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Convenient dosing—the recommended starting dose 
550 mg, followed by 275 mg every 6 to 8 hours, as requir’: 
The total daily dose should not exceed 1375 n 


As with other NSAIDs, the most frequent complaints a 
gastrointestinal. See Warnings, Precautions, and Advei: 
Reactions sections of prescribing informat : 


Fast Relief. Fast Recovei 
275 MG TABLET: 


Ananrox:DS Ananrox 


(NAPROXEN SODIUM) 


—— | Committed to the OB/GYN 
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HUMACAO, PR. 00661 prescribing information 


Pariet Summary: 
Sontraindications: Patients who have had allergic reactions to NAPROSYN® ANAPROX® or ANAPRUA® DS 
F r in whom aspirin or other NSAIDs induce the syndrome of asthma, rhinitis, and nasal polyps. Because 
anaphylactic reactions usually occur in patients with a history of such reactions, question patients for 
asthma, nasal polyps, urticaria, and hypotension associated with NSAIDs before starting therapy. If such 
symptoms occur, discontinue the drug. 
Warnings: Serious GI toxicity such as bleeding, ulceration, and perforation, can occur at any time, with 
or without warning symptoms, in patients treated chronically with NSAIDs. Remain alert for ulceration 
„and bleeding even in the absence of previous GI tract symptoms. In clinical trials, symptomatic upper Gl 
Pulcers, gross bleeding or perforation occur in about 1 % of patients treated for 3-6 months, and in about 
-2-4% of patients treated for one year. Inform patients of signs and/or symptoms of serious GI toxicity and 
tahat steps to take if they occur. 
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‘ing. Except for a prior history of serious GI events and other risk factors associated with peptic ulcer 
isease, such as alcoholism, smoking, etc., no risk factors (e.g., age, sex) have been associated with 
ncreased risk. Elderly or debilitated patients seem to tolerate ulceration or bleeding less well and most 
ntaneous reports of fatal GI events are in this population. In considering the use of relatively large 
ses (within the recommended dosage range), sufficient benefit should be anticipated to offset the 
ential increased risk of GI toxicity. 
‘Precautions: DO NOT GIVE NAPROSYN® (NAPROXEN) CONCOMITANTLY WITH ANAPROX® OR 


-ANAPROX® DS (NAPROXEN SODIUM) SINCE THEY CIRCULATE IN PLASMA AS THE NAPROXEN ANION. 
Acute interstitial nephritis with hematuria, proteinuria, and nephrotic syndrome has been reported. 


Patients with impaired renal function, heart failure, liver dysfunction, patients taking diuretics, and the 
elderly are at greater risk of overt renal decompensation. If this occurs, discontinue the drug. Use with 
caution and monitor serum creatinine and/or creatinine clearance in patients with significantly impaired 
„renal function. Use caution in patients with baseline creatinine clearance less than 20 ml/minute. Use 


‘the lowest effective dose in the elderly or in patients with chronic alcoholic liver disease or cirrhosis. 


Borderline elevations of liver tests may occur in up to 15% of patients. Elevations of SGPT or SGOT 
“occurred in controlled trials in less than 1% of patients. Severe hepatic reactions, including jaundice and 
fatal hepatitis, have been reported rarely. If liver disease develops or if systemic manifestations occur 
'{e.g., eosinophilia or rash), discontinue therapy. If steroid dosage is reduced or eliminated during therapy, 


jio so slowly and observe patients closely for adverse effects, including adrenal insufficiency and exacer- 


bation of arthritis symptoms. Determine hemoglobin values periodically for patients with initial values of 
grams or less who receive long-term therapy. Peripheral edema has been reported. For patients with 


hrestricted sodium intake, note that each tablet contains approximately 25 or 50 mg (1 or 2 mEq) sodium. 


Use with caution in patients with fluid retention, hypertension or heart failure. The drug may reduce fever 


and inflammation, diminishing their diagnostic value. Conduct ophthalmic studies if any change or distur- 


bance in vision occurs. Information for Patients: Side effects can cause discomfort and, rarely, more 


serious side effects, such as GI bleeding, may result in hospitalization and even fatal outcomes. Physi- 


cians may wish to discuss with patients potential risks and benefits of NSAIDs, particularly when they are 
used for less serious conditions where treatment without NSAIDs may be acceptable. Patients should 


‘use caution for activities requiring alertness if they experience drowsiness, dizziness, vertigo or depres- 
sion during therapy. Laboratory Tests: Because serious GI tract ulceration and bleeding can occur with- 


out warning symptoms, follow chronically treated patients and inform them of the importance of the 


follow-up. Drug Interactions: Use caution when giving concomitantly with coumarin-type anticoagu- 


lants; a hydantoin, sulfonamide or sulfonylurea; furosemide; lithium; beta-blockers; probenecid; or 
methotrexate. Drug/Laboratory Test Interactions: May decrease platelet aggregation and prolong 
bleeding time or increase urinary values for 17-ketogenic steroids. Temporarily stop therapy for 72 hours 
before adrenal function tests. May interfere with urinary assays of 5HIAA. Carcinogenesis: A 2-year rat 
Study showed no evidence of carcinogenicity. Pregnancy: Category B. Do not use during pregnancy 
unless clearly needed. Avoid use during late pregnancy. Nursing Mothers: Avoid use. Pediatric Use: 


‘Single doses of 2.5-5 mg/kg (as naproxen suspension), with total daily dose not exceeding 15 mg/kg/day, 


‘are Safe in children over 2 years of age. 
‘Adverse Reactions: In a study, GI reactions were more frequent and severe in rheumatoid arthritis 





















h and prolonged bleeding times were more frequent, GI and CNS reactions about the same, and other 
ctions less frequent than in adults. Incidence Greater Than 1%, Probable Causal Relationship: GI: The 
t frequent complaints related to the GI tract: constipation* heartburn* abdominal pain* nausea* 


* hearing disturbances, visual disturbances. Cardiovascular: edema* dyspnea* palpitations. General: 
rst. *Incidence of reported reaction 3% -9%. Where unmarked, incidence less than 3%. Incidence 
s Than 1%: Probable Causal Relationship: Gl: abnormal liver function tests, colitis, GI bleeding and/or 


2, insomnia, malaise, myalgia and muscle weakness. Dermatologic: alopecia, photosensitive 


iratory: eosinophilic pneumonitis. General: anaphylactoid reactions, menstrual disorders, pyrexia 
s and fever). Causal Relationship Unknown: Hematologic: aplastic anemia, hemolytic anemia. CNS: 


p syndrome, urticaria. Gl: non-peptic GI ulceration, ulcerative stomatitis. Cardiovascular: 
itis. General: angioneurotic edema, hyperglycemia, hypoglycemia. 

dosage: May have drowsiness, heartburn, indigestion, nausea, vomiting. A few patients have had 
‘ures. Empty stomach and use usual supportive measures. In animals 0.5g/kg of activated charcoal 
ced plasma levels of naproxen. 
ove and Administration for Mild to Moderate Pain, Dysmenorrhea and Acute Tendinitis and 
Silis: Recommended starting dose is 550 mg, followed by 275 mg every 6 to 8 hours. Total daily dose 
not exceed 1375 mg. 
+e and Administration for Rheumatoid Arthritis, Osteoarthritis and Ankylosing Spondylitis: 


‘primatoryanagesc activity is required. At this dosage, physicians should observe sufficient 
‘eased Clinical benefits to offset potential increased risk. 
tion: Federal law prohibits dispensing without prescription. 
} package insert for full Prescribing Information. 
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Studies have not identified any subset of patients not at risk of developing peptic ulceration and bleed- 


ients on 1650 mg/day naproxen sodium than in those on 825 mg/day. In children with juvenile arthritis, 


spepsia, diarrhea, stomatitis. CNS: headache dizziness, drowsiness* light-headedness, vertigo. Der- 
ologic: itching (pruritus)* skin eruptions* ecchymoses* sweating, purpura. Special Senses: tinni- 


oration, hematemesis, jaundice, melena, peptic ulceration with bleeding and/or perforation, vomit- 
. Renal: glomerular nephritis, hematuria, hyperkalemia, interstitial nephritis, nephrotic syndrome, 
al disease, renal failure, renal papillary necrosis. Hematologic: agranulocytosis, eosinophilia, granulo- 
penia, leukopenia, thrombocytopenia. CNS: depression, dream abnormalities, inability to concen- 


itis, skin rashes. Special Senses: hearing impairment. Cardiovascular: congestive heart failure. 


“otic meningitis, cognitive dysfunction. Dermatologic: epidermal necrolysis, erythema multiforme, 
) tdSensitivity reactions resembling porphyria cutanea tarda and epidermolysis bullosa, Stevens- 


“vamended dose in adults is 275 mg or 550 mg twice daily. In patients who tolerate lower doses well, 
» dase may be increased to 1650 mg per day for limited periods when a higher level of anti- 
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OBSTETRICS, GYNECOLOGY 
AND FERTILITY 


Editor-in-Chief: Robert L. Barbieri, MD 
State University of 
New York at Stony Brook 


Current Problems in Obstetrics, Gynecology and 
Fertility brings you the authoritative, practical 
information you need to stay current in your specialty. 


¢ Each bimonthly issue focuses on a specific clinical 
problem you see in your practice or on a subject area 
in which important clinical and research information 
is being generated. 


e You get a complete analysis of topics such as: 
preconceptual counseling, infertility, endocrine 
problems, high-risk obstetrics, ovarian and uterine 
cancer screening, sexually transmitted diseases, 
pediatric and adolescent gynecology, and more. 


e Authors are selected for their expertise; you'll benefit 
from their balanced perspective on the topic and 
their wealth of clinical experience. 


è Each article is extensively referenced, saving you 
hours of library research. 


Yes! Please begin my subscription to Current Problems in 
Obstetrics, Gynecology and Fertility (6 issues per year). 
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Genetics is 
much more than 
child's play. 


A lot of companies off 
laboratory tests. But i 
not easy to find one wi 
our focused experienc 
genetics and infertilit 
At the Genetics & I 
Institute, we understat 
the needs of obstetricia 
because we're one of yi 
In our well-respected natio 
reference laboratories, your pat 
samples get the same atten 
and turnaround time as our € 
In prenatal cytogenetics, you benefit 
rapid amniocentesis and one of the world’s 
experienced chorionic villus (CVS) labs. We į 
you expertise in Fragile X testing, molecular DNA and 
for disease/carrier detection and paternity testing, 
chromosome analysis, and MSAFP and Carrs) scree 
For treatment of infertility, you can obtain top qui 
genetically screened donor semen from the Fairfax Cryolf 
and order rapid hormone assays 365 days a year. And i 
ever need help with a test result, you consult directly wit 
laboratory heads, M.D.s, and counselors. 


GENETICS & IVF INSTITU 
Serving our colleagues since 1! 
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For more information, please 
1-800-654-GE 
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CLINICAL SECTION 
W Clinical Opinion 


Indirect blood pressure measurement in pregnancy: Korotkoff phase 4 577 
versus phase 5 
Agnes R. Johenning, MD, and William M. Barron, MD 


Chicago, Illinois 


Korotkoff phase 5 is preferred over phase 4 because the former is closer to intraarterial 
measurements, can be determined in >90% of gravid women, and is subject to less observer 
variability. 


From Fanny to Fernand: The development of consumerism in pain 581 
control during the birth process 
Cynthia De Haven Pitcock, PhD, and Richard B. Clark, MD 


Little Rock, Arkansas 


Obstetric anesthesia has been the object of public concern and patient advocacy from its 
introduction in the 1840s to the present, and this study examines that trend. 


W Clinical Articles 


Detection of cervical Chlamydia trachomatis and Neisseria 588 
gonorrhoeae with deoxyribonucleic acid probe assays in obstetric 

patients 

lan K. Hosein, MD, Andrew M. Kaunitz, MD, and Susan J. Craft, MT 


Jacksonville, Florida 


Gen-Probe PACE 2 deoxyribonucleic acid probe assays for chlamydia and gonorrhea appear 
promising as convenient, reliable, and cost-effective alternatives to conventional cultures in 
screening obstetric patients. 


(Contents continued on page 4A) 
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Three-group metaphase as a morphologic criterion of progressive 591 
cervical intraepithelial neoplasia 


Marian J.E. Mourits, MD, Wim J.L.M. Pieters, MD, PhD, Harry Hollema, MD, PhD, and 
Matthé P.M. Burger, MD, PhD 
Groningen and Winschoten, The Netherlands 


The presence of three-group metaphase in cervical intraepithelial neoplasia can be considered 
a morphologic criterion for progression. 


Elevated levels of midtrimester maternal serum a-fetoprotein are 596 
associated with preterm delivery but not with fetal growth retardation 


Richard O. Davis, MD, Robert L. Goldenberg, MD, Larry Boots, PhD, Howard J. Hoffman, MA, 
Rachel Copper, MSN, CRNP, Gary R. Cutter, PhD, Mary B. DuBard, MA, Suzanne P. Cliver, BA, 
and R. Kraig Smith, MD 

Birmingham, Alabama 


Elevated levels of maternal serum a-fetoprotein in singleton pregnancies are associated with a 
significant risk for preterm delivery. 


Postpartum ultrasonographic findings associated with placenta 601 
accreta 

Joel L. Shapiro, MD, David M. Sherer, MD, John T. Hurley, MD, Leon A. Metlay, MD, and 

Marvin S. Amstey, MD 

Rochester, New York 


We present the first description of ultrasonographic findings associated with the postpartum 
diagnosis of placenta accreta. 


(Contents continued on page 7A) 
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eè Less frequent dosing (gynecologic infection*: 
1-2 g q12h; prophylaxis: 1 g as a single dose) helps 
reduce the chance of missed doses during your 
patient's care 


@ Well established—more and more patients treated 
every day 


e Demonstrated efficacy,':2 long half-life, and sustained 
therapeutic concentrations? mean more confidence 
in coverage despite OR delays and prolonged 
orocedures 


e Outstanding activity'*® against Neisseria 
gonorrhoeae, Escherichia coli, Bacteroides fragilis, 
and more...CDC-recommended for PID? and cost- 
effective 


For added assurance 





(cefotetan disodium | 


* Please refer to product labeling for indicated organisms. 
tin vitro activity does not necessarily correlate with in vivo effectiveness. 


Please see adjacent page for brief summary of prescribing information. 


© 1992 ICI Americas Inc. 
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For Intravenous or Intramuscular Use 

PLEASE SEE FULL PRESCRIBING INFORMATION FOR A COMPLETE DESCRIPTION. 
A BRIEF SUMMARY FOLLOWS. 

INDICATIONS AND USAGE 

TREATMENT 

CEFOTAN is indicated for the therapeutic treatment of the following infections when caused by 
susceptible strains of the designated organisms: 

Urinary Tract Infections caused by E. coli, Klebsiella species (including K. pneumoniae), Proteus 
mirabilis, and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 

Respiratory Tract Infections caused by Streptococcus pneumoniae (formerly D. pneumoniae), 
Staphylococcus aureus (penicillinase- and Le ah ag oe strains), Haemophilus influenzae 
(including ampicillin-resistant strains), Klebsiella species (including K. pneumoniae), E. coli, Proteus 
mirabilis, and Serratia marcescens”. 

Skin and Skin Structure Infections due to Staphylococcus aureus (penicillinase- and nonpenicillinase- 
producing strains), Staphylococcus epidermidis, Streptococcus pyogenes, Streptococcus species (excluding 
enterococci), Escherichia coli, Klebsiella pneumoniae, Peptococcus niger’, Peptostreptococcus species. 

Gynecologic Infections caused by Staphylococcus aureus (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus species (excluding enterococci), 
Streptococcus agalactiae, E. coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species _ 
(excluding B. distasonis, B. ovatus, B. thetaiotaomicron), Fusobacterium species", and gram-positive 
anaerobic cocci (including Peptococcus niger and Peptostreptococcus species). 

Cefotetan, like other cephalosporins, has no activity against Chlamydia trachomatis. Therefore, when 
cephalosporins are used in the treatment of pelvic inflammatory disease, and C. trachomatis is one of the 
suspected pathogens, appropriate antichlamydial coverage should be added. 

intra-abdominal Infections caused by F. coli, Klebsiella species (including K. pneumoniae), Streptococcus 
species (excluding enterococci), Bacteroides species (excluding B. distasonis, B. ovatus, B. thetaiotaomicron) 
and Clostridium species”. 

Bone and Joint infections caused by Staphylococcus aureus" 

“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify causative 
organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted before results 
of susceptibility studies are known; however, once these results become available, the antibiotic treat- 
ment should be adjusted accordingly. so T 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity of 
the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
PROPHYLAXIS 

The preoperative administration of CEFOTAN may reduce the incidence of certain postoperative 
infections in patients undergoing surgical procedures that are classified as clean contaminated or 
potentially contaminated (e.g., cesarean section, abdominal or vaginal hysterectomy, transurethral 
surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for identification 
of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
setae is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 

BEFORE THERAPY WITH CEFOTAN IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO 
DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO 
CEFOTETAN DISODIUM, CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. IF THIS PRODUCT IS TO 
BE GIVEN TO PENICILLIN-SENSITIVE PATIENTS, CAUTION SHOULD BE EXERCISED BECAUSE CROSS- 
HYPERSENSITIVITY AMONG BETA-LACTAM ANTIBIOTICS HAS BEEN CLEARLY DOCUMENTED AND MAY 
OCCUR IN UP TO 10% OF PATIENTS WITH A HISTORY OF PENICILLIN ALLERGY. IF AN ALLERGIC 
REACTION TO CEFOTAN OCCURS, DISCONTINUE THE DRUG. SERIOUS ACUTE HYPERSENSITIVITY 
REACTIONS MAY REQUIRE TREATMENT WITH EPINEPHRINE AND OTHER EMERGENCY MEASURES, 
INCLUDING OXYGEN, INTRAVENOUS FLUIDS, INTRAVENOUS ANTIHISTAMINES, CORTICOSTEROIDS, 
PRESSOR AMINES AND AIRWAY MANAGEMENT, AS CLINICALLY INDICATED. 

Pseudomembranous colitis has been reported with nearly all antibacterial agents, including 
cefotetan, and may range from mild to life-threatening. Onset of pseudomembranous colitis symptoms 
may occur during or after antibiotic treatment or surgical prophylaxis. Therefore, it is important to 
consider this diagnosis in patients who present with diarrhea subsequent to the administration of 
antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may permit overgrowth of 
clostridia. Studies indicate that a toxin produced by Clostridium difticile is a primary cause of “antibiotic- 
associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, therapeutic measures should 
be initiated. Mild cases of pseudomembranous colitis usually respond to discontinuation of the drug 
alone. In moderate to severe cases, consideration should be given to management with fluids and elec- 
trolytes, protein supplementation, and treatment with an oral antibacterial drug effective against 
Clostridium difficile. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity and, possibly, subsequent bleeding. Those at increased risk include patients with 
renal or hepatobiliary impairment or poor nutritional state, the elderly, and patients with cancer. Pro- 
thrombin time should be monitored and exogenous vitamin K administered as indicated. 

PRECAUTIONS 

General: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 

Information for Patients: As with some other cephalosporins, a disulfiram-like reaction characterized 
by flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, etc.) is ingested 
within 72 hours after CEFOTAN administration. Patients should be cautioned about the ingestion of 
alcoholic beverages following the administration of CEFOTAN. 

Drug Interactions: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 

Drug/Laboratory Test Interactions: The administration of CEFOTAN may result in a false-positive 
reaction for glucose in the urine using Clinitest®t, Benedict's solution, or Fehling’s solution. It is 
recommenced that glucose tests based on enzymatic glucose oxidase be used. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of serum 
and urine creatinine levels by Jaffe reaction and produce false increases in the levels of creatinine reported. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Although long-term studies in animals have not 
been performed to evaluate carcinogenic potential, no mutagenic potential of cefotetan was found in 
standard laboratory tests. 


6A 


CEFOTAN... 


(cefotetan disodium) 


Available in 1-gram and 2-gram vials 


Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and prepuberty in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methy!thiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

Pregnancy: Teratogenic Effects. Pregnancy Category B: Reproduction studies have been performed in” 
rats and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies 
in pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 

Nursing Mothers: Cefotetan is excreted in human milk in very low concentrations. Caution should be 
exercised when cefotetan is administered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. Those 
appearing in italics have been reported during postmarketing experience. 

Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700); pseudomembranous colitis. Onset of pseudomembranous colitis symptoms may occur 
during or after antibiotic treatment or surgical prophylaxis. (See WARNINGS.) 

Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 
200), positive direct Coombs ' test (1 in 250), and thrombocytosis (1 in 300); agranulocytosis, hemolytic 
anemia, leukopenia, thrombocytopenia, and prolonged prothrombin time. 

Hepatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

Hypersensitivity reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 
(1 in 700); anaphylactic reactions. a7 

Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). 

Miscellaneous: Fever 

In addition to the adverse reactions listed above which have been observed in patients treated with 
cefotetan, the following adverse reactions and altered laboratory tests have been reported for cephalo- 
sporin-class antibiotics: urticaria, pruritis, Stevens-Johnson syndrome, erythema multiforme, toxic epidermal 
necrolysis, vomiting, abdominal pain, colitis, superinfection, vaginitis including vaginal candidiasis, renal 
dysfunction, toxic nephropathy, hepatic dysfunction including cholestasis, aplastic anemia, hemorrhage, 
increased BUN, increased creatinine, elevated bilirubin, pancytopenia, and neutropenia. 

Several cephalosporins have been implicated in triggering seizures, particularly in patients with renal 
impairment when the dosage was not reduced (see DOSAGE AND ADMINISTRATION and OVERDOSAGE). 
lf seizures associated with drug therapy occur, the drug should be discontinued. Anticonvulsant therapy 
can Ad pi if clinically indicated. 

DOSAGE AND ADMINISTRATION 
TREATMENT 

The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intramuscularly 
every 12 hours for 5 to 10 days. Proper dosage and route of administration should be determined by the 
condition of the patient, severity ot the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 
1 or 2 g every 24 hours IV or IM 
1 or 2 g every 12 hours IV or IM 
Skin & Skin Structure 
Mild-Moderate@ 2 grams 2 g every 24 hours IV 
1 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6 grams) 3 g every 12 hours IV 


aK. oe skin and skin structure infections should be treated with 1 or 2 grams every 12 hours 
IV or IM. 

b Maximum daily dosage should not exceed 6 grams. 

If C. trachomatis is a suspected pathogen in gynecologic infections, appropriate antichlamydial 
cue should be added, since cefotetan has no activity against this organism. 
PROPHYLAXIS 

To prevent postoperative infection in clean contaminated or potentially contaminated surgery in adults, 
the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 30 to 60 minutes 
prior to surgery. In patients undergoing cesarean section, the dose should be administered as soon as 
the umbilical cord is clamped. 
IMPAIRED RENAL FUNCTION 

When renal function is impaired, a reduced dosage schedule must be employed. See FULL PRESCRIBING 
INFORMATION for a complete description. 
NOTE: Parenteral drug products should be inspected visually for particulate matter and discoloration 
prior to administration whenever solution and container permit. 
Clinitest®t is a registered trademark of Ames Division, Miles Laboratories, Inc. 


References: 1. Walker CK, Landers DV, Ohm-Smith MJ, et al. Comparison of cefotetan plus line with cefoxitin 
plus doxycycline in the inpatient treatment of acute salpingitis. Sex Tans Dis. 1991;18:119-123. 2. McGregor JA, Gordon SF, 
Krotec J, Poindexter AN. Results of a randomized, multicenter, comparative trial of a single dose of cefotetan versus multiple 
doses of cefoxitin as prophylaxis in cesarean section. Am J Obstet Gynecol. 1988;158:701-706. 3. Carver P, Quintiliani R, 
Nightingale CH. Comparative pharmacokinetic study of cefotetan and cefoxitin in healthy volunteers. /nfect Surg. April 
1986(suppl):1114. 4. Ohm-Smith MJ, Sweet RL, Hadley WK. In vitro activity of cefou and other antimicrobial 
agents against isolates from the female genital tract. Antimicrob Agents Chemother 1985;27:958-960. 5. Data on file, 
Stuart Pharmaceuticals, Wilmington, Delaware, 6. Souza Dias MB, Jacobus NV, Tally FP Gorbach SL. Activity of cefotetan 
against anaerobic bacteria. Diagn Microbiol Infect Dis. 1986;4:359-363. 7. Wexler HM, Finegold SM. In vitro activity of 
cefotetan compared with that of other antimicrobial agents against anaerobic bacteria. Antimicrob Agents Chemother 
1988;32:601-604. 8. Hennessey TD. Cefotetan: a compilation of susceptibility data of clinical isolates. In: Lode H, Periti P, 
Strachan CJL, eds. Cefoletan: A Long-Acting Antibiotic for Polymicrobial Infections. New York, NY: Churchill Livingstone; 
1985:14-22. 9. Centers for Disease Control. 1989 sexually transmitted diseases treatment guidelines. MMWR. 
1989:38(supp! S-8):1-43. 
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Transvaginal ultrasonography in the differential diagnosis of 603 
adenomyoma versus leiomyoma 

Luigi Fedele, MD, Stefano Bianchi, MD, Milena Dorta, MD, Fabrizio Zanotti, MD, 

Diana Brioschi, MD, and Silvestro Carinelli, MD 

Milan, Italy 


Transvaginal ultrasonography is an effective noninvasive procedure for the preoperative 
differential diagnosis of adenomyoma versus leiomyoma. 


Predictive factors for the development of diabetes in women with 607 
previous gestational diabetes mellitus 

Peter Damm, MD, Claus Kiihl, MD, PhD, Aksel Bertelsen, PhD, and 

Lars M@lsted-Pedersen, MD, PhD 

Copenhagen, Denmark 


An increased incidence of diabetes mellitus was found in women with previous diet-treated 
gestational diabetes, and predictive factors for development of diabetes were identified. 


Fetal surveillance in pregnancies complicated by insulin-dependent 617 
diabetes mellitus 

Mark B. Landon, MD, Oded Langer, MD, Steven G. Gabbe, MD, Carol Schick, RN, and 

Lois Brustman, MD 

Columbus, Ohio, and Bronx, New York 


No significant relationship was observed between antepartum fetal testing and maternal 
glycemic status in women with insulin-dependent diabetes. 


Seroprevalence of human immunodeficiency virus in parturients at 622 
Boston City Hospital: Implications for public health and obstetric 

practice 

S. Patrick Donegan, MD, Kathleen A. Steger, RN, MPH, Lakambini Recla, MD, 

Rodney S. Hoff, DSc, Barbara G. Werner, PhD, Peter A. Rice, MD, and Donald E. Craven, MD 

Boston and Jamaica Plain, Massachusetts 


Seroprevalence of human immunodeficiency virus in parturient women at a municipal hospital 
is correlated by racial ethnic group, country of birth, and a history of intravenous drug use. 


Psychosexual aspects of the evaluation and management of vulvar 630 
vestibulitis 


Leslie R. Schover, PhD, David D. Youngs, MD, and Ruth Cannata, RN 
Cleveland, Ohio 


Vulvar vestibulitis may result from the interaction of organic and psychologic factors, so that 
appropriate treatment involves both gynecologic and psychologic intervention. 


(Contents continued on page 10A) 
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In offices, clinics and hospitals worldwide, 
Siemens Quantum is changing the way 
doctors look at their patients. 

Our imaging systems and state-of-the-art 
diagnostics are pushing the limits of ultra- 
sound. Providing more and better information 


at every level. Performing more types of obstet- 


ric and gynecologic studies than ever before. 

The Siemens Quantum alliance joins 
two powerful forces: Siemens, the world’s 
largest medical imaging company, and 
Quantum, a pioneer and technological leader 
in ultrasound. 

Together, we're committed to maintain- 
ing our leading edge. Which means keeping 
our systems—and our customers —at the 














Keep You There. 


And they come with the most advanced, 


multi-frequency, patient-friendly endovaginal 


probe on the market. 


The Siemens SONOLINE’ SI-450 offers 
superb image quality and a comprehensive 
set of reports and measurement packages. 
For complete transabdominal, endovaginal 
and spectral Doppler capabilities, there's no 
better equipment for the price. 


The Quantum 2000 is a high-performance, 
high-end, all-purpose system that's unsur- 
passed for high-definition gray scale and 
ultra-sensitive color flow. Its advanced tech- 
nology lets you see subtle differences in 
tissue, accurately image the tiniest flows, 


and detect even the smallest details at depth. 


epasinonit of diagnostic imaging, To receive more information on Siemens 
The Siemens Quantum ultrasound systems, call 1-800- 
SONOLINE’ = 367-3569, fax (206) 391-9161, or 
SI-200 & 250 ES y write us at 
are versatile, a ee 1040 12th 
affordable, J et eee 4 Ave. N.W., 
compactand , Issaquah, 
easy to use. WA 98027. 





Siemens Quantum, Inc. 
Pushing The Limits Of Ultrasound 


© 1991 Siemens Quantum, Inc. 
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Regulatory effect of antiphospholipid antibodies on signal 637 
ri A possible model for autoantibody-induced reproductive 
ailure 


Norbert Gleicher, MD, Lisa Harlow, BS, and Moshe Zilberstein, MD 
Chicago, Illinois 


Antiphospholipid antibodies may be involved in signal transduction processes and thus 
contribute to various forms of reproductive failure. 


Effect of orthostatic stress on umbilical Doppler waveforms in normal 643 
and hypertensive pregnancies 

Tanya K. Sorensen, MD, Susan Hendricks, MD, Thomas R. Easterling, MD, 

Karen L. Carlson, RN, and Thomas J. Benedetti, MD 

Seattle, Washington 


Unlike normotensive gravid women, hypertensive gravid women exhibit increased umbilical 
systolic/diastolic ratios with orthostatic stress; the degree of increase is related to maternal 
hemodynamics. 


Transient hyperthyroidism and hyperemesis gravidarum: Clinical 648 
aspects 
T. Murphy Goodwin, MD, Martin Montoro, MD, and Jorge H. Mestman, MD 


Los Angeles, California 


The clinical course of hyperthyroidism in hyperemesis gravidarum is described, and an 
association between the degree of hyperthyroidism and the severity of hyperemesis is 
described. 


Microbial etiology of urban emergency department acute salpingitis: 653 
Treatment with ofloxacin 
David E. Soper, MD, Nancy J. Brockwell, RNC, and Harry P. Dalton, PhD 


Richmond, Virginia 


Neisseria gonorrhoeae, not a polymicrobial flora, was the principal cause of acute salpingitis 


in 36 subjects from an urban emergency department. 


Effect of magnesium sulfate on maternal brain blood flow in 661 
preeclampsia: A randomized, placebo-controlled study 
Michael A. Belfort, MD, and Kenneth J. Moise, Jr., MD 


Houston, Texas 


A 6 gm intravenous dose of magnesium sulfate significantly dilates vessels distal to the 


maternal middle cerebral arteries in preeclampsia. 
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Endometrial lymphoid tissue in the timed endometrial biopsy: 667 
Morphometric and immunohistochemical aspects 

Lucas D. Klentzeris, MD, Judith N. Bulmer, PhD, Alistair Warren, PhD, 

Lynn Morrison, Tin-Chin Li, PhD, and Ian D. Cooke, MB, ChB 

Sheffield and Leeds, England 


In normal fertile women morphometric changes indicate proliferation of endometrial 
granulated lymphocytes from 7 to 13 days after the luteinizing hormone surge; stromal T 
lymphocytes and macrophages increase within certain post—luteinizing hormone surge 
intervals. 


Umbilical vein pulsations: A physiologic finding in early gestation 675 
Giuseppe Rizzo, MD, Domenico Arduini, MD, and Carlo Romanini, MD 
Rome and Ancona, Italy 


Pulsations in the umbilical vein are physiologically present in the first trimester of pregnancy. 


A randomized, double-blind, placebo-controlled comparison of the 678 
impact of low-dose and triphasic oral contraceptives on follicular 

development 

Ronald L. Young, MD, Michael C. Snabes, MD, PhD, Margaret L. Frank, PhD, and 

Maryanne Reilly, RN 

Houston, Texas 


Weekly vaginal ultrasonography was used to observe continued follicular development 
associated with low-dose and triphasic oral contraceptives. 


The presence of amniotic fluid leukoattractants accurately identifies 683 
histologic chorioamnionitis and predicts tocolytic efficacy in patients 

with idiopathic preterm labor 

Peter H. Cherouny, MD, Glenn A. Pankuch, BS, John J. Botti, MD, and 

Peter C. Appelbaum, MD, PhD 

Hershey, Pennsylvania 


The detection of amniotic fluid leukoattractants accurately identifies the presence of histologic 
chorioamnionitis and predicts tocolytic efficacy in patients with idiopathic preterm labor. 


Computerized measurement of heart rate variation in fetal anemia 689 
caused by rhesus alloimmunization 

D.L. Economides, MD, M. Selinger, MD, J. Ferguson, P.J. Bowell, G.S. Dawes, MD, 

and I.Z. Mackenzie, MD 

Oxford, England 


Computerized measurement of fetal heart rate variation in red blood cell alloimmunized 
pregnancies shows a reduction in variation that is significantly correlated with fetal 
hematocrit. 


(Contents continued on page 14A) 
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VIDAS. 


The grand talent 
for immunoanalysis 


VIDAS, the automated immunoanalyzer for simultaneous multiparametric testing, is now available 
for immunochemistry, serology and antigen detection testing in the U.S. 


With VIDAS, immunoanalysis testing can now be as simple, reliable and versatile as 
automated clinical chemistry testing. 


The system features single-dose, totally self-contained reagent strips to which the sample is simply 
added and then automatically tested. 


— Simultaneous testing—up to at least 12 different VIDAS ASSAYS NOW AVAILABLE: 





arameters. 
F LH, Ferritin, TOXO IgG, TOXO IgM, 
— 2 to 5 separate compartments for batch or random Rubella IgG, Lyme Screen, Measles IgG 
access testing— always ready to go. Chlamydia Ag, HSV 1+2 Ag, RSV Ag, 
— Fast turnaround time: results within 30 minutes. C. difficile Toxin A, FSH, TSH. 
— Absence of contamination and customer VIDAS Assays pending FDA clearance: 
maintenance (no tubing, no syringes, no reagent HCG, FT4, CMV IgG. 
dispensing). 


30 other assays soon available for 
immunochemistry, tumor markers, TDM, 
serology and virology testing. 


— Calibration via bar code with a factory preset 
master curve. 


— One-point recalibration once every 2 weeks. 


— Simple to use— Assay processing proceeds 
automatically under computer control. 





mini VIDAS’ VIDAS, over 300 tests per day. 
a totally integrated instrument 

for up to 80 tests per day. 

* Not yet available in the U.S. 





bioMérieux 
bioMérieux Vitek, Inc. 595 Anglum Drive, Hazelwood, Missouri 63042-2395, USA 
Phone 314/731-8500, 800/638-4835 - Fax 314/731-8700 
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Transverse transperineal repair of rectovaginal fistulas in the lower 694 
vagina 

Anne K. Wiskind, MD, and John D. Thompson, MD 

Atlanta, Georgia 


A technique for transverse transperineal repair of low rectovaginal fistulas is presented with a 
discussion of some advantages of this method. 


Characterization of fetal body movement recorded by the 700 
Hewlett-Packard M-1350-A fetal monitor 


Terry D. Melendez, MD, William F. Rayburn, MD, and Carl V. Smith, MD 
Omaha, Nebraska 


The Hewlett-Packard M-1350-A fetal monitor accurately records fetal extremity movements, 
either isolated or with trunk motion, but does not detect subtle body movements. 


Blood and amniotic fluid contact sustained by obstetric personnel 703 
during deliveries 

Adelisa L. Panlilio, MD, MPH, Betty A. Welch, BSN, David M. Bell, MD, Deretha R. Foy, RN, MPH, 
Christine M. Parrish, RN, MS, Carl A. Perlino, MD, and Luella Klein, MD 

Atlanta, Georgia 


During deliveries obstetricians and midwives had a substantial rate of blood and amniotic 
fluid contact; many of these contacts were potentially preventable. 


Influence of corpus luteum age on the steroidogenic response to 709 
exogenous human chorionic gonadotropin in normal cycling women 

Lt Col Marc A. Fritz, MC, USAF, David L. Hess, PhD, and Phillip E. Patton, MD 

Bethesda, Maryland, and Beaverton and Portland, Oregon 


Patterns of steroidogenic response to exogenous human chorionic gonadotropin administration 
vary with the postovulatory age of the corpus luteum and may have clinical implications 
regarding the empiric use of exogenous human chorionic gonadotropin in support of luteal 
function. 


Fetal heart rate variability and behavioral state: Analysis by power TIT 
spectrum 

Susan R. Davidson, MD, John H.G. Rankin, PhD, Chester B. Martin, Jr., MD, and 

Deborah L. Reid, PhD 

Madison, Wisconsin 


Spectral analysis of the ovine fetal heart rate reveals that fetal state influences the shape of 
the heart rate spectrum. 


Proteinuria and its assessment in normal and hypertensive pregnancy 723 
Vanessa S. Kuo, RN, RM, George Koumantakis, MApplSc, and Eileen D.M. Gallery, MD 
St. Leonards, New South Wales, Australia 


Urinary protein excretion was <200 mg per 24 hours at two stages of pregnancy in 174 
normal women; high false-positive and false-negative rates and poor quantitative correlations 
were found for dipstick analyses of urine samples of known protein content. 
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Simian virus 40-transformed human ovarian surface epithelial cells 729 
escape normal growth controls but retain morphogenetic responses to 
extracellular matrix 


Sarah L. Maines-Bandiera, MS, Patricia A. Kruk, MSc, and Nelly Auersperg, MD, PhD 
Vancouver, British Columbia, Canada 


Human ovarian surface epithelial cells transfected with simian virus 40 large-T antigen 
resemble cells early in neoplastic progression. 


Normal fetal cardiac flow velocity waveforms between 11 and 16 736 
weeks of gestation 


Juriy W. Wladimiroff, MD, PhD, Patricia A. Stewart, PhD, Marian T. Burghouwt, and 
Theo Stijnen, PhD 
Rotterdam, The Netherlands 


At 11 to 16 weeks fetal flow velocities increase at the atrioventricular and semilunar levels, 
with highest velocities at the transtricuspid and ascending aortic levels. 


8-Endorphin concentrations in fetal blood during the second half of 740 
pregnancy 

Nebojsa Radunovic, MD, PhD, Charles J. Lockwood, MD, Manuel Alvarez, MD, 

Danica Nastic, PhD, and Richard L. Berkowitz, MD 

New York, New York, and Belgrade, Yugoslavia 


Circulating levels of fetal 8-endorphin decline between 18 and 28 weeks’ gestation; they are 
significantly lower than neonatal values and higher than matched maternal values. 


Contractile effect of endothelin in the human uterine artery and 745 
autoradiographic localization of its binding sites 


Gunilla Bodelsson, MD, Nils-Otto Sjéberg, MD, PhD, and Martin Stjernquist, MD, PhD 
Malmo, Sweden 


Endothelin binding sites were demonstrated, and the contractile effect and mode of action of 
endothelin were investigated in the human uterine artery. 


An immunohistologic study of endothelialization of uteroplacental 751 
vessels in human pregnancy—Evidence that endothelium is focally 

disrupted by trophoblast in preeclampsia 

T. Yee Khong, MD, I. Hilary Sawyer, BSc, and Andrew R. Heryet 


Oxford, England 


In preeclampsia there is an aberrant wave of endovascular trophoblast migration; 
immunohistologic studies demonstrate that this results in focal disruption of the placental bed 
spiral arterial endothelium. 


(Contents continued on page 16A) 
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Ureter injury during laparoscopy-assisted vaginal hysterectomy with 756 
the endoscopic linear stapler 

Mark B. Woodland, MD 

Camden, New Jersey 


Two cases are presented to highlight ureteral injury during laparoscopy-assisted vaginal 
hysterectomy with the endoscopic linear stapler. 


Evaluation of maternal fluid dynamics during tocolytic therapy with 758 
ritodrine hydrochloride and magnesium sulfate 

B. Anthony Armson, MD, Philip Samuels, MD, Frank Miller, MD, Joseph Verbalis, MD, 

and Elliott K. Main, MD 

Philadelphia and Pittsburgh, Pennsylvania 


Sodium retention appears to be the primary cause of plasma volume expansion in 
ritodrine-treated patients, whereas volume expansion observed during magnesium sulfate 
therapy is probably related to intravenous overhydration. 


Placental insufficiency as a possible cause of low maternal serum 766 
human chorionic gonadotropin and low maternal serum unconjugated 

estriol levels in triploidy 

Moshe Fejgin, MD, Aliza Amiel, PhD, Shmuel Goldberger, MD, Inbal Barnes, MSc, 

Tamar Zer, PhD, and Gertrude Kohn, MD 

Kfar Saba and Jerusalem, Israel 


Placental insufficiency is suggested as the cause for the finding of very low maternal serum 
human chorionic gonadotropin and low maternal unconjugated estriol levels in triploidy. 


Computed tomography: Does it really improve the treatment of 768 
cervical carcinoma? 
David H. Moore, MD, Deborah J. Dotters, MD, and Wesley C. Fowler, Jr., MD 


Chapel Hill, North Carolina 


Computed tomography does not improve the treatment of cervical cancer. 


The ranges of insulin response and glucose tolerance in lean, normal, fiz 
and obese women during pregnancy 

George Farmer, MD, Douglas R. Hamilton-Nicol, MD, ChB, Hamish W. Sutherland, MB, ChB, 

Ian S. Ross, MB, ChB, George Russell, MB, ChB, and Donald W.M. Pearson, MB, ChB 

Aberdeen, Scotland 


There is a continuum of glucose tolerance in pregnancy; glucose intolerance is related to 
insufficient insulin secretion and becomes evident particularly when obesity increases insulin 


resistance. 
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Obstetric outcome of in vitro fertilization pregnancies compared with 
normally conceived pregnancies 


Seang-Lin Tan, MD, Patricia Doyle, PhD, Stuart Campbell, MD, Valerie Beral, MD, 
Botros Rizk, MD, Peter Brinsden, MD, Bridgett Mason, MD, and Robert G. Edwards, PhD 
London and Cambridge, England 


Most in vitro fertilization pregnancies have satisfactory obstetric outcomes as compared with 
controls; the major adverse outcome of in vitro fertilization is the transfer of several embryos, 
resulting in multiple pregnancy. 


Effects of short-term thermal stress on plasma catecholamine 
concentrations and plasma renin activity in pregnant and nonpregnant 
women 


K. Kalevi Vähä-Eskeli, MD, Risto U. Erkkola, MD, Mika Scheinin, MD, and Asko Seppänen, MD 


Turku, Finland 


Thermally induced increase in plasma norepinephrine concentration is not affected by 
pregnancy, whereas the plasma renin activity response is blunted in late pregnancy. 


Four ovarian cancers diagnosed during laparoscopic management of 
1011 women with adnexal masses 


Farr Nezhat, MD, Camran Nezhat, MD, Charles E. Welander, MD, and Benedict Benigno, MD 
Macon and Atlanta, Georgia 


In 1011 laparoscopies performed in premenopausal women for evaluation of a known adnexal 
mass, four ovarian cancers were detected and the prognoses were not altered. 


BASIC SCIENCE SECTION 


The effects of nifedipine on pregnancy outcome and morphology of 
the placenta, uterus, and cervix during late pregnancy in the rat 
Joann Richichi, DO, and Peter Vasilenko, PhD 

Camden, New Jersey 


Histologic changes in uterine musculature and cervical collagen fibers and increased placental 
vascularization, without adverse fetal outcome, support the long-term use of nifedipine during 
pregnancy. 


Interactive effects of volatile anesthetics, verapamil, and ryanodine on 
contractility and calcium homeostasis of isolated pregnant rat 
myometrium 


Adam Laszlo, MD, PhD, Nediljka Buljubasic, MD, Bela Zsolnai, MD, DMSc, 
John P. Kampine, MD, PhD, and Zeljko J. Bosnjak, PhD 
Milwaukee, Wisconsin, and Budapest, Hungary 


This study characterizes the interactive effects of volatile anesthetics, verapamil, and 
ryanodine on contractile activity and calcium homeostasis of isolated pregnant rat 
myometrium. 
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Platelet-activating factor antagonists decrease lung protein leak in 810 
preterm ventilated rabbits 
Bannie L. Tabor, MD, James F. Lewis, MD, Machiko Ikegami, MD, PhD, and Alan H. Jobe, MD, PhD 


Torrance, California 


Platelet-activating factor may play a role in neonatal respiratory distress syndrome. 


Tumor necrosis factor-a selectively stimulates prostaglandin F2, 815 
production by macrophages in human term decidua 


Errol R. Norwitz, MD, Andrés Lopez Bernal, MD, DPhil, and Phyllis M. Starkey, MA, PhD 
Oxford, England 


Tumor necrosis factor-a stimulates prostaglandin F>, production by human term decidua] 
cells; using flow cytometrically purified cell populations we demonstrated that the stimulation 
was specific for decidual macrophages. 


Physiologic baroreceptor activity in the fetal lamb 820 
Akihiko Wakatsuki, MD, Yuji Murata, MD, Yuko Ninomiya, MD, Naoki Masaoka, MD, 

James G. Tyner, and Krishna K. Kutty 

Orange, California 


Fetal baroreceptor activity increased during the high-voltage, slow activity electrocortical 
behavioral state, decreased during low-voltage fast activity, and declined with advancing 


gestational age. 


Estrogen-induced uterine vasodilatation is antagonized by 828 
L-nitroarginine methyl ester, an inhibitor of nitric oxide synthesis 


George A. Van Buren, MD, Da-seng Yang, MD, and Kenneth E. Clark, PhD 
Cincinnati, Ohio 


Estrogen-induced increases in uterine blood flow can be significantly antagonized by the nitric 
oxide synthetase inhibitor L-nitroarginine methyl ester. 


Urinary and cardiovascular responses to indomethacin infusion in the 834 
ovine fetus 
Martin P.R. Walker, BM, BS, Thomas R. Moore, MD, and Robert A. Brace, PhD 


San Diego, California 


A 5-hour indomethacin infusion in the ovine fetus caused an elevated urinary output, as well 


as increases in fetal arterial pressure, venous pressure, and heart rate. 


Additivity of protein deficiency and carbon monoxide on placental 843 
carboxyhemoglobin in mice 
Jarnail Singh, PhD, Cassandra B. Smith, BS, and Linda Moore-Cheatum, BS 


Tuscaloosa, Alabama 


Gestational protein deficiency enhanced placental carboxyhemoglobin in mice exposed to 


carbon monoxide. 
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Terbutaline does not improve lung function in preterm rabbits 847 
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be accepted, especially if tables and figures are included. The average manuscript of 2000 words 


of text with abstract, 3 tables with captions, 2 figures with legends, and references makes a 
5.7-page article in the JOURNAL. The 2000 words of text alone makes approximately 8 pages 
of manuscript typed double-spaced with the required 1-inch margins (approximately 250 words 
per page). A table or figure that occupies both columns of half a JOURNAL page is equivalent 
to approximately 500 words in manuscript. Thus, if a greater number of illustrations and tables 
is used, the length of the text should be adjusted accordingly. 





Council of Biology Editors Style Manual or the AMA’s 
Manual of Style. Abbreviations in the title are not accept- 
able. They should be avoided, if possible, in the abstract. In 
the text they should be kept to a practical minimum. The 
full term for which an abbreviation stands should precede 
its first use in the text unless it is a standard unit of mea- 
surement. 

Either the generic, chemical, or proprietary names of 
drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the name 
of the manufacturer and city and state. 

Regular articles are customarily organized into the 
following sections: an introduction and headings that 
identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 
rationale for the study and cite only the most pertinent 
references as background. 

In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to repeat the 
study) the plan, the patients, experimental animals or other 
species, material, and controls, the methods and procedures 
utilized, and the statistical method(s) employed. 

In the Results section present the detailed findings. In- 
clude mentions of all tables and/or figures. Figures and 
tables should supplement, not duplicate, the text; presen- 
tation of data in either one or the other will suffice. Em- 
phasize only your important observations; do not compare 
your observations with those of others. Such comparisons 
and comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgments. Acknowledge only persons who 
have made substantive contributions to the study. 

References. A reasonable number (25) is allowed, ex- 
cept in case reports and brief communications (limited to 2) 
and in manuscripts for the Current Development section 
(for which there is no limit). Number references consecu- 
tively in the order in which they are mentioned in the text. 
Use the format of the “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals” (Vancouver 
style) (N Engl J Med 1991;324:424-8). Journal titles 
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should conform to abbreviations used in Cumulated Index 
Medicus. 


Examples (if six or fewer authors, list all; if seven or 
more authors, list three then et al.): 


JOURNAL: Flamm BL, Dunnett C, Fischermann E, Quil- 
ligan EJ. Vaginal delivery following cesarean section: use 
of oxytocin augmentation and epidural anesthesia with 
internal tocodynamic and internal fetal monitoring. AM 
J OBSTET GYNECOL 1984;148:759-63. 


Books: Ledger WJ. Dystocia and prolonged labor. In: 
Wilson JR, Carrington ER, eds. Obstetrics and gynecol- 
ogy. St. Louis: CV Mosby, 1987 vol 8:474-93. 


Personal communications and unpublished data, if 
essential, may be used but not as numbered references. If 
they are used, they are to be referred to, within parenthe- 
ses, at the appropriate location in the text. If used, the 
author(s) must obtain written and signed permission for 
their use from the individual being quoted. This signed 
permission must accompany the manuscript when it is 
submitted to the Editor. Published abstracts can be used as 
numbered references; however, reference to the complete 
published article is preferred. 

Figures. The term figure includes all types of illustra- 
tions such as graphs, diagrams, photographs, flow charts, 
and line drawings. A reasonable number of figures will be 
reproduced without charge, but special arrangements must 
be made with the Editors for color figures at an additional 
charge to the author. The quoted charge is per page of color, 
and as many as eight color figures can be included on one 
page if the color balance is appropriate. 

Figures must be cited consecutively in the text in Arabic 
numerals and identified with a gummed label on the back 
of the figure with author(s) name(s), title of article, figure 
number, and top marked clearly. Consistency in size within 
the article is strongly preferred. Any special instructions 
regarding sizing should be clearly noted. Do not use paper 
clips or mar the surface of figures in any way. Figures will 
be returned only on request by the author. 

For black-and-white figures, submit three sets of 3 X 4 
inch (minimum) to 5X 7 inch (maximum) unmounted, 
glossy prints. All lettering must be done with commercially 
available paste-on letters (or numbers) or by a professional; 
typed or freehand lettering is not acceptable. All lettering 
must be in proportion to the drawing, graph, or photograph. 
Original drawings, appropriately done in black India ink, 
roentgenograms, and other material must be submitted 
as glossy prints with good black-and-white contrast. 


For color figures submit original transparencies and two 
sets of unmounted prints on glossy (smooth surface) paper. 
Polaroid prints are not acceptable. Color transparencies 
must have a color balance (consistency in lighting and film 
speed) that is acceptable to the author and Editors before 
acceptance for publication. Please note that 35 mm trans- 
parencies are enlarged to twice their original size. If it is 
important to deviate from this standard, please so indicate 
when the material is submitted. The top, first author’s last 
name, and figure number must be indicated on the front of 
each transparency and the back of each print. 

Computer-generated figures must be legible and clearly 
printed in jet black ink on heavy coated paper with either 
a glossy or dull finish. Any patterns or shadings must be 
dark enough for reproduction and must be distinguishable 
from each other. Lines, symbols, and letters should be both 
smooth and complete. The legend should not appear on the 
figure. On the back of each figure the name of the first 
author and the figure number should be given and the top 
indicated. Three original individual laser or plotter prints 
are to be submitted unmounted with the manuscript. Laser 
prints should be full size at 300 dots per inch (DPI) or 
greater full-page resolution; multiple illustrations on a page 
cannot be accepted. Dot matrix prints and photographic 
halftones are not acceptable. Color figures are acceptable, 
but special arrangements must be made with the Editors. 
The colors used must be dark enough and of sufficient 
contrast for reproduction. With the exception of fluorescent 
colors, all colors can be reproduced in four-color figures. The 
preparation and submitting of color prints should fol- 
low the preceding guidelines for black-and-white computer- 
generated illustrations. 

Legends to figures. Legends for all figures must be 
typed together in numeric order double-spaced on one sheet 
of paper (or more if necessary) separate from the text of the 
manuscript. This page must be numbered in sequence after 
the references. Titles should be included in the legend, not 
on the print. Original magnifications should be provided. If 
a figure has been taken from copyrighted material, the 
legend must give full credit to the original source. 

Tables. Tables should be typed on separate sheets of 
paper, one table to a page, and included at the end of the 
text. They should be numbered in Roman numerals. Each 
table must be cited in sequence at an appropriate point in 
the text. Titles should be brief yet indicate clearly the pur- 
pose or content of each table, and each column should be 
precisely defined by headings. Abbreviations and special 
designations should be explained in a footnote to the table. 
If a table or any part thereof has been taken from copy- 
righted material, a footnote to the table must give full credit 
to the original source. Arrangements must be made with the 
Editors for elaborate tables because of space limitations. 

Permissions. Direct quotations, tables, or figures that 
have appeared in copyrighted material must be accompa- 
nied by written permission for their use from the copyright 
owner and original author along with complete reference 
information. Photographs of identifiable persons must be 
accompanied by signed releases. If not, all recognizable 
features must be masked. 

Requirements for certain types of manuscripts 

Case reports and brief clinical and basic science 
communications. Limit of 700 words, 2 references. In- 
clude standard abstract format, of 50 words maximum, 3 to 
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5 key words/phrases for indexing purposes, and short title. 
If tables and/or figures are used, an equivalent number of 
words must be deducted from the total (see “Estimating 
Length of Manuscript”). 

Clinical Opinion. Limit of 3000 words. Include stan- 
dard abstract format of 50 to 150 words, 3 to 5 key words/ 
phrases, and short title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
standard abstract format of 50 to 150 words, 3 to 5 key 
words/phrases, and short title. Submit to Dr. Zuspan. 

Letters to the Editors. Letters to the Editors must be 
submitted in duplicate, typed double-spaced, and the text of 
the manuscript must be limited to a maximum of 400 words 
(excluding references, name[s] and address[es] of the sign- 
er[s], and the phrase “To the Editors”). The submitted 
Letter to the Editors must be accompanied by a signed 
copyright statement. If there are two or more signers of the 
Letter to the Editors, one of the authors may sign the 
copyright statement but must add to the statement the 
following: “I sign for and accept responsibility for releasing 
this letter on behalf of any and all cosigners.” These re- 
quirements apply to all types of Letters to the Editors. 
Letters should be sent to Dr. Zuspan. 

Two types of letters will be considered for publication. (1) 
A Letter to the Editors commenting on an article that has 
appeared in the JOURNAL should be brief and directly re- 
lated to the published article. The editorial staff reserves the 
right to shorten letters if necessary and to make minor 
editorial alterations without reference to the writer. Letters 
may be published together with a reply from the original 
author. If the original author does not respond, a notation 
indicating “Response declined” will be published. As space 
for letters is limited, only a selection of letters submitted 
may be published. (2) A brief case presentation or a short 
report of a pertinent observation in the form of a Letter to 
the Editors will be considered for publication. 

Announcements. Announcements of major meetings 
and other significant activities must be received at least 8 
weeks before the desired month of publication. All an- 
nouncements carry a charge of $60 U.S., and the fee must 
accompany the request to publish. Information will be lim- 
ited to title of meeting, date, place, and an address to obtain 
further information. Send announcements and payment, 
payable to this JOURNAL, to Kay G. Goehler, Senior Manu- 
script Editor, Journal Editing, Mosby—Year Book, Inc., 
11830 Westline Industrial Drive, St. Louis, MO 63146- 
3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Zuspan. No books will be re- 
turned. 

Reprints 

The corresponding author will receive a price schedule 
and order form at the time of publication. Reprints in 
quantities must be ordered from the Publisher with the 
author’s consent. 

Business communications 

Communications of a business nature and all advertising 
communications should be addressed to: Journal Publisher, 
Mosby-—Year Book, Inc., 11830 Westline Industrial Drive, 
St. Louis, MO 63146-3318, or call Journal Advertising 
Production Manager (1-800-325-4177, ext. 4306, or 314- 
453-4306). 


CHECKLIST AND COPYRIGHT STATEMENT 


Both the checklist and the copyright statement forms must be completed and sent with each 
submitted manuscript. If not completed, these forms will be returned to the author for com- 


pletion. 


These items appear in each monthly issue of the JOURNAL. A photocopy may be used. An 
exposition of the requirements given in the checklist is in the Information for Authors, which 


is published in each issue of the JOURNAL. 


CHECKLIST 


General 

—The original and two copies of the manuscript are sub- 
mitted. 

—The completed checklist is enclosed. The assignment of 
copyright signed by all authors accompanies the manu- 
script. 

—Human experimentation has been approved by the local 
institution as stated in the Material and Methods section. 

—Guidelines for the care and use of nonhuman animals or 
other species approved by the institution have been fol- 
lowed as indicated in the Material and Methods section. 
The species is named in the title, abstract, key words, and 
Material and Methods section. 

—The covering letter with essential information is with the 
manuscript. 

—All elements of the manuscript are typed in English dou- 
ble-spaced on bond paper with l-inch margins at top, 
bottom, and sides. 

—A\|l pages are numbered in the following order: title page, 
condensation, structured or standard abstract, body of 
the text, acknowledgments only of persons who have 
made substantive contributions to the study, references, 
legends, and tables. 

—Signed, written permission from both the copyright 
holder and the original author for the use of tables, fig- 
ures, or quotations previously published and their com- 
plete references are enclosed with the manuscript. 

—Signed, written permission for the use of quotations of 
personal communications and unpublished data has been 
obtained from the person(s) being quoted and is enclosed. 


Authorship 

—In the covering letter that accompanies the submitted 
manuscript I/we have confirmed that all authors fulfilled 
both conditions required for authorship. 


Conflict of interest 

—In the covering letter that accompanies the submitted 
manuscript the commercial association of the author or 
of any coauthors that might pose a conflict of interest is 
described. 


Previous publications 

—Enclosed with the submitted manuscript are two reprints 
each of articles the author and/or some of the coauthors 
have previously published, have submitted for possible 
publication, or have in manuscript form dealing with 
same patients, same animals, same laboratory experi- 
ment, or same data, in part or in full, as those reported 
in the submitted manuscript. Further explanation is pro- 
vided in the covering letter that accompanies the sub- 
mitted manuscript. 

—Similarities, differences and explanation are provided in 
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the covering letter that accompanies the submitted 
manuscript. 


Reviewers 
—Names and addresses of three suggested reviewers are 
enclosed. 


Title page 

—These elements are given in the following sequence, and 
are typed double-spaced. 

—Title. 

—Author(s) name(s) and highest academic degree(s) are 
shown. 

—City(ies), state(s), and country other than United States 
in which the study was conducted are given. 

—The name(s) of the institution(s) section(s), division(s), 
department(s) in which the study was performed is pro- 
vided and the institutional affiliation(s) of the author(s) 
at the time of the study is indicated. 

—Acknowledgment of financial support is cited. 

—Name, address, business and home telephone numbers, 
and fax number of author to whom requests for reprints 
are to be sent are included. 

—If reprints will not be available, this has been stated on 
the title page. 

—If the corresponding author is different from the author 
to whom reprint requests are to be sent, his/her name, 
address, business and home telephone numbers, and fax 
number have been added. 

—At the bottom of the page, a running head not exceed- 
ing 52 characters (including word spaces) has been typed. 


Condensation 

—On a separate sheet of paper, page 2 of the manuscript, 
a single sentence limited to 25 words delineating the 
essential point(s) is typed double-spaced. 


Abstract and key words or short phrases 

—The abstract (structured or standard format) is typed 
double-spaced with required margins on page 3 headed 
by the title and author(s) name(s). Beneath the abstract 
3 to 5 key words or short phrases are typed. 

—A structured abstract, with 150 words or less, is submit- 
ted as required for regular articles and society regular- 
type articles. The abstract contains the four required 
major headings: Objective(s), Study Design, Results, 
and Conclusion(s), each with a brief adequate presen- 
tation. 

—A standard abstract is submitted as required for Clinical 
Opinion and Current Development articles with 50 to 150 
words and for case reports and brief communications 
articles with a maximum of 50 words, be they indepen- 
dent or society articles. 


References 

—Are typed double-spaced. 

—Are numbered consecutively in the order they are cited 
in the text. 

—The format of the “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals” is used. Ex- 
amples shown in Information for Authors have been fol- 
lowed. 

—Personal communications and unpublished observations 
are not used as numbered references but are mentioned 
in the text with the written approval of the person being 
quoted. The signed approval is enclosed. 


Figures 

—Each is numbered with an Arabic numeral and cited in 
numeric sequence in the text. 

— Three sets of unmounted glossy prints for black-and- 
white figures are submitted, properly numbered, labeled, 
and top indicated on the back of each print. 


—Three sets of original computer-generated figures printed 
on heavy coated paper with either a glossy or dull finish, 
unmounted, each one on a page, and properly labeled on 
the back and top indicated are submitted. None are dot 
matrix or photographic prints. 

—Original transparencies of color photographs appropri- 
ately numbered and identified and top indicated are sub- 
mitted along with two sets of unmounted prints on glossy 
paper, numbered and identified on the back. 


Figure legends 

—Are provided for each figure. 

—Are numbered and typed together in numeric order on 
one sheet of paper (more if necessary). The page is num- 
bered in sequence after the References page(s). 


Tables 

—Each table headed by a title and numbered in Ro- 
man numerals is typed double-spaced on a separate page. 

—Tables are cited in numeric sequence in the text. 
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Clinical Opinion 


Indirect blood pressure measurement in pregnancy: Korotkoff 


phase 4 versus phase 5 


Agnes R. Johenning, MD, and William M. Barron, MD 


Chicago, Illinois 


Controversy exists regarding which Korotkoff phase should be used to estimate diastolic blood pressure 
during pregnancy, some authorities recommending phase 5 (disappearance of sounds) and others 
suggesting phase 4 (muffling). Available data indicate that Korotkoff phase 5 more closely approximates 
true intraarterial diastolic pressure in pregnant women. Nonetheless, it has been suggested that phase 5 is 
unmeasurable in a significant number of gravid women, making this end point less desirable. However, 
studies examining this issue indicate that Korotkoff phase 5 is determinable in more than 90% of gravid 
women and that the incidence of an indeterminable phase 4 is at least as great as that for phase 5. 
Moreover, there appears to be greater observer variability in the measurement of phase 4 compared with 
phase 5. We conclude that available evidence supports recommendations for the use of Korotkoff phase 5 
as the preferred end point to estimate diastolic blood pressure during pregnancy. In those few patients 
having very low or indeterminate phase 5 determinations, both phase 4 and phase 5 should be recorded 
and the former used to guide patient management. An alternative strategy is to record both phases in all 
gravid women beginning at the first prenatal visit so that baseline phase 4 values are available in the 
event that phase 5 becomes indeterminate. (Am J OBsTeT GYNECOL 1992;167:577-80.) 


Key words: Blood pressure, Korotkoff phases, blood pressure during pregnancy 


Blood pressure measurement is a fundamental com- 
ponent of prenatal care, being routinely measured at 
each visit. This is performed primarily to detect and 
monitor the hypertensive disorders of gestation, dis- 
eases that constitute a major threat to maternal and 
fetal well-being. Currently, the diagnosis and treatment 
of hypertension in pregnancy in both routine clinical 
and investigative settings are based primarily on levels 
of diastolic blood pressure determined indirectly by 
sphygmomanometry. As a consequence, which Korot- 
koff phase is used to estimate diastolic pressure be- 
comes a critical issue. 

Although standardization of technique is an essential 
component of blood pressure measurement, there re- 
mains considerable controversy concerning whether 
Korotkoff phase 4 (muffling of sounds) or phase 5 (dis- 
appearance of sounds) is the preferable estimate of 
diastolic pressure during pregnancy, and this has led 
to divergent recommendations and widespread use of 
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both measurements. For example, in a recently issued 
National Institutes of Health Working Group report’ 
diastolic pressure is defined as the onset of Korotkoff 
phase 5. On the basis of their review of the literature 
authors of this article concluded that Korotkoff 5 may 
more accurately reflect intraarterial diastolic pressure 
and that Korotkoff phase 4 is more difficult to identify 
and subject to greater observer variability. However, 
this group did recognize that in some women muffled 
sounds are heard to 0 (absent Korotkoff phase 5) and 
advised use of Korotkoff phase 4 in these instances. It 
was further noted that it would be prudent to record 
both phase 4 and phase 5 in all patients throughout 
pregnancy starting at the first prenatal visit to help 
ensure that no information would be lost and that subtle 
changes in blood pressure would be detected. In con- 
trast, the British Hypertension Society and a Working 
Party of the World Health Organization have endorsed 
the use of Korotkoff phase 4 during pregnancy,*” rea- 
soning that it is less complicated to record Korotkoff 
phase 4 in all gravid women than to use Korotkoff 
phase 5 in most and phase 4 in others.’ Further high- 
lighting this controversy are two recent reports that, 
contrary to recommendations of the British Hyperten- 
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sion society, 42% to 53% of English obstetric staff and 
midwives use Korotkoff phase 5.®7 


Accuracy of indirect measurements 


This controversy reflects debate over several issues, 
the first concerning whether Korotkoff phase 4 or 
phase 5 more accurately estimates intraarterial diastolic 
pressure. Raftery and Ward’? compared brachioaxillary 
intraarterial pressures with those taken by means of a 
London School of Hygiene sphygmomanometer in 50 
pregnant women hospitalized for elevated blood pres- 
sure or urinary tract infections. They found Korotkoff 
phase 4 and 5 to overestimate intraarterial diastolic 
pressure by 11 and 7 mm Hg, respectively. Ginsburg 
and Duncan’ compared Korotkoff phase 4 measure- 
ments obtained with a standard mercury sphygmo- 
manometer with brachial intraarterial pressures. They 
reported that Korotkoff phase 4 measurements aver- 
aged 13 to 15 mm Hg higher than intraarterial pres- 
sures in both normotensive and hypertensive gravid 
women, observations very similar to those in a later 
study by Wallenburg.'® Most recently, Blank et al.'’ com- 
pared standard sphygmomanometric measurements of 
diastolic blood pressure with those determined by wide- 
band external pulse recording (K2 analysis), a nonin- 
vasive technique that compares favorably with intra- 
arterial determinations.” Preliminary results on 24 
gravid women demonstrated that Korotkoff phase 4 
and phase 5 averaged 8 and 2 mm Hg higher, respec- 
tively, than measurements made by the external pulse 
recording. Finally, in contrast to the four studies 
cited,*'' Milsom et al.'* reported that intrabrachial di- 
astolic pressures averaged 4 to 7 mm Hg higher than 
values determined by either standard sphygmomanom- 
etry (phase 4) or an automatic microcomputer- 
assisted instrument (Dinamap). Thus the majority of 
available data indicate that during pregnancy Korot- 
koff phase 5 is a more accurate estimate of intraarterial 
diastolic pressure than is Korotkoff phase 4. 


Determinability of Korotkoff phases 4 and 5 


Considerations of accuracy aside, those recommend- 
ing use of Korotkoff phase 4 contend that Korotkoff 
phase 5 measurements occur at or near 0 in a sufficient 
number of pregnant women*®* "t (because of the hy- 
perkinetic circulatory changes of pregnancy) to create 
a problem with its use. This position, however, appears 
to be based on few direct data. For example, Mac- 
Gillivray et al.,'* who performed one of the largest serial 
studies of indirect blood pressure measurement in 
pregnancy, measuring blood pressure in 226 gravid 
women, noted that a large number of Korotkoff phase 
5 measurements were recorded at very low and 0 val- 
ues. Unfortunately, the data supporting these state- 
ments were not presented. In fact, until recently there 
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have been few reports of studies designed to assess the 
frequency of absence of Korotkoff phase 5 in pregnant 
women. Wichman and Ryden” made serial indirect de- 
terminations of blood pressure in 24 gravid women in 
the lateral, recumbent, supine, and standing positions. 
Korotkoff phase 5 was absent in 7% of measurements 
(17/248); however, what percentage of subjects this 
represented was not stated. Furthermore, the relevance 
of these data to measurements taken in the sitting po- 
sition (that most commonly used in clinical practice) is 
unclear. In a preliminary communication, Blank et al.” 
reported that Korotkoff phase 5 was detectable in 96% 
of 24 pregnant subjects. Clark et al.'° studied 30 gravid 
women and detected the presence of a separate fourth 
and fifth phase in 93% of measurements (167/180), 
although again the number of subjects this represented 
was unclear. 

Most recently, Perry et al.,'” '* who determined blood 
pressure in 197 gravid women, found no instances 
where Korotkoff phase 5 measured 0, data in agree- 
ment with those of Brown and Whitworth" who studied 
50 pregnant subjects. In summary, although some 
maintain that Korotkoff phase 5 is heard at very low 
(nonphysiologic) values or does not occur at all in a 
significant number of pregnant women, there are few 
data supporting this view. Rather, available evidence 
indicates that disappearance of sounds can be detected 
in >90% of pregnant women. 


Difference between Korotkoff phases 4 and 5 


Another aspect of this controversy concerns the dif- 
ference between Korotkoff phases 4 and 5; that is, how 
far apart they are. This is important because if phase 
4 values are significantly higher than those for phase 
5, use of the former may result in many women being 
erroneously categorized as having and/or treated for 
elevated blood pressure. Studies comparing differences 
between Korotkoff phase 4 and 5 values in pregnant 
women report mean differences of 4.5 mm Hg,’ 6.2 
mm Hg, 10 mm Hg,” and 12.5 mm Hg. Perry et 
al.” reported the median gap between Korotkoff phase 
4 and 5 in pregnant women to be 2.7 mm Hg, a value 
considerably lower than the median difference of 5 mm 
Hg reported by Brown and Whitworth.'” More detailed 
analysis of the distribution of these differences reveals 
that 16% to 36% of subjects have phase 4 to phase 5 
differences of 6 to 10 mm Hg whereas the discrepancy 
is reported to exceed 10 mm Hg in 5% to 18%.'"'""° 
Thus, although the precise quantitative relationship be- 
tween Korotkoff phases 4 and 5 remains uncertain, 
phase 4 appears to be sufficiently higher than phase 5 
often enough to raise concern that use of phase 4 will 
result in misclassification of a significant number of 
gravid women as hypertensive. Finally, it is worth noth- 
ing that most of the studies mentioned were cross-sec- 
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tional in design, and therefore the precise effect of 
gestational age on the difference between Korotkoff 
phases 4 and 5 remains to be determined. 

As noted previously, several authors have raised con- 
cern about the ability to detect phase 5 during preg- 
nancy; however, little attention has been given to the 
determinability of phase 4. Hense et al.,” studying 1163 
nonpregnant women, reported that muffling of sounds 
was detectable in only 57.9% of subjects. Furthermore, 
the 13 observers measuring blood pressure in this study 
demonstrated wide variation in their ability to detect 
Korotkoff phase 4, ranging from 10.2% to 78.8%. If 
these observations are similar during pregnancy, then 
arguments favoring use of Korotkoff phase 4 in gravid 
patients would be less tenable. Villar et al.*' reported 
that Korotkoff phase 4 was audible as the point of muf- 
fling in 83% of 100 determinations and in 13% as the 
point of sound change. The use of two auditory end 
points in this study underscores one methodologic dif- 
ficulty with use of Korotkoff phase 4, that is, standard- 
ization of end point. In agreement with the findings of 
Villar et al.,?' Clark et al.'® were able to detect a separate 
fourth and fifth phase in 93% of measurements 
(167/180) made on 30 gravid women. In contrast, using 
two observers Blank et al.'’ recorded 228 blood pres- 
sure determinations in 24 pregnant subjects; Korotkoff 
phase 4 was detectable 53% of the time by one observer 
and 51% of the time by the second observer. Most re- 
cently, Perry et al.” reported that muffling of sounds 
was deteciable in 76% of pregnant women (150/197), 
results in close agreement with those of Brown and 
Whitworth,” who were able to record a fourth phase 
in 78% of gravid women (38/50). It is of interest that 
authors of other large studies of indirect blood pressure 
measurement in gestation do not quantify the fre- 
quency of indeterminable phase 4 measurements." ~ 
In summary, there is considerable discrepancy among 
published studies concerning how often muffling of 
Korotkoff sounds can be detected in pregnant women; 
however, it appears to be indeterminable at least as 
often as is the disappearance of sounds. 


Observer variability 


Reasons for reported differences concerning how of- 
ten phase 4 can be determined may be a reflection of 
inherent difficulty in hearing the muffling of sounds, 
as well as the problem of observer variability. The latter 
is acomplex and significant problem not only for those 
conducting studies concerning blood pressure but even 
more so in the typical clinical setting where multiple 
observers record arterial pressure, often with inade- 
quate attention to technical aspects of measurement. 
The lack of attention to the details of recommended 
techniques for measuring blood pressure in clinical 
practice has been pointed out by both Perry et al.° and 
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Bisson et al.” Their surveys revealed that respondents 
frequently rounded off measurements to the nearest 5 
or 10 mm Hg, rarely used a large blood pressure cuff, 
and had poor knowledge as to what the current rec- 
ommendations were. Villar et al.” noted poor agree- 
ment between blood pressure measurements taken by 
clinic staff and those recorded by trained research per- 
sonnel and suggested that poor technique, digit pref- 
erence, and observer’s expected value bias on the part 
of the staff contributed to the disparity. 

These considerations highlight the need for rigorous 
attention to measurement methods and imply that tech- 
niques which tend to reduce observer variability are 
advantageous. In this regard Hense et al.,** studying 
nonpregnant subjects, observed such profound ob- 
server variability in the detection of phase 4 that they 
discouraged use of this end point in both clinical and 
epidemiologic settings. Similar data relating to preg- 
nant subjects are minimal; we could find only one 
study in which data concerning interobserver vari- 
ability for both Korotkoff phase 4 and phase 5 was 
reported in detail. In this investigation mean differ- 
ences between measurements made simultaneously by 
two observers on the same subjects were 1.2 + 2.5 and 
0.04 + 2.6 mm Hg for Korotkoff phases 4 and 5, re- 
spectively; only the difference for Korotkoff phase 4 
was statistically significant. Thus observations in both 
nonpregnant and gravid populations suggest that mea- 
surement of Korotkoff phase 4 is subject to greater 
observer variability than is measurement of phase 5. 


Other issues 


An additional issue raised by some is that a large 
majority of published epidemiologic studies and treat- 
ment trials have used Korotkoff phase 4 and a change 
to phase 5 would create confusion in interpreting and 
using these results in the clinical setting. We reviewed 
methods used in 49 studies of hypertension in preg- 
nancy and found that Korotkoff phase 4 was used in 
20, phase 5 in 11, and one large epidemiologic inves- 
tigation permitted recording of either phase.” Of con- 
siderable concern was our finding that in 37% (18/49) 
no mention was made of which Korotkoff phase was 
used to determine diastolic pressure. Such observations 
do not support the notion that historic precedent 
strongly favors use of Korotkoff phase 4. 

Finally, we note that authorities in both the United 
States’ and Great Britain’ recommend use of phase 5 
in nonpregnant subjects. Thus in clinical settings where 
the same personnel measure blood pressure in both 
pregnant and nonpregnant patients (a common occur- 
rence) it would seem less confusing to use the same 
Korotkoff sound (i.e., phase 5) for all. Indeed, use of 
Korotkoff phase 5 on most (nonpregnant) patients and 
phase 4 on the minority (pregnant women) would in- 
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troduce yet another factor leading to more observer 
variability and error in measurement. In addition, in- 
vestigations in which women are studied both during 
and after (or before) pregnancy would be method- 
ologically more consistent if a single Korotkoff phase 
were used throughout. 


Comment 


The ongoing controversy regarding which Korotkoff 
phase is the best estimate of diastolic pressure in ges- 
tation revolves around several issues, including how 
often disappearance of sounds occurs at very low or 0 
values, how frequently muffling of sounds is indeter- 
minable, the extent of observer variability in the mea- 
surement of each phase, and the interval between Ko- 
rotkoff phases 4 and 5. Although reported data are not 
definitive on several of these points, a summary of avail- 
able evidence concerning pregnancy indicates the fol- 
lowing: (1) Korotkoff phase 5 more accurately estimates 
true intraarterial diastolic blood pressure. (2) Korotkoff 
phase 5 is indeterminable (i.e., sounds audible to 0) in 
<10% of gravid women. (3) There is wide disparity in 
the reported frequency with which Korotkoff phase 4 
is indeterminable; however, the occurrence is at least 
as frequent as that for phase 5. (4) Measurement of 
Korotkoff phase 4 appears to be accompanied by more 
observer variability than is phase 5. (5) Phase 4 levels 
appear to exceed those of phase 5 by a clinically sig- 
nificant amount, and hence use of the former may lead 
to inappropriate characterization of a meaningful num- 
ber of gravid women as hypertensive. Taken together, 
these data support conclusions of the National Insti- 
tutes of Health Working Group Report' that Korotkoff 
phase 5 (i.e., disappearance of sounds) is the preferable 
definition of diastolic blood pressure determined in- 
directly by sphygmomanometry. In those few patients 
having very low or indeterminate phase 5 determina- 
tions, both phase 4 and phase 5 should be recorded 
and the former used to guide patient management. An 
alternative strategy is to record both phases in all gravid 
women beginning at the first prenatal visit so that base- 
line phase 4 values are available in the event that phase 
5 becomes indeterminate. 

These conclusions notwithstanding, we stress that 
many of the questions addressed in this review remain 
inadequately answered, and hence there is a need for 
considerably more research in this area. Finally, our 
observation that as many as one third of published re- 
ports failed to specify which end point was used to 
define diastolic blood pressure emphasizes the need for 
more attention to methodologic detail in studies con- 
cerning blood pressure in pregnancy. 


REFERENCES 


1. National High Blood Pressure Education Program Work- 
ing Group Report on High Blood Pressure in Pregnancy. 
AM J OBSTET GYNECOL 1990;163:1689-712. 


September 1992 
Am J Obstet Gynecol 


. World Health Organization Study Group. The hyperten- 


sive disorders of pregnancy. Geneva: World Health Or- 
ganization, 1987; WHO technical report series no. 758. 


. Petrie JC, O’Brien ET, Littler WA, de Swiet M. Recom- 


mendations on blood pressure measurement. BM] 
1986;293:611-5. 


. Petrie JC, O’Brien ET, Littler WA, de Swiet M, Padfield 


PL, Dillon MJ. Recommendations on blood pressure man- 
agement. 2nd ed. London: British Medical Association, 
1990. 


. de Swiet M. Blood pressure measurement in pregnancy. 


Br J Obstet Gynaecol 1991;98:239-40. 


. Perry IJ, Wilkinson LS, Shinton RA, Beevers DG. Con- 


flicting views on the measurement of blood pressure in 
pregnancy. Br J Obstet Gynaecol 1991;98:241-3. 


. Bisson DL, MacGillivray I, Thomas P, Stirrat GM. Con- 


flicting views on the measurement of blood pressure in 
pregnancy. Br ] Obstet Gynaecol 1991;98:842-3. 


. Raftery EB, Ward AP. The indirect method of recording 


blood pressure. Cardiovasc Res 1968;2:210-8. 


. Ginsburg J, Duncan S. Direct and indirect blood pressure 


measurement in pregnancy. J Obstet Gynaecol Br Com- 
monw 1969;76:705-10. 


. Wallenburg HCS. Hemodynamics in hypertensive preg- 


nancy. In: Rubin PC, ed. Hypertension in pregnancy. New 
York: Elsevier, 1988:66-101. 


. Blank SG, Helseth GM, Druzin ML, Pickering TG, Laragh 
JH, August P. Disappearance rather than muffling of Ko- 


rotkoff sounds accurately reflects diastolic blood pressure 
in pregnancy [Abstract]. Clin Exp Hypertens [B] 
1991;B10:99. 


. Blank SG, West JE, Muller FB, et al. Wideband external 


pulse recording during cuff deflation: a new technique 
for evaluation of the arterial pressure pulse and mea- 
surement of blood pressure. Circulation 1988;77:1297- 
305. 


. Milsom I, Svahn SO, Forssman L, Sivertsson R. An eval- 


uation of automated indirect blood pressure measure- 
ment during pregnancy. Acta Obstet Gynecol Scand 
1986;65:721-5. 


- MacGillivray I, Rose GA, Rowe B. Blood pressure survey 


in pregnancy. Clin Sci 1969;37:395-407. 


. Wichman K, Ryden G. Blood pressure and renal function 


during normal pregnancy. Acta Obstet Gynecol Scand 
1986;65:561-6. 


. Clark S, Hofmeyr GJ, Coats AJS, Redman CWG. Am- 


bulatory blood pressure monitoring during pregnancy: 
validation of the TM-2420 monitor. Obstet Gynecol 
1991577:152-5. 


. Perry IJ, Stewart BA, Brockwell J, et al. Recording dia- 


stolic blood pressure in pregnancy. BMJ 1990;301:1198. 


. Perry I, Beevers DG, Luesley DM. Recording diastolic 


blood pressure in pregnancy. BMJ 1991;302:179-80. 
Brown MA, Whitworth JA. Recording diastolic blood 
pressure in pregnancy. BMJ 1991;303:120-1. 


. Wichman K, Ryden G, Wichman M. The influence of 


different positions and Korotkoff sounds on the blood 
pressure measurements in pregnancy. Acta Obstet Gy- 
necol Scand 1984;118:25-8. 


. Villar J, Repke J, Markush L, Calvert W, Rhoads G. The 


measuring of blood pressure during pregnancy. AM J OB- 
STET GYNECOL 1989;161:1019-24. 


. Hense HW, Stieber J, Chambless L. Factors associated 


with measured differences between fourth and fifth phase 
diastolic blood pressure. Int J Epidemiol 1986;15:513-8. 


- Wilson M, Morganti AA, Zervoudakis I, et al. Blood pres- 


sure, the renin-aldosterone system and sex steroids 
throughout normal pregnancy. Am J Med 1980;68:97- 
104. 


. Friedman EA, Neff RK. Pregnancy hypertension: a sys- 


tematic evaluation of clinical diagnostic criteria. Littleton, 
Massachusetts: PSG, 1977. 


From Fanny to Fernand: The development of consumerism in 
pain control during the birth process 


Cynthia De Haven Pitcock, PhD, and Richard B. Clark, MD" 


Little Rock, Arkansas 


Obstetric anesthesia has been the object of public interest and patient advocacy from its introduction in the 
1840s to the present. Early arguments concerned the significance of pain in childbearing and became a 
popular issue involving physicians, clergymen, and journalists. The first obstetric anesthesia, ether, given 
in the United States was administered in Cambridge, Massachusetts, in 1847. For the next several 
decades general anesthesia was the only feasible means of relieving labor pain. At the turn of the century 
a combination of scopolamine and morphine was introduced in the United States by a popular women's 
magazine; the National Twilight Sleep Association was launched. After the decline of this movement, the 
“natural” childbirth method came into national prominence. In spite of their differing pharmacologic 
characteristics, there are sociologic parallels between the patient advocacy of Twilight Sleep and that of 
psychoprophylaxis. This study focuses on the public perception of these movements, which were begun by 
physicians and subsequently endorsed by militant lay groups. (Am J OsBsteT GYNECOL 1992;167:581-7.) 


Key words: Psychoprophylaxis, consumerism, pain control, anesthesia, obstetric anesthesia 


Yahweh asked the woman, “What is this you have done?” 
The women replied, “The serpent tempted me and I ate.” 
Yahweh said to the woman, “I will multiply your sorrows 


in childbearing. You shall give birth to your children in suffering... > 


At Craigie House in Cambridge, Massachusetts, on 
the morning of April, 7, 1847, Fanny Appleton Long- 
fellow labored to give birth. Her husband Henry was 
at her side and Dr. Nathan Cooley Keep was in atten- 
dance. Dr. Keep, a prominent physician and the first 
Dean of Dentistry at Harvard, was experienced in the 
administration of “letheon” in dental surgery cases,’ 
but heretofore it had not been attempted in obstetric 
cases in the United States. Henry and Fanny Longfellow 
(Fig. 1) were aware of the experimental nature of this 
innovation, and it was Henry who held the ether- 
soaked handkerchief over his wife’s nose. The result 
was immediately salutary, for Fanny’s pain ceased, her 
labor progressed normally, and she gave birth to a 
healthy baby girl.’ 

Fanny Longfellow’s experience is the first published 
account in the United States of ether analgesia for the 
reduction of pain in childbirth. It is of special interest 
to historians of American medicine because it records 
an opening volley of a long and heated controversy 
over the issue of pain in childbirth. As this controversy 
continued, it involved not only physicians but clergy- 
men, publicists, and eventually patients as well. The 
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increasing influence of patient advocacy is the subject 
of this study. In no other area of medical therapeutics 
have the demands of patients and changing social cus- 
toms had as profound an impact as in the “obstetrick 
art.” Childbearing, viewed historically, has undergone 
several incarnations—as a providentially appointed oc- 
casion to suffer, as a ritualized event in the female com- 
munity, as a highly charged emotional and physical 
brush with death, even as a pathologic condition re- 
quiring medical intervention. At the time of Fanny 
Longfellow’s labor and delivery, a dispute was raging 
in medical circles in Great Britain concerning the phys- 
iologic function and the moral sanctity of pain in the 
birth process. 

An Edinburg physician, James Young Simpson, ad- 
ministered diethyl ether to a patient in labor on Jan. 
19, 1847. Like Dr. Keep at Harvard, Simpson held an 
academic position —the Chair of Midwifery, at the Uni- 
versity of Edinburgh School of Medicine.’ Thus his use 
of anesthesia in obstetrics gained widespread attention. 
Simpson was attacked by leaders of the Church of Scot- 
land who argued that the book of Genesis had ap- 
pointed women to suffer in childbirth as retribution 
for Eve’s transgressions. Simpson became a spokesman 
for the cause of anesthesia in childbirth. He directed 
his pronouncements to the public in an effort to win 
lay support. 

The most powerful opposition to Simpson resounded 
from Philadelphia, from Charles D. Meigs, Professor 
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Fig. 1. Fanny Longfellow. (Photograph of Longfellow National 
Historic Site, Cambridge, Mass., courtesy of the National Park 
Service.) 


and Chairman of the Department of Obstetrics at Jef- 
ferson Medical College. Meigs argued that childbirth 
was a natural process of which pain was an essential 
component.’ There was no doubt in his mind that pain 
served a biologic purpose and to relieve pain was to 
risk interrupting the natural phenomenon of birth. 

Meigs further disagreed with Simpson concerning 
the safety of anesthesia in childbirth. He resisted in- 
tervening with dangerous drugs in a natural process. 
Anesthesia, described by Fanny Longfellow as “the 
greatest blessing of this age,” was, in Meigs’s view, tam- 
pering with a “manifestation of the lite-force.” 

Simpson’s side of the debate acquired a powerful ally 
in Walter Channing, Professor of Obstetrics at Harvard. 
In 1848 Channing’ published a treatise that endorsed 
the use of anesthesia in natural labor. His survey of 46 
physicians in Boston showed that in cases where doctors 
hesitated to administer new agents of pain relief, pa- 
tient demand forced them to do so. Both Channing 
and Simpson seemed to be keenly aware of the impor- 
tance of patient preference. “Obstetricians may oppose 
it (anesthesia), Simpson wrote prophetically, “but I be- 
lieve our patients themselves will force the use of it 
upon the profession.” 

Indeed patient demand became almost at once a ma- 
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jor force in the widespread use of obstetric anesthetic. 
As the dispute between Meigs and Simpson continued 
to rage across the Atlantic, the American Medical As- 
sociation, newly organized, heard a report from the 
Committee on Obstetrics at the 1848 meeting in Bal- 
timore, in which it was reported that in 2000 cases of 
ether or chloroform for obstetric anesthesia no mater- 
nal deaths had resulted. The following year in Boston, 
Dr. Chandler R. Gilman told the AMA membership 
that not only was obstetric anesthesia justifiable but in 
“difficult and instrumental labors” anesthesia “could 
not be rightfully withheld.” 

Still the membership of the AMA was divided; more- 
over, medical literature of the day sent mixed signals 
to the profession.® Maternal deaths caused by the use 
of chloroform or ether did occur. Most physicians, how- 
ever, bewildered by conflicting opinions, administered 
the new agents on demand. 

The popular acceptance of obstetric anesthesia was 
dramatically advanced by Queen Victoria’s endorse- 
ment in 1853. At her eighth delivery she requested 
relief from pain, which was administered to her by a 
court physician, Dr. John Snow. The Queen referred 
to it as “blessed chloroform” and found that it was a 
safe and rational solution to the torture of pregnancy 
and childbirth that so distorted her married life. As a 
bride she had thought of childbirth as “the only thing 
I dread,” and in later life she had confided to her 
daughter that “I had 9 times for 8 months to bear with 
... real misery . . . and I own it tried me sorely.” Queen 
Victoria gave the plight of nineteenth century women 
regarding childbirth high visibility. By 1900, approxi- 
mately 50% of all physician-attended births used ether 
or chloroform. Moreover, the debate over pain as a 
moral component of childbearing had calmed consid- 
erably; patient preference had prevailed, causing Ralph 
Waldo Emerson to comment that “childbirth has lost 
half its terrors.” 

The risks involved in the use of chloroform and 
ether, while eluding the public mind, were investigated 
and discussed by physicians. Five years after the 
Queen’s delivery, Dr. John Snow published a book that 
clearly demonstrated his opinion that chloroform was 
a more dangerous agent than ether.’ The 1870s and 
1880s were a period of risk assessment; in Great Britain 
and Germany ether was often substituted for chloro- 
form in general surgery. In obstetrics, however, chlo- 
roform use was widespread because it was easy to apply 
and its action was rapid. 

The principle of obstetric anesthesia, its risks not- 
withstanding, was almost universally accepted by the 
turn of the century, and as a result experimentation 
followed in many parts of the world. In 1902, von Stein- 
biichel of Gratz, Germany, introduced the combination 
of scopolamine hydrobromide and morphine sulfate, 
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which produced an amnesic-analgesic state and was 
called Démmerschlaf. These newly combined agents re- 
quired the use of the recently developed hypodermic 
syringe.” 

von Steinbtichel’s method was popularized by C.J. 
Gauss in Freiburg, who reported the successful use of 
Démmerschlaf in 500 obstetric cases. As practiced by von 
Steinbiichel, Ddémmerschlaf was considered to be anal- 
gesia rather than anesthesia. To protect the patient's 
amnesic state, Gauss and von Steinbiichel attempted to 
reduce stimuli that might bombard the patient by plac- 
ing her in a darkened, quiet room and instructing the 
staff to be silent in her presence. Otherwise snatches 
of memory or flashbacks of pain might remain in her 
mind. If the method were successful, the patient re- 
membered nothing of her physical ordeal. Gauss” 
claimed to have achieved complete amnesia in 80% of 
his patients at Freiburg. Its popularity spread rapidly 
in Europe, and the widely acclaimed “German method” 
came to the United States as Twilight Sleep. 

Although the technique was attempted by a professor 
of obstetrics at Harvard, Charles Green, and by W.H. 
Knipe of New York,” three American women were re- 
sponsible for galvanizing public opinion in favor of 
Twilight Sleep and for organizing a social movement 
in its behalf. Sidestepping medical literature, Mar- 
guerite Tracy and Constance Leupp published an ar- 
ticle in McClure’s Magazine in 1914 reporting their visit 
to the women’s clinic of Freiburg, Germany. There they 
witnessed safe and painless deliveries that in their view 
contrasted unfavorably with American high-forceps de- 
liveries. Another reporter for McClure’s, Mary Boyd, 
delivered a child successfully with Twilight Sleep.” 

The central theme of their rhetoric was the unwill- 
ingness of the “mass of doctors” to adopt a technique 
that would end maternal suffering and, in the words 
of a feminist, “create a more perfect motherhood.” To 
combat the resistant, predominantly male medical 
profession, leaders of the movement organized the Na- 
tional Twilight Sleep Association whose mission it was 
to stage rallies in major cities to bring the message 
to the women of America: “Modern science has abol- 
ished that primal sentence of the scriptures upon 
womankind.” 

The Association hoped to reach women of all socio- 
economic groups although the physicians of the Frei- 
burg clinic had originally believed that upper-class 
women had a lower threshold of pain and therefore 
would be prime candidates for Twilight Sleep. This 
attitude may have prevailed in some circles, but the 
American organizers brought their message to “ordi- 
nary women” by staging their rallies in department 
stores and inviting media attention. Their purpose was 
twofold: to educate the female population to the ben- 
efits of scopolamine and to bring pressure on the med- 
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ical profession to change its ways concerning childbirth. 
Newspapers and women’s magazines played their part 
in the movement by broadcasting the evils of the med- 
ical profession as it withheld pain relief from trusting 
obstetric patients. “If you women want it, you will have 
to fight for it,” intoned a prominent leader. She then 
displayed her healthy Twilight Sleep baby to the au- 
dience. Photographs of normal infants and children 
were a major component of Twilight Sleep literature. 

The situation in 1914 was far more complicated than 
the propaganda blitz or rallies at Gimbel’s department 
store indicated. Apart from the issue of safety, which 
caused many physicians to hesitate in their use of sco- 
polamine and morphine, there was the problem of the 
laboring patient who, under the influence of Twilight 
Sleep, might thrash about in such a way as to cause 
herself injury. Therefore it was essential to monitor 
patients throughout labor and in most cases to restrain 
them physically. This involved personnel and equip- 
ment that most physicians in solo practice could not 
provide. Because most deliveries, even in 1914, took 
place in the home, Twilight Sleep presented several 
problems." 

The obvious solution in the minds of the national 
association members was to move the setting of child- 
birth to the hospital. The prominent and vocal leaders 
of the movement demanded hospital deliveries as a 
central theme of their message. Shaping their argu- 
ments in the rhetorical style of the women’s movement, 
they brought pressure to bear on hospital administra- 
tions to install the necessary equipment for ‘Twilight 
Sleep deliveries. This involved padded cribs in which 
patients could labor safely. Special restraining gowns 
and protective helmets were designed as well. Close 
supervision during labor was accomplished by nursing 
and house staff personnel. Large urban hospitals made 
costly changes and additions to their facilities in answer 
to physicians and patients alike. Clearly, the day of the 
home delivery, as well as the advent of the midwife, 
had waned. 

There were physicians who resisted the advocacy of 
the Twilight Sleep Association and spoke out against 
the pressure brought to bear on them by the popular 
press. Medical therapeutics, they argued, should not 
be dictated by McClure’s Magazine; however, the Journal 
of the American Medical Association in 1914 rejected Twi- 
light Sleep because of its accompanying dangers, and 
caution was urged by American Medicine in a series of 
articles exploring the technique.” 

The National Twilight Sleep Association felt no need 
for caution. To them the issue was clear: The medical 
profession rigidly rejected positive innovation; in im- 
passioned feminist idiom, women demanded control of 
the birthing process. McClure’s reported in 1915 that 
the movement was definitely gaining ground," and 
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Marguerite Tracy claimed optimistically that there were 
4 or 5 million adherents of Twilight Sleep in the United 
States. 


At the very summit of success, it was the issue of 


safety that brought down the movement. By 1917, the 
Royal Society of Medicine published negative reports 
of the effects of scopolamine on newborn infants, citing 
apnea or “white asphyxia” in 16 of 19 infants born alive. 
Respiration, the report continued, was being delayed 
dangerously. Word of these problems had infused the 
movement itself, and the sudden death in childbirth of 
one of its most visible leaders, Mrs. Francis X. Carmody, 
had a devastating effect. The family of Mrs. Carmody 
claimed publicly that her death was unrelated to sco- 
polamine anesthesia, yet the blow fell on the associa- 
tions and damaged them fatally. 

Obstetricians, alarmed by their deliveries of severely 
depressed infants in Twilight Sleep, began to back away 
from whatever enthusiasms they might have felt in the 
early days of the “German method”; the popular press 
gradually lost interest in a crusade that modified its 
rhetoric and posed somewhat complicated questions 
concerning dosage and supervision during labor and 
uterine inertia. 

Although the popular manifestation of the Twilight 
Sleep movement collapsed, the use of scopolamine- 
morphine continued to be widespread. As consumers, 
patients were better informed after the public debate 
over obstetric anesthesia. The angry rhetoric of the 
National Twilight Sleep Association ebbed, yet scopol- 
amine-morphine continued in use. In 1933 Parents’ 
Magazine listed ‘Twilight Sleep as one of several alter- 
natives available to expectant mothers. “It 1s safe only 
in the hands of an expert,” the magazine warned. 

If the Twilight Sleep movement collapsed under the 
pressure of inflated expectations, historians point out 
that it brought to the center of the stage the question 
of control of the birthing process. Feminist leaders of 
the early twentieth century saw the issue of obstetric 
anesthesia in terms of larger social needs, which they 
addressed by forming advocacy groups to bring pres- 
sure on the medical profession. Significantly, in the 
wake of the Twilight Sleep movement, women had as- 
sumed control of childbirth and had sought to move 
its setting from home to hospital. By the next gener- 
ation, 1940, half of the births in America occurred in 
hospitals.’° 

At the time of the scopolamine-morphine debate, 
another approach to pain relief was developing in Great 
Britain. Dr. Grantly Dick-Read, a London obstetrician, 
observed a patient in 1913 who seemed to be altogether 
indifferent to pain during labor. She was a poor women, 
living in a slum, surrounded by her numerous children. 
When the doctor offered her chloroform, the woman 
refused with a simple reply, “It doesn’t hurt. It wasn’t 
meant to, was it, Doctor?” This experience was the gen- 
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esis of the “natural” childbirth movement, of which 
Grantly Dick-Read is thought to be the founder. 

His thesis focused on an argument reminiscent of 
Charles Meigs—that birth is a natural physiologic pro- 
cess. Therefore birth should not hurt anymore than 
digestion hurts. Pain accompanying labor and delivery 
is an illusion and the result of cultural conditioning, a 
problem that Dick-Read called, in a revision of his orig- 
inal work, the “fear-tension-pain syndrome.” A wom- 
an’s learned fear of childbirth produces pain, but the 
normal contraction of the uterus should not be inter- 
preted as painful. 

The “natural” childbirth method centered on a pa- 
tient education effort. Women were instructed in the 
physical process of giving birth; they were reeducated 
concerning the anticipation of pain. Like Simpson sev- 
eral decades earlier, they interpreted labor as work 
rather than suffering. The “natural” childbirth move- 
ment, in contrast to Twilight Sleep, gave parturients 
the role of active participation in labor and delivery. 
Grantly Dick-Read developed a regimen of relaxation 
designed to reduce muscular tension during labor. As 
his method became popular, he developed antenatal 
classes including lectures on pregnancy, labor, and de- 
livery. His training, an effort to reprogram patients’ 
concepts of pain, included breathing and muscular ex- 
ercise. He insisted that obstetricians assume a cheerful, 
optimistic attitude in the presence of the patient. 

Experiments along the line of psychologic prepara- 
tion, education, and reconditioning were launched in 
the Soviet Union by Velvosky and Nicolaiev, whose early 
work used hypnosis for pain relief. In the 1920s this 
was thought to be a productive approach but it was 
soon abandoned. Velvosky et al.'* based their approach 
very loosely on the “Pavlov” method of preparation. 
Evoking the name of the Nobel Laureate is somewhat 
questionable. Pavlov, who died in 1936, pioneered an 
understanding of animal and human behavior but had 
almost nothing to say about labor and delivery. The 
Soviet experiment, nonetheless, was designed to alter 
the patient’s response to the signal of uterine contrac- 
tions. 

Velvosky’s work, based on science but also on trial 
and error, formed a basic theoretic agreement with 
Simpson and Channing, namely, that pain had no es- 
sential function in childbirth. Although he differed 
from Grantly Dick-Read who saw pain as an illusion, 
Velvosky agreed with him that a fundamental cause of 
pain was fear. This fear, he believed, was a generator 
of unfavorable reflexes. The brain, correctly pro- 
grammed, could distract the pain reflex by a series of 
breathing exercises, which would then minimize pres- 
sure of the diaphragm on the uterus. Thus the Soviet 
method relieved pain by means in part of controlled 
breathing. 

By the late 1930s the Soviets had encountered prob- 
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Fig. 2. Dr. Fernand Lamaze. (Sketch by Graphics Division, Campus Media Service, University of 


Arkansas for Medical Sciences.) 


lems in mass producing this method. Individual coach- 
ing or even small group sessions posed organizational 
and bureaucratic snarls; nevertheless, the Ministry of 
Public Health in 1951 redesigned a scaled-down version 
and standardized it by decree. 

This was the method that Dr. Fernand Lamaze ob- 
served when he visited Nicolaiev’s Leningrad clinic in 
1951. Lamaze, impressed with the painless deliveries 
he witnessed, decided to introduce the Soviet system at 
his clinic in Paris (Fig. 2). He was the director of the 
metal workers lying-in hospital, and within a year he 
had instituted a system that resembled the one he had 
observed in Russia.'® It is note worthy that Lamaze 
modified the method for cultural rather than scientific 
reasons, adapting it to the urbane French woman as he 
understood her.” 


The Lamaze method became popular throughout 
France within the year of its introduction to the wives 
of the metal workers in Paris. Lamaze himself became 
a celebrity; indeed a film was soon made about his ef- 
forts to establish accouchement sans douleur. The method 
was brought to the United States by a woman who, 
living in Paris temporarily, became Lamaze’s patient. 
She was a resident of New York when she became preg- 
nant a second time and, seeking a physician who would 
cooperate with her newly learned pain relief tech- 
niques, she became frustrated. Marjorie Karmel re- 
ported her experience in the Women’s Home Journal in 
the early 1950s, and the Lamaze movement was 
launched on this side of the Atlantic. Like her Twilight 
Sleep antecedents, Karmel wrote first for a woman's 
magazine and sought popular support. She then pub- 
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lished a book in 1959 that enjoyed enormous success. 
This account was dramatic and readable and was de- 
signed to extol the Lamaze method and to encourage 
consumerism among patients. Karmel”! was vivid in her 
descriptions of the resistant medical community as she 
sought obstetric care in New York. 


Once again, as in 1914, physicians were accused of 


withholding medical innovation. Karmel joined forces 
with Elizabeth Bing, a former adherent of the Dick- 
Read school, and together they formed the American 
Society for Psychoprophylaxis in Obstetrics. The rapid 
acceptance of the Lamaze method in the United States 
may be attributable to the efforts of Karmel and Bing, 


to their organization that promoted the teachings of 


Lamaze, and to Bing’s own best-seller that soon fol- 
lowed. 

Significantly, the attitudes of obstetricians must also 
be taken into account. Although the media cast phy- 
sicians in the role of obstructionists concerning psy- 
choprophylaxis, this was not uniformly the case. As 
Neils Beck points out, obstetricians in the United States 
and Europe were increasingly alarmed by the effects 
of anesthesia or analgesia on the laboring patient 
and/or the newborn infant.” In fact they encouraged 
the use of what has been called “noninterventionist” 
methods. The Lamaze method readily assumed the 
lead in the United States ahead of other methods that 
used psychologic methods to ameliorate labor pain. In 
spite of a controversial history, psychoprophylaxis be- 
came part of the contemporary obstetric practice in the 
1960s, and the ultimate triumph of the Lamaze tech- 
nique was in part the genius of organization and timing. 

In addition to the consistent flow of popular litera- 
ture (Lamaze’s own book was published in 1958) a cadre 
of trainers furthered the Lamaze method. Their in- 
struction of patients in small groups consisted of three 
elements: information concerning pregnancy, labor, 
and delivery; training in relaxation; and breathmg 
techniques. The instructors, always female, served as 
an emotional backup for the parturients, and they so- 
licited feedback concerning the labor and delivery ex- 
perience of each patient.” Within a decade 180 instruc- 
tors were coaching 8500 women annually, and by 1975, 
2500 instructors were training 190,000 women per 
year. A powerful client base became the vehicle for the 
Lamaze marketing success. 

Significantly, the timing of Karmel’s book coincided 
with a developing interest by obstetricians in psycho- 
logic rather than chemical pain relief for labor and 
delivery. The Dick-Read method had been introduced 
and widely publicized in the United States, even en- 
dorsed by Pope Pius XII in 1956. The weakness of his 
overall approach was his insistence that birth was a 
painless phenomenon. Lamaze incorporated elements 
of the systems he knew—both Velvosky and Dick- 
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Read—at a time when the women’s movement in the 
United States embraced childbirth as a social issue. 

As with the Twilight Sleep movement fifty years ear- 
lier, women sought greater control over their parturi- 
tion, and the Lamaze method offered an uncomphi- 
cated means. This time, however, in the context of the 
1960s, control meant drug-free delivery rather than the 
use of scopolamine. Feminist rhetoric again assailed the 
medical profession to change its ways concerning preg- 
nancy, labor, and delivery. The instructional approach 
of Lamaze trainers was frankly adversarial concerning 
physicians. This attitude was central to another 
method, which was developed in the 1960s by Robert 
Bradley. His Husband-Coached Childbirth instructional 
material listed the medical profession as “obstacle one” 
to be overcome by patients planning natural childbirth. 
“Most doctors are egocentric,” he warned. Patients were 
encouraged to keep looking until they found an “ed- 
ucated doctor, usually a younger one.””™ Supported by 
a national association, the Bradley method borrowed 
from Dick-Read and Lamaze but never achieved the 
widespread popularity of these movements. “Patient 
preparation,” a term coined in the earliest days of psy- 
choprophylaxis to mean patient conditioning or edu- 
cation for drugless labor and delivery, evolved to new 
meaning in the last decades of the century. 

In the postfeminist period, Lamaze rhetoric has mel- 
lowed concerning the question of anesthesia. Wide- 
spread experience has shown that many women re- 
ceiving Lamaze training ask for pharmacologic anal- 
gesia or regional block during labor.” A new synthesis 
appears to be taking shape. Hospital administrators, as 
in the days of Twilight Sleep, add birthing facilities that 
meet the demands of patients. In the contest for con- 
trol, the setting of labor and delivery takes on impor- 
tance; thus to answer an impulse for home deliveries, 
medical centers have altered their facilities to respond 
quite blatantly to consumerism. Patients of the 1990s 
assume a role for which their grandmothers prepared 
them. They demand the right to make decisions con- 
cerning pregnancy, labor, and delivery, and in this in- 
stance they may or may not share responsibility with 
their physicians for the outcome. 


We thank Thomas Elkins, MD, Preston Dilts, MD, 
Chris Hackler, PhD, Allison Mays, MLS, Judy Smith, 
and Edwina Walls, MLS, who contributed to this 
project. 
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Clinical Articles 


Detection of cervical Chlamydia trachomatis and Neisseria 


gonorrhoeae with deoxyribonucleic acid probe assays in 


obstetric patients 


Ian K. Hosein, MD,* Andrew M. Kaunitz, MD,” and Susan J. Craft, MT* 


Jacksonville, Florida 


OBJECTIVE: The Gen-Probe PACE 2 deoxyribonucleic acid probe assays for the detection of Chlamydia 
trachomatis and Neisseria gonorrhoeae are targeted against the ribosomal ribonucleic acid of each 
pathogen. Our study compared the performance of the probe assays with culture for Chlamydia 
trachomatis (246 patients) and Neisseria gonorrhoeae (310 patients) while screening obstetric patients. 
STUDY DESIGN: Using culture as a gold standard, we assessed the sensitivity, specificity, positive 
predictive value, and negative predictive value of the chlamydia and gonorrhea probes. 

RESULTS: The prevalence of chlamydia by culture was 13.4% and gonorrhea 4.8%. Against culture, the 
chlamydia probe assay performed as follows: sensitivity 93.9%, specificity 99.1%, positive predictive value 
93.9%, and negative predictive value 99.1%. Values for the gonorrhea probe assay were 93.3%, 99.0%, 
82.4%, and 99.7%, respectively. Additional molecular analysis of probe-positive—culture-negative 
specimens suggests that the gonorrhea probe-positive predictive value may be even higher. 
CONCLUSION: The Gen-Probe PACE 2 deoxyribonucleic acid probe assays for chlamydia and gonorrhea 
appear to be promising as convenient, reliable, and cost-effective alternatives to conventional cultures in 
screening obstetric patients. (AM J OBsTET GYNECOL 1992;167:588-91.) 


Key words: Gonorrhea, chlamydia, deoxyribonucleic acid probes 


Chlamydia and gonorrhea are highly prevalent sex- 
ually transmitted diseases with a worldwide distribu- 


tion. In the United States some 4 million cases of 


chlamydia and 700,000 cases of gonorrhea occur an- 
nually.* >? Although often asymptomatic, perinatal 
transmission of these organisms frequently cause neo- 
natal ocular and, in the case of chlamydia, pulmonary 
infections. 

Although classified as a bacterium, Chlamydia tra- 
chomatis is an obligate intracellular pathogen; conven- 
tional method of detection involves cell culture with 
McCoy cells. This approach is both time consuming 
and labor intensive, with delayed reporting. Conven- 
tional laboratory diagnosis of gonorrhea is based on 
culture with selective media such as Thayer-Martin or 
Martin-Lewis. However, Neisseria gonorrhoeae is a fastid- 
ious organism and may fail to grow because of delay 
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in specimen transport and incubation. Also, certain 
strains are sensitive to vancomycin in the standard se- 
lective media.’ 

To address problems associated with cultures, tests 
for chlamydia and gonorrhea not based on culture have 
emerged. Enzyme immunoassay tests for detection of 
chlamydial and gonococcal antigens include Chlamyd- 
iazyme and Gonozyme, respectively (Abbott Labora- 
tories, Chicago). Chlamydiazyme has a sensitivity rang- 
ing from 70% to 90% of culture and a specificity rang- 
ing from 92% to 99%, depending on prevalence.’ The 
Gonozyme test is specific and sensitive for detecting 
gonococcal urethral infection in men, but it is less sen- 
sitive (87%) for gonococcal infections in women.” The 
specificity of the test has also been questioned, with 
Neisseria lactamica and Neisseria cinerea giving false-pos- 
itive reactions. The chlamydia direct fluorescent anti- 
body stain has a similar performance profile, with sen- 
sitivities from 70% to 90% and specificities >95%.’ 
However, the direct fluorescent antibody procedure re- 
quires a fluorescent microscope and a high level of skill 
in interpretation. 

Nucleic acid hybridization offers the potential for 
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rapid, sensitive, specific, and cost-effective noncultural 
detection of both organisms.” The Gen-Probe PACE 2 
(Gen-Probe, Inc., San Diego) deoxyribonucleic acid 
(DNA) probes are complementary strands of DNA 
(cDNA) directed against the ribosomal ribonucleic acid 
of C. trachomatis and N. gonorrhoeae, respectively, and 
have been marketed in the United States since 1989. 
With this system DNA probe assays for both pathogens 
can be performed with one cervical swab. Our study 
compares the performance of these problem assays 
with standard culture for chlamydia and gonorrhea 
from cervical specimens in a population of low-income 
obstetric patients. 


Material and methods 


Patient population. Our study was approved by the 
Institutional Review Board of University Medical Cen- 
ter, Jacksonville, Florida. From October 1989 to August 
1990 endocervical specimens were collected from 322 
consecutive patients during their first prenatal exami- 
nations at University Medical Center. The specimens 
were obtained during vaginal speculum examination 
for cervical cytology and sexually transmitted disease 
screening, which is routinely performed during the ini- 
tial prenatal examination. University Medical Center is 
a teaching hospital serving a predominantly low-income 
population with approximately 5000 annual deliveries. 
Among obstetric patients screened in this study the 
racial distribution was 79% black and 21% white. At 
the time of screening the median age, parity, and ges- 
tational age of these patients were 21 years, para 1, and 
22 weeks, respectively. All of the original culture and 
DNA probe assays were performed in the clinical mi- 
crobiology laboratory at University Medical Center. 
Technologists performing either culture or probe as- 
says were blinded to the other corresponding results. 
Patients with positive results by culture or DNA probe 
were treated with standard antimicrobial regimens. 

Laboratory methods. After the exocervix was 
cleaned, three swabs were taken for cultures and DNA 
probe assays. One Dacron swab was used for chlamydia 
culture, one cotton swab for gonococcal culture, and 
one Dacron swab for both gonococcal and chlamydial 
probe assays. Clinicians were told not to follow any 
given order of specimen collection. 

The swab for chlamydia culture was placed in 1.5 ml 
of chlamydial transport medium with 0.2 mol/L su- 
crose and 10% fetal bovine serum (Bartels/ Baxter, Sac- 
ramento, Calif.) and was sent to the laboratory imme- 
diately. Samples were processed on receipt or stored at 
4° C for processing the next day. After the samples 
were vortexed, they were centrifuged onto cyclohex- 
imide-treated McCoy cells on coverslips in a 2-vial shell 
vial procedure (Bartels). After incubation at 35° C for 
48 to 72 hours, both coverslips were stained with a 
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fluorescein-labeled monoclonal antibody for inclu- 
sions.” The presence of one or more fluorescing inclu- 
sions was considered a positive result. The swab for 
gonococcal culture was planted on to Jembec plates 
(Martin-Lewis agar) at the bedside and transported to 
the laboratory immediately in a carbon dioxide pouch. 
The plates were incubated in 5% carbon dioxide at 
35° C, for 72 hours. Colonies suspicious by Gram stain 
and oxidase for N. gonorrhoeae were confirmed by con- 
ventional sugar fermentation and coagglutination 
(Meritek, Meridian Diagnostics, Cincinnati). Tech- 
niques for chlamydial and gonococcal probe assays have 
been previously described.'' 


Results 


Overall, this study involved 322 obstetric patients. 
Among these, 234 had probe assay and culture results 
for both pathogens. An additional 76 had gonococcal 
culture and probe results, and 12 had chlamydia cul- 
ture and probe results. 

Performance of chlamydia probe assay. Of 246 cul- 
tures, 33 (13.4%) were positive for chlamydia. With 
culture as the gold standard the chlamydia probe assay 
had a sensitivity of 93.9%, specificity of 99.1%, positive 
predictive value of 93.9%, and negative predictive value 
of 99.1%. 

Two chlamydia probe-positive—culture-negative re- 
sults were false positive by definition. A further com- 
petitive probe binding assay’? was performed by the 
Gen-Probe staff on a frozen aliquot (— 70° C) of one 
of the original samples for probe assay (the other was 
not available), and it was positive for chlamydia. If this 
specimen is considered truly positive, the adjusted per- 
formance of the chlamydia probe becomes sensitivity 
94.1%, specificity 99.5%, positive predictive value 
97.0%, and negative predictive value 99.1%. 

Performance of gonorrhea probe assay. Of 310 cul- 
tures, 15 (4.8%) were positive for gonorrhea. The 
probe assay for gonorrhea had a sensitivity of 93.3%, 
specificity of 99.0%, positive predictive value of 82.4%, 
and negative predictive value of 99.7%. Among three 
gonococcal probe-positive—culture-negative results, 
probe competition assay was positive in two for gono- 
coccal nucleic acid. If these two probe competition assay 
positives are considered to be truly positive, the ad- 
justed performance of the gonococcal probe becomes 
sensitivity 94.1%, specificity 99.7%, positive predictive 
value 94.1%, and negative predictive value 99.7%. 


Comment 


Both chlamydia and gonorrhea are highly prevalent 
sexually transmitted diseases. Although frequently 
asymptomatic, infection with either organism in preg- 
nant women may lead to a variety of perinatal sequelae. 
Unfortunately, significant problems are associated with 
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both chlamydia and gonorrhea cultures. Because of the 
prevalence of these pathogens and their serious health 
consequences, there has been a search for rapid, sen- 
sitive, specific, and cost-effective tests. DNA probe tech- 
nology based on the specific binding of complementary 
strands of nucleic acid may offer each of these benefits. 

The Gen-Probe PACE 2 probe assays for C. tracho- 
matis and N. gonorrhoeae are the newest versions of pro- 
totype chemiluminescent DNA probes for the direct 
detection of these two sexually transmitted organisms. 
Iwen et al.'* evaluated the PACE 2 chlamydia probe 
versus culture with endocervical swabs from emergency 
room patients with a chlamydia prevalence of 9.4%. 
Sensitivity, specificity, and positive and negative pre- 
dictive values were 93%, 98%, 85%, and 99%, respec- 
tively. 

Panke et al.'' evaluated the PACE 2 gonococcal probe 
in a mixed population of symptomatic and asymptom- 
atic (prevalence 2%) women and found the probe to 
be equivalent to culture in both populations. They did 
recommend, however, that borderline results be re- 
peated to obtain consistent negative values. Because 
both probe assays can be performed with a single swab, 
our study evaluated the performance of the probe as- 
says for chlamydia and gonorrhea against culture in a 
population of low-income obstetric patients. To our 
knowledge this is the first report evaluating these probe 
assays for both organisms at the same time. The prev- 
alence by culture of chlamydia was 13.4% and gonor- 
rhea 4.8%. Among the 234 patients in whom cultures 
for both pathogens were performed, 31 were positive 
for chlamydia, 12 were positive for gonorrhea, and 5 
were positive for both. 

Our failure to specify the order in which swabs were 
collected for the cultures and probe assays may rep- 
resent a limitation of this study. However, a large num- 
ber of clinicians were involved in the collection process, 
and they were told not to use any given order. Because 
we believe that randomization was approached, if not 
achieved, bias introduced into our results as a result of 
swab order should be minor, if present at all. 

The occurrence of two chlamydia probe-positive— 
culture-negative results could be explained by storing 
the culture specimens at 4° C for an excessive period 
of time. Refrigeration of specimens for >24 hours is 
known to reduce recovery of chlamydia." In this series, 
however, specimens for chlamydia were processed in 
<24 hours. Therefore delayed processing should not 
have been a factor in explaining these two apparent 
false-negative chlamydia culture results. 

Even without the probe competition assay data on 
probe-positive—culture-negative samples, performance 
features of the chlamydia probe assay and all but one 
(positive predictive value) for gonorrhea are >90%. If 
the probe competition assay results of probe-positive— 
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culture-negative samples are considered to be accurate, 
the positive predictive value for gonorrhea is increased 
from 82.4% to 94.1%. 

Sample collection for the DNA probe is convenient: 
one swab is used for both chlamydia and gonorrhea. 
The shelf-life of the collection kits (swab and transport 
tube) is 6 months at room temperature; after collection, 
the sample in the transport tube is stable for 7 days at 
room temperature. Both of these features facilitate use 
by clinics distant from the laboratory. 

In the laboratory the procedure for probe binding, 
washing, and detection takes place in a single test tube; 
necessary equipment, luminometer, and magnetic sep- 
aration rack are supplied by the manufacturer. Because 
the separation step (bound from unbound probe) uses 
a magnetic field, it is much faster than centrifugation. 
The detection system uses chemiluminescence, thereby 
eliminating the safety problems and short shelf-life 
characteristic of radioactive labels. Because one speci- 
men can be analyzed for both chlamydia and gonorrhea 
in 2 hours, results can be reported the day of specimen 
receipt. 

At University Medical Center, Jacksonville, a cost 
analysis indicates considerable savings with probe assays 
over culture for chlamydia and gonorrhea. Charges for 
the equipment needed to perform the DNA probe as- 
says are incorporated into reagent costs. The higher 
the volume of assays performed, the lower the overall 
costs of assays become. Our hospital laboratory pro- 
cesses between 1000 and 2000 samples for probe anal- 
ysis each month. Our combined cost for performing 
chlamydial and gonococcal probe assays is approxi- 
mately $12. In contrast, our combined cost for per- 
forming chlamydia and gonorrhea cultures is $27. 

In summary, this study demonstrates that PACE 2 
DNA probe assays for chlamydia and gonorrhea offer 
a convenient and, for busy laboratories, cost-effective 
alternative to cultures. Experience in our prenatal clin- 
ics indicates that probe reliability is high when used in 
obstetric populations with infection prevalence com- 
parable with those we have reported. 
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Three-group metaphase as a morphologic criterion of 
progressive cervical intraepithelial neoplasia 
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OBJECTIVE: The purpose of our study was to investigate the presence of three-group metaphase in 


progressive cervical intraepithelial neoplasia. 


STUDY DESIGN: This was a retrospective histologic study on the conization specimens of 41 women with 
microinvasive cervical carcinoma, 28 of whom were enrolled in the study. Three-group metaphase was 
scored in the invasive part of the lesion and in the adjacent cervical intraepithelial neoplasia. 

RESULTS: Three-group metaphase was found in 93% of cervical intraepithelial neoplasia adjacent to the 
invasive part of the lesion. However, three-group metaphase was found in 11% of the microinvasive 
cervical carcinoma cases with an infiltration depth of <2.5 mm and in 60% of the microinvasive cervical 
carcinoma cases with an infiltration depth of between 2.5 and 5.0 mm. 

CONCLUSION: The chance of finding three-group metaphase seems to be limited by the area of the 
lesion examined for three-group metaphase on the slide. Given the relation between three-group 
metaphase and aneuploid cervical intraepithelial neoplasia found in the literature and the occurrence of 
three-group metaphase in the cervical intraepithelial neoplasia adjacent to the microinvasive cervical 
carcinoma in this study, three-group metaphase can be considered a morphologic criterion for progressive 
cervical intraepithelial neoplasia and can be of value for practical use. (AM J OBSTET GYNECOL 


1992;167:591-5.) 
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The concept that the majority of invasive cervical 
cancers are preceded by a precursor stage of devel- 
opment has been widely accepted. In the New Zealand 
study published in 1984 by McIndoe et al.' 22% of the 
131 patients in whom cervical intraepithelial neoplasia 
persisted after treatment for carcinoma in situ later had 
invasive carcinoma. There are no cytologic or histo- 
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pathologic criteria separating the lesions that will per- 
sist Or progress to carcinoma from those that will re- 
gress to normal. Another problem in dealing with cer- 
vical intraepithelial neoplasia is the subjective cytologic 
and histologic interpretation of the spectrum of pre- 
cancerous lesions; this results in a considerable inter- 
observer and intraobserver variation in the classifica- 
tion of cervical intraepithelial neoplasia.” Uncertainty 
about the prognosis of cervical intraepithelial neoplasia 
has resulted in an active clinical therapeutic approach 
that even implicates the treatment of lesions that have 
no malignant potential. The biologic behavior of cer- 
vical intraepithelial neoplasia becomes easier to predict 
by determining the ploidy pattern.*’ Lesions having 
euploid or polyploid deoxyribonucleic acid (DNA) dis- 
tribution pattern are more likely to regress, whereas 
lesions with an aneuploid DNA pattern tend to persist 
or progress.” > The determination of the ploidy status 
by DNA cytometry on cells from tissue samples is as yet 
too cumbersome for routine use. Instead, lesions can 
be examined for atypical mitotic figures. 

Two main groups of atypical mitotic figures can be 
distinguished: (1) atypical mitotic figures caused by ab- 
normalities of the mitotic spindle, resulting in multi- 
polar mitoses; and (2) atypical mitotic figures caused 
by an abnormal distribution of chromosomes resulting 
from defects in the movements of chromosomes, in- 
cluding chromosomal lag. The best-known example of 
chromosomal lag is the so-called three-group meta- 
phase: in metaphase, chromosomal material is found 
on both sides of the chromosomes arranged in the 
equatorial line. It can be difficult to distinguish atypical 
mitotic figures from degenerative nuclear changes. Be- 
cause of their configuration, multipolar mitoses and 
three-group metaphase are the easiest atypical mitotic 
figures to recognize. Multipolar mitoses can be found 
in polyploid and aneuploid cervical intraepithelial neo- 
plasia, whereas three-group metaphase is confined to 
aneuploid cervical intraepithelial neoplasia.” In the 
study by Pieters’ three-group metaphase was found 
more frequently in high cervical intraepithelial neo- 
plasia classes: 56% of cervical intraepithelial neoplasia 
III lesions were positive for three-group metaphase 
and only 6% of cervical intraepithelial neoplasia I-I] 
lesions. 

The aim of this study was to investigate the frequency 
of three-group metaphase in the cervical intraepithelial 
neoplasia adjacent or superficial to the microinvasive 
cervical carcinoma. We assumed that the cervical intra- 
epithelial neoplasia adjacent or superficial to the mi- 
croinvasive cervical carcinoma was a progressive cer- 
vical intraepithelial neoplasia lesion with the morpho- 
logic features of progressive cervical intraepithelial 
neoplasia. 
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If three-group metaphase can be found in progres- 
sive lesions it will provide evidence for the concept of 
three-group metaphase as a prognostic feature in as- 
sessing cervical intraepithelial neoplasia. 


Patients and methods 


Patients. All reports on patients with a preliminary 
diagnosis of microinvasive cervical carcinoma in the 
conization specimen diagnosed between January 1981 
and April 1989 were collected from the routine files at 
the Department of Pathology of the University Hospital 
Groningen and the Laboratories of Pathology in Win- 
schoten and Leeuwarden. The files from 41 patients 
were used in the study. 

Microinvasive cervical carcinoma was defined as a 
squamous cell carcinoma taken from the basement 
membrane level of the epithelium from which it orig- 
Inates, with an invasion of <5 mm into the cervical 
stroma. The second dimension, the horizontal spread, 
must be =7 mm.’ The original diagnosis of microin- 
vasive cervical carcinoma was confirmed according to 
the previously mentioned definition. 

In 11 (27%) of the 41 cases the revising pathologists 
could not confirm the original diagnosis of microin- 
vasive cervical carcinoma because of doubtful invasion 
(six cases) or invasion >5 mm (five cases). Two cases 
were excluded because of damage to the surface epi- 
thelium. Therefore of the 41 cases entered, 28 fulfilled 
all criteria and were enrolled in the study. 

Methods. From the original tissue blocks, new slides 
with a thickness of 4 wm were made and stained with 
hematoxylin-eosin by the laboratory in Winschoten. 
The tissues from the departments in Winschoten and 
Leeuwarden were fixed in buffered formaldehyde and 
from the department in Groningen in unbuffered 
formaldehyde. From each cervical specimen 12 sections 
were made, three of each quadrant. Two experienced 
histopathologists (W.J.L.M.P. and H.H.) independently 
scored the slides of the 28 patients and rendered in- 
dependent opinions on the following items: (1) depth 
of invasion measured by a calibrated micrometer, taken 
from the basement membrane of the epithelium, and 
(2) scoring of three-group metaphase in the microin- 
vasive cervical carcinoma and in the coexisting cervical 
intraepithelial neoplasia. 

Three-group metaphase was defined as a mitotic fig- 
ure in which a number of chromosomes remain at both 
poles of the spindle and the majority of chromosomes 
form the metaphase plate” (Fig. 1). Cases were called 
three-group metaphase—positive if 21 clearly recog- 
nizable three-group metaphases were found. After hav- 
ing scored the slides individually the two pathologists 
discussed the cases to reach a consensus on the items 
mentioned. 
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Fig. 1. Phree-group metaphase. 


Results 

The scoring items are summarized in Table I. Three- 
group metaphase was found in the cervical intraept- 
thelial neoplasia part of the lesion, with microinvasive 
cervical carcinoma in 26 (93%) of the 28 cases (Table 
Il). In two patients the cervical intraepithelial neoplasia 
part of the lesion was three-group metaphase—nega- 
tive. On the slides of one of these two patients other 
atypical mitotic figures of the lag type were recogniz- 
able. On the slides of the second patient with three- 
group metaphase—negative cervical intraepithelial neo- 
plasia the invasive part of the lesion did, however, con- 
tain three-group metaphase. Eight (29%) patients were 


three-group metaphase -positive in the invasive part of 


the lesion. 

The three-group metaphase status of the invasive 
part of the lesion in relation to the depth of invasion 
is summarized in Table III. From the 18 cases with 
<2.5 mm invasion, 2 (11%) were positive for three- 
group metaphase; however, from the 10 cases with a 
depth of invasion of between 2.5 mm and 5 mm, six 
(60%) were positive for three-group metaphase in the 
invasive part of the lesion (p = 0.01, Fisher exact test). 


Comment 

It is assumed that the cervical intraepithelial neopla- 
sia adjacent or superficial to the microinvasive cancer 
has the features of progressive cervical intraepithelial 
neoplasia. In our study on 28 cases with microinvasive 
cervical carcinoma we found that the cervical intraep- 
ithelial neoplasia adjacent to the microinvasive cervical 
carcinoma was positive for three-group metaphase in 
26 (93%) cases. In a retrospective study Fu etal.’ found 
that progressive and persistent cervical intraepithelial 


neoplasia were aneuploid. Diploid and polyploid cer- 
vical intraepithelial neoplasia regressed in most cases 
(91%), and only a small proportion (9%) persisted. Re- 
cently, Bibbo et al.’ reported that aneuploid cervical 
intraepithelial neoplasia lesions were progressive or 
persistent in 95% of the cases and regressive in only 
5%. Of the regressive cervical intraepithelial neoplasia 
lesions 86% appeared to be polyploid and 14% aneu- 
ploid. Fu et al.’ found atypical mitotic figures in aneu- 
ploid cervical intraepithelial neoplasia in 85% of the 
cases. Winkler et al. only rarely found mitoses of the 
lag type, including the readily recognizable three-group 
metaphase, in diploid or polyploid cervical intraepi- 
thelial neoplasia. The presence of three-group meta- 
phase was generally confined to aneuploid lesions. 

According to Pieters et al.” three-group metaphase 
is a better indicator for a large number of nonpolyploid 
cells with high chromosomal counts in cervical intra- 
epithelial neoplasia than the traditional histologic 
cervical intraepithelial neoplasia classification. Be- 
cause large numbers of these cells are related to an- 
euploidy,' |! three-group metaphase can be regarded 
as an indicator of aneuploidy. Pieters et al.” found that 
three-group metaphase was related to high-grade cer- 
vical intraepithelial neoplasia: 56% of the cervical in- 
traepithelial neoplasia III lesions were positive for 
three-group metaphase and only 6% of the cervical 
intraepithelial neoplasia I-I lesions. 

Because aneuploid cervical intraepithelial neoplasia 
is regarded as a true precursor of cervical squamous 
cell carcinoma, and because three-group metaphase is 
related to aneuploid and high-grade cervical intraepi- 
thelial neoplasia, three-group metaphase can be re- 
garded as histologic criterion for progressive disease. 
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Table I. Depth of invasion: three-group metaphase in cervical intraepithelial neoplasia adjacent to 


microinvasive cervical carcinoma and three-group metaphase in invasive part of lesion 










Depth of mvasion 


Patient (mm) 


] 5.0 
2 4.5 
3 4.5 
4 2D 
5 Zak 
6 1.5 
7 4.8 
8 4.0 
9 3.8 
10 3.2 
1] Le 
12 0.6 
13 0.4 
14 4.7 
15 4.2 
16 2A 
17 1.8 
18 1.6 
19 1.6 
20 1.5 
21 1.4 
22 Le 
23 0.8 
24 0.7 
25 0.6 
26 0.5 
27 0.5 
28 0.3 
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Three-group metaphase in 
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Table II. Relation between three-group metaphase status of invasive part of microinvasive cervical 


carcinoma and concomitant cervical intraepithelial neoplasia 






Three-group metaphase —positive 7 
cervical intraepithelial neoplasia 

Three-group metaphase—negative l 
cervical intraepithelial neoplasia 


TOTAL 8 


Three-group metaphase—positive 
microinvasive cervical carcinoma 












Three-group metaphase—negative 
microinvasive cervical carcinoma 


Total 


19 26 
l 2 
20 28 





Table III. Relation between depth of invasion and occurrence of three-group metaphase in invasive part 


of microinvasive cervical carcinoma in 28 patients 





Depth of invasion 


<2.5 mm 
2.5 mm-5 mm 


CO 0O N 


TOTAL 


Three-group metaphase—positive 





Three-group metaphase—negative Total 
16 18 
4 10 
20 28 





In our study this was confirmed by the finding that 
93% of the cervical intraepithelial neoplasia adjacent 
to the microinvasive cervical carcinoma was three- 
group metaphase—positive. 

The invasive part of the lesion was positive for three- 
group metaphase in only 8 (28%) cases. However, there 


appeared to be an association between the depth of 
invasion and three-group metaphase positivity in mi- 
croinvasive cervical carcinoma because only 2 (11%) of 
the 18 cases with an invasion of <2.5 mm were positive 
for three-group metaphase, whereas 6 (60%) of the 10 
cases with an invasion between 2.5 and 5.0 mm were 
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three-group metaphase—positive. Regarding the depth 
of invasion as an indicator of the volume of the invasive 
part, it was clear that the processes with an invasion of 
<2.5 mm generally occupied a smaller area on the slide 
than the lesions with an invasion of between 2.5 and 
5.0 mm. Negativity for three-group metaphase on the 
slide did not mean that three-group metaphase was 
definitely absent in the lesion. The chance of finding 
three-group metaphase seems to depend on the area 
of lesion available for screening. This may also explain 
the finding that the cervical intraepithelial neoplasia 
part of the lesion was more frequently positive for 
three-group metaphase than the much smaller invasive 
part. It is tempting to speculate on another explanation 
for the diminished number of three-group metaphase 
in areas of microinvasion. The increased frequency of 
three-group metaphase in progressive cervical intra- 
epithelial neoplasia may be a reflection of increasing 
cytogenetic instability, which leads to the conversion of 
cervical intraepithelial neoplasia to invasive cancer. 
Over the course of successive cell divisions the de- 
creased frequency of three-group metaphase seen in 
invasive cancer may represent the loss of the most ge- 
netically unstable cell population, most of which lose 
their ability to replicate and ultimately die. 

Atypical mitotic figures can regularly be found in 
cervical intraepithelial neoplasia.” '* The best-known 
and most recognizable atypical mitotic figures are the 
multipolar mitoses that result from abnormalities of the 
mitotic spindle and three-group metaphase, which is a 
particular lag-type mitosis caused by an abnormal dis- 
tribution of the chromosomes.” According to the study 
by Scarpelli and Von Haam" on chemically induced 
carcinoma of the cervix in mice, only about 5% of the 
mitoses in cervical intraepithelial neoplasia and invasive 
carcinoma are three-group metaphase. Therefore the 
chance of finding three-group metaphase in cervical 
squamous cell lesions will depend on the mitotic fre- 
quency of the process and the relative area of the lesion 
available on the slide. 

In a recent editorial Baak" stressed the importance 
of strict rules for handling the sections to insure the 
accurate assessment of mitosis counts. Donhuijzen et 
al. have shown that with increasing delay in fixation 
the microscopic identifiability of mitosis is reduced.’ 
Therefore further studies on the optimal procedure 
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for preparing the slides should be performed to en- 
hance the technical quality. It is also important to es- 
tablish the optimal area of the lesion for screening and 
to find out what thickness of slides is necessary to call 
a lesion three-group metaphase—negative with reason- 
able certainty. 
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Elevated levels of midtrimester maternal serum a-fetoprotein 


are associated with preterm delivery but not with 


fetal growth retardation 
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OBJECTIVE: Our objective was to determine if the low birth weight associated with unexplained elevations 
of midtrimester maternal serum a-fetoprotein levels is due to prematurity or to fetal growth retardation. 
STUDY DESIGN: Rates of preterm delivery and fetal growth retardation were analyzed according to 
incremental maternal serum a-fetoprotein levels in 5555 women, predominantly white, who were screened 
for neural tube defects (group 1) and 843 women, predominantly black, with risk factors for low birth 
weight (group 2). Statistical methods included x’, t tests, analysis of variance, and regression analysis. 
RESULTS: In both groups increasing levels of maternal serum a-fetoprotein are significantly associated 
with preterm delivery but not with fetal growth retardation. The preterm delivery rate increased in each 
group from 8% at levels <0.5 multiples of the median to 18.1% (p < 0.001) at levels =2.5 multiples of the 


median in group 1 and 28.1% (p = 0.01) in group 2. 


CONCLUSIONS: Women with unexplained elevations of maternal serum a-fetoprotein are at increased 
risk for preterm delivery but not fetal growth retardation. Because of the wide availability of maternal serum 
a-fetoprotein screening, women at increased risk for preterm delivery can be identified in the midtrimester 


of pregnancy. (Am J OsstTeT GYNECOL 1992;167:596-601.) 


Key words: Maternal serum a-fetoprotein, preterm delivery, fetal growth retardation, low 


birth weight 


Elevated levels of maternal serum a-fetoprotein 





(AFP) are associated with fetal anomalies— particularly 
open neural tube defects and abdominal wall 
defects—and inaccurate gestational age, twins, and fe- 
tal death.'* A number of studies noted the association 
of elevated maternal serum AFP levels and low birth 
weight but did not or were unable to determine whether 
prematurity or fetal growth retardation was responsible 
for the low birth weight.*'' Several studies reported that 
both fetal growth retardation and preterm delivery 
were associated with elevated levels.'*'° Other studies 
reported that the observed low birth weights were re- 
lated to fetal growth retardation’ ™ or that the low birth 
weight was due to preterm delivery.” *' We wanted to 
determine whether preterm delivery or fetal growth 
retardation is most commonly associated with elevated 
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maternal serum AFP levels and to evaluate its predictive 
value for preterm delivery and fetal growth retarda- 
tion. The relationship of maternal serum AFP levels, 
expressed as multiples of the median, to preterm de- 
livery and fetal growth retardation was evaluated in a 
normal population and one at risk for low birth weight. 


Methods 

Group 1 (n = 5555) consisted predominantly of 
white women (84.7%) who had maternal serum AFP 
levels done as part of a screening program for open 
neural tube defects and for whom pregnancy outcomes 
were known. These women were mostly private pa- 
tients from the Birmingham metropolitan area. As part 
of our quality assurance program, pregnancy follow- 
up information on consecutive maternal serum AFP 
samples from September 1985 through October 1989 
was obtained from selected obstetricians who referred 
samples to our laboratory. Selection for review was not 
based on maternal serum AFP results. Delivery date, 
birth weight, infant sex, and pregnancy complications 
were recorded and then entered into a computerized 
data base. Gestational age was assigned by the referring 
physician and was corrected if subsequent ultrasono- 
graphic examination was performed, particularly with 
regard to abnormal maternal serum AFP levels. Eighty 
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Table I. Comparison of rates of preterm delivery, fetal growth retardation, postdate pregnancy, and 


elevated AFP levels in groups | and 2 





Preterm (<37 wk) 480 8.6 
Fetal growth retardation 173 2.7 
Postdates (=42 wk) 558 4. 

AFP =2.5 multiples of 106 1.9 


the median 


Group 1 (n = 5555) 







Group 2 (n = 843) 


102 12] <().001 
72 8.5 <().001 
34 4.0 NS 
32 3.8 <().001 





NS, Not significant. 


percent of women had a documented ultrasonographic 
examination in the first or second trimester, so gesta- 
tional age was confirmed or assigned by ultrasono- 
graphic examination in most pregnancies. If the ges- 
tational age by ultrasonography differed by more than 
2 weeks from the clinical gestational age, the one ob- 
tained by ultrasonography was used to estimate ges- 
tational age. The maternal serum AFP multiples of the 
median was recalculated if the gestational age was 
changed. 

Group 2 (n = 843) consisted predominantly of black 
(69%) multiparous women with a family income 
<150% of the federal poverty level. These women were 
invited to participate in a continuing research project 
evaluating fetal growth, because they were at increased 
risk for low birth weight. The institutional review board 
approved the project design, and informed consent was 
obtained from each participant. Women were recruited 
into the project from December 1985 through August 
1988. These women underwent baseline ultrasono- 
graphic examinations in the second trimester for ges- 
tational age determination, and gestational age was as- 
signed before serum AFP samples were drawn. If the 
gestational age by ultrasonography was different from 
a certain last menstrual period, gestational age estimate 
by >14 days, the ultrasonographic gestational age es- 
timate was used to date the pregnancy. If the last men- 
strual period was uncertain, ultrasonography was used 
to establish gestational age. All demographic and out- 
come data were entered into a computerized obstetric 
data base. 

All maternal serum AFP values were drawn between 
14 and 22 weeks’ gestation and assayed in the Obstetrics 
and Gynecology Research and Diagnostic Laboratory 
with the Abbott AFP kit. Maternal serum AFP multiples 
of the median were calculated with race-specific me- 
dians determined in our laboratory and were adjusted 
for maternal weight.” The multiples of the median 
were divided into six categories: <0.5, 0.5 to <1.0, 1.0 
to <1.5, 1.5 to <2.0, 2.0 to <2.5, and =2.5. The analysis 
of pregnancy outcome was confined to singleton preg- 
nancies with exclusion of stillbirths, fetal losses <20 
weeks, and congenital anomalies. Preterm delivery was 


defined as <37 weeks. Fetal growth retardation was 
defined as birth weight <10th percentile with the stan- 
dards of Williams et al.” Statistical methods included 
x’, t tests, analysis of variance, and regression analysis. 
A value of p < 0.05 was considered significant. 


Results 


The two groups represent different populations, re- 
flected by the significantly higher incidence of preterm 
delivery, fetal growth retardation, and elevated mater- 
nal serum AFP =2.5 in group 2 (Table I). The incidence 
of postdate pregnancy (=42 weeks) was similar in both 
groups. In the predominantly white, middle-class pop- 
ulation of group 1, the mean birth weight and mean 
gestational age at delivery were significantly greater 
than in group 2, 3481 + 560 versus 3123 + 663 gm 
(p < 0.001) and 38.9 + 2.0 versus 38.4 + 2.9 weeks 
(p < 0.001). 

In both groups there was a significant increase in 
preterm delivery with increasing levels of maternal se- 
rum AFP. The incidence of preterm delivery for the 
entire group 1 was 8.6%, with the rate of preterm de- 
livery rising from 8% at maternal serum AFP multiples 
of the median levels <0.5% to 18.1% at levels =2.5 
multiples of the median (p < 0.001) (Fig. 1, A). The 
incidence of fetal growth retardation was not signifi- 
cantly different across maternal serum AFP levels (Fig. 
1, A). As maternal serum AFP levels increased from 
<0.5 to =2.5 multiples of the median, there was a sig- 
nificant decrease in mean birth weight from 3572 to 
3272 gm (p = <0.0001) (Table II) and a significant 
decrease in the mean gestational age at delivery from 
39.5 to 37.8 weeks (p < 0.001) (Table II). When ex- 
amined according to race, the increased incidence of 
preterm delivery and corresponding decreases in birth 
weight and gestational age at delivery associated with 
rising levels of maternal serum AFP were present for 
both black and white women. 

Similarly, in group 2, although the overall incidence 
of preterm delivery was 12.1%, the incidence of pre- 
term delivery progressively rose from 8% at maternal 
serum AFP levels of <0.5 multiples of the median to 
28.1% at levels =2.5 multiples of the median (p = 0.01) 
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Fig. 1. Percent fetal growth retardation (244) and preterm delivery (MM) by maternal serum AFP 


levels in group 1 (A) and group 2 (B). 


(Fig. 1, B). There was no association of fetal growth 
retardation with increasing levels of maternal serum 
AFP (Fig. 1, B). However, in group 2 the relative risk 
for fetal growth retardation was increased for levels 
<0.5 multiples of the median compared with levels 
from 0.5 to 2.5 multiples of the median, with a relative 
risk of 2.0 and a 95% confidence interval of 1.01 to 
3.94. As maternal serum AFP levels rose from <0.5 to 


=2.5 multiples of the median, there was a significant 
decrease in mean birth weight from 3225 to 2811 gm 
(p = 0.036) and a decrease in the mean gestational age 
at delivery from 39.0 to 36.5 weeks (p = 0.001) (Table 
IT). 

With linear regression analysis we examined the re- 
lationship of gestational age at delivery to maternal 
serum AFP, adjusting for maternal weight, race, infant 
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Table II. Mean birth weight and gestational age by maternal serum AFP levels in groups 1 and 2 


Maternal serum AFP value 
(multiples of the median) 





Group | 
<0.5 112 
0.5-<1.0 2390 
1.0-<1.5 2035 
1.5-<2.0 723 
9 .0-<2.5 189 
22.5 106 

Group 2 
<0.5 50 
0.5-<1.0 304 
1.0-<1.5 289 
1.5-<2.0 126 
2.0-<2.5 42 
=2.5 32 













Birth weight 
(gm, mean + SD) 


Gestational age 
(wk, mean + SE) 





3572 + 59 39.5 + 0.19 
3510 + 11 39.1 + 0.04 
3487 + 12 38.8 + 0.04 
3420 + 22 38.4 + 0.08 
3342 + 45 37.9 + 0.18 
3272 + 63 37.8 + 0.23 
3995 + 102 39.0 + 0.42 
3163 + 32 38.7 + 0.13 
3101 + 41 38.3 + 0.18 
3160 + 51 38.5 + 0.22 
2987 + 149 36.9 + 0.79 
2811 + 175 36.5 + 0.90 





sex, smoking, and parity. In group 1 all factors except 
infant sex significantly affected gestational age at de- 
livery. In group 2 only increasing maternal serum AFP 
levels and race significantly affected gestational age at 
delivery. We then examined the relationship of birth 
weight to maternal serum AFP, adjusting for maternal 
weight, race, smoking, parity, infant sex, and gesta- 
tional age at delivery. In both groups each of the factors 
studied, except maternal serum AFP, had a significant 
effect on birth weight. Therefore, because of the strong 
association between maternal serum AFP levels and 
gestational age at delivery, after adjustment for gesta- 
tional age, maternal serum AFP levels did not dem- 
onstrate a significant independent effect on birth 
weight. 

The relative risk for preterm delivery, defined as 
either <35 or <37 weeks, was determined for maternal 
serum AFP levels =2.0 multiples of the median (Table 
II). This analysis demonstrates that women with a ma- 
ternal serum AFP level of =2.0 multiples of the median, 
have a twofold to threefold risk of delivering at either 
<37 weeks or <35 weeks as compared with those with 
levels <2.0 multiples of the median. Next, the value of 
maternal serum AFP levels as a screening test for pre- 
term delivery was determined with the measures of 
sensitivity, specificity, and positive predictive value. 
Sensitivity, a measure of the proportion of preterm 
births, which is identified with maternal serum AFP 
levels =2.0 multiples of the median, was low in both 
groups | and 2 (11.5% and 17%, respectively). Values 
for specificity, a measure of the proportion of term 
births identified with maternal serum AFP values <2.0 
multiples of the median, were 95% and 92%, respec- 
tively. The positive predictive values, defined as the 
proportion of maternal serum AFP values =2.0 mul- 
tiples of the median that resulted in a preterm birth, 
were 18.7% and 23%, respectively. 


Comment 


This study was designed to address the cause of low 
birth weight associated with unexplained elevated ma- 


Table III. Relative risk of preterm delivery 
with maternal serum AFP levels 22.0 
multiples of the median 


Relative 
risk 









95% Confidence 


Preterm delivery interval 


<35 wk 
Group | Bits 1.74-4.24 
Group 2 2.13 1.08-4.19 
<37 wk 
Group | Ms 1.80-2.99 
Group 2 2.08 1.31-3.30 





ternal serum AFP levels in two substantially different 
populations, both with accurate gestational ages. The 
women in group | were not preselected but were eval- 
uated by maternal serum AFP screening because that 
was standard practice by their obstetricians. Group 2 
was purposely selected to choose pregnancies at risk 
for low birth weight. The higher rate of fetal growth 
retardation and prematurity in group 2 is due to the 
fact that these women represent a population at in- 
creased risk for such adverse pregnancy complications. 
The association of preterm delivery with elevated ma- 
ternal serum AFP is remarkably similar in magnitude 
in both groups. 

A previous study found no relationship of elevated 
maternal serum AFP to low birth weight when smoking 
and maternal weight were taken into consideration but 
found a nonsignificant trend toward preterm birth.” 
Our study found that when maternal weight, race, 
smoking, infant sex, parity, and gestational age at de- 
livery are considered, maternal serum AFP has a neg- 
ligible effect on birth weight. On the other hand, our 
study demonstrated a significant association between 
rising maternal serum AFP levels and preterm delivery, 
such that progressively decreasing mean gestational age 
and birth weight are observed as levels increase. In fact, 
the highest mean birth weight in each group occurs in 
the group of infants with midtrimester maternal serum 
AFP values of <0.5 multiples of the median. The as- 
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sociation of decreasing birth weight with rising levels 
was reported by Wald et al.’ in a study of 4198 preg- 
nancies. However, mean birth weight was observed by 
Wald to be lower if the maternal serum AFP was <0.5 
multiples of the median. This positive association of a 
lower birth weight and low maternal serum AFP was 
greatly reduced when the analysis was restricted to 
spontaneous labors. ‘The authors postulated that the 
gestational age was overestimated in the low maternal 
serum AFP levels and elective delivery for presumed 
postdates resulted in an infant born early and therefore 
with a lower birth weight. In our study most of the 
pregnancies had gestational ages confirmed or assigned 
by early ultrasonographic examinations, especially 
those with abnormally low and high maternal serum 
AFP values. Certainly this was the case in group 2 where 
all pregnancies had the gestational age confirmed or 
assigned by the ultrasonographic examination before 
the maternal serum AFP was drawn and in group | at 
least 80% had ultrasonographic examinations. The ob- 
servation that the number of pregnancies delivering at 
=42 weeks was about 4% in both groups suggests that 


the problem of misdating leading to large numbers of 


pregnancies mislabeled as postdates was not a problem 
in either group. 

Interestingly, there was an increased relative risk of 
fetal growth retardation in group 2 pregnancies with 
a maternal serum AFP <0.5 multiples of the median. 
Although low levels have been reported to be associated 
with fetal trisomies, fetal death, and hydatidiform mole, 
an association with fetal growth retardation has not 
previously been reported.” *’ Because there was not a 
significantly increased rate of fetal growth retardation 
in pregnancies with low maternal serum AFP values in 
group |, additional studies must be performed in other 
populations to confirm or reject this relationship. 

Previous studies have also emphasized the low sen- 
sitivity of maternal serum AFP screening for detection 
of low-birth-weight infants.'* '° The relatively low pos- 
itive predictive value shown in this study may reduce 
the usefulness of an elevated maternal serum AFP as 
a clinical screening tool to identify women at risk of 
preterm delivery. Nonetheless, the association of ele- 
vated levels and preterm delivery does reveal that an 
increased number of pregnancies destined to be deliv- 
ered preterm can be identified early in the midtrimester 
and a population of women with about twice the risk 
of delivering preterm can be defined. This may be es- 
pecially valuable because maternal serum AFP screen- 
ing is routinely performed for other indications and 
values are available from a large number of women at 
no extra cost or patient risk. Therefore, either as an 
independent risk factor or perhaps by combining val- 
ues with other risk factors for preterm delivery, a group 
of pregnancies at high risk for preterm delivery can be 
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identified relatively early in pregnancy. Because pre- 
term delivery accounts for 70% to 85% of neonatal 
mortality and a significant portion of the long-term 
neurologic morbidity associated with childbirth,” ma- 
ternal serum AFP values may be useful in defining an 
at-risk population for clinical trials designed to reduce 
the incidence or complications of preterm delivery. 
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Postpartum ultrasonographic findings associated with 


placenta accreta 


Joel L. Shapiro, MD, David M. Sherer, MD, John T. Hurley, MD, Leon A. Metlay, MD, 


and Marvin S. Amstey, MD 
Rochester, New York 


Postpartum ultrasonographic examination of a patient with a retained placenta showed findings consistent 
with placenta accreta. The diagnosis was confirmed after surgery with histopathologic examination of the 
uterus. This case illustrates the possible clinical application of ultrasonography in the postpartum diagnosis 


of placenta accreta. (AM J OssTeT GYNECOL 1992;167:601-2.) 


Key words: Placenta accreta, retained placenta, postpartum ultrasonography 


Placenta accreta, increta, and percreta represent a 
spectrum of placentation abnormalities in which pla- 
cental villi attach to (accreta) or penetrate (increta, per- 
creta) the uterine myometrium. The characteristic his- 
topathologic feature of this condition is absence or poor 
development of decidua basalis. Predisposing factors 
include history of uterine surgery (cesarean delivery, 
myomectomy, or curettage), placental implantation in 
the lower uterine segment (often associated with pla- 
centa previa), or history of retained placenta. Although 
antepartum ultrasonographic characteristics of this 
condition have been reported,” postpartum ultrason- 
ographic findings of placenta accreta have not been 
described. We present a case in which postpartum ul- 
trasonographic data aided the diagnosis of placenta ac- 
creta. 
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Case report 

A 36-year-old woman, gravida 2, para 0, with a prior 
complete spontaneous abortion, presented at 41 weeks’ 
gestation. The pregnancy had been uneventful with a 
16-week sonogram demonstrating a single viable intra- 
uterine pregnancy and anteriorly located placenta. She 
was seen regularly and had normal findings at exam- 
ination with normal fetal heart rate 1 week before onset 
of labor. On presentation to the labor and delivery suite 
at 41 weeks’ gestation, no fetal heart tones were heard. 
Ultrasonography confirmed intrauterine fetal death. 
After intravenous oxytocin induction of labor, she was 
delivered vaginally of a stillborn male infant weighing 
2800 gm. No obvious external cause of fetal death was 
noted. The parents declined autopsy of the neonate. 

A retained placenta was noted. Both manual tech- 
niques and suction surettage were unsuccessful in evac- 
uating uterine contents to the extent that no placental 
fragments could be removed. Postpartum ultrasono- 
graphic examination was performed. This examination 
revealed placental tissue in the right cornual area with 
absence of a retroplacental hypoechoic zone (Fig. 1). 
Marked thinning of the myometrial mantle beneath the 
placental bed (1 cm) as compared with adjacent por- 
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Fig. 1. Postpartum sonogram demonstrating lack of hypoechoic retroplacental area (small arrows). 


Note thin myometrial mantle beneath placental bed (curved arrow) as oppesed to other adjacent 


areas. ut., Uterus; pl., placenta; bl., bladder. A, Sagittal view; B, transverse view. 


tions of the uterus (4 to 6 cm) was also noted. There 
was no uterine bleeding. Given the patient's stable con- 
dition and desire for future childbearing, expectant 
management was elected with her consent and thera- 


peutic options to spare the uterus (including the use of 


methotrexate and anticipation of subsequent placental 
sloughing) were considered. Approximately 24 hours 
post partum, the patient was noted to have a temper- 
ature of 38.8° C, rigors, uterine tenderness, and a white 
blood cell count of 26,100. Intravenous ampicillin with 
sulbactam, 3 gm four times a day, was started, and total 
abdominal hysterectomy was performed. Examination 
of the surgical specimen revealed a 1420 gm uterus 
with a firmly adherent placenta. The myometrium mea- 
sured | cm in thickness beneath the placental bed. Mi- 
croscopic examination revealed chorionic villi abutting 
against uterine smooth muscle with absence of decidua 
basalis, consistent with placenta accreta. The patient 
had an unremarkable postoperative course. 


Comment 

Previous studies have described antenatal ultrason- 
ographic findings characteristic of placenta accreta. | 
These include loss of a retroplacental hypoechoic or 
anechoic zone, placental tissue contiguous with myo- 
metrium, and prominent placental venous lakes and 
periuterine vascularity. Absence of the hypoechoic zone 
is thought to represent a defect in decidua basalis and 
adjacent myometrium whereas the vascular changes 
may be a result of alternative vascular patterns asso- 
ciated with an abnormal basal plate.” The majority of 
patients in these reports presented with uterine bleed- 
ing.’ ” In all of the cases in which an antenatal ultra- 
sonographic diagnosis of placenta accreta was estab- 
lished, the patients also had placenta previa or low-lying 
placentas.’ * In cases without further obstetric compli- 


cations such as placenta previa, a retained placenta may 


be the earliest indication of placenta accreta. Thus, in 
spite of the utility of ultrasonography in antenatal di- 
agnosis of placenta accreta, this condition may remain 
unsuspected until delivery has occurred, as in our case. 
Our case is unique in that, to the best of our knowl- 
edge, it is the first case in which ultrasonographic find- 
Ings consistent with placenta accreta were noted post 
partum. In addition to the lack of a retroplacental hy- 
poechoic zone, myometrium deep to the placenta was 
noted to be extremely attenuated. This thinning oc- 
curred in a markedly asymmetric fashion, with a sig- 
nificant difference in myometrial thickness deep to the 
placenta as compared with adjacent portions of the 
uterus. This asymmetry may represent lack of con- 
traction of the uterus over the area of retained placenta. 
Alternatively, these changes may represent myometrial 
response to placental tissue in the setting of accreta or 
an independent pathologic feature not previously de- 
scribed. 
Postpartum ultrasonographic examination has 
proved useful in confirming the presence of retained 
placental fragments when cases of both early and late 
postpartum hemorrhage are managed. In our case 
postpartum ultrasonographic findings consistent with 
placenta accreta were documented, confirming clinical 
suspicion. Further experience in this setting is required 
to determine whether precise knowledge of this con- 


dition before surgery will change clinical outcome. 
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Transvaginal ultrasonography in the differential diagnosis of 


adenomyoma versus leiomyoma 


Luigi Fedele, MD, Stefano Bianchi, MD," Milena Dorta, MD, Fabrizio Zanotti, MD, 
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Milan, Italy 


OBJECTIVE: We evaluated the reliability of transvaginal ultrasonography in the differential diagnosis of 


adenomyoma versus leiomyoma. 


STUDY DESIGN: Preoperative transvaginal ultrasonographic results were compared with postoperative 
pathologic findings in 405 women who underwent surgery for symptomatic uterine nodularity. 

RESULTS: For adenomyoma diagnosis, transvaginal ultrasonography demonstrated a sensitivity of 87%, a 
specificity of 98%, a positive predictive value of 74.1%, and a negative predictive value of 98.6%, 
compared with a sensitivity of 96.1%, a specificity of 83.3%, a positive predictive value of 98.4%, and 


negative predictive value of 35.7% for leiomyoma diagnosis. 


CONCLUSION: Transvaginal ultrasonography is an effective, noninvasive, and relatively inexpensive 
procedure for the preoperative differential diagnosis of adenomyoma versus leiomyoma. (Am J OBSTET 


GYNECOL 1992;167:603-6.) 
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Adenomyosis may present in two distinct forms, dif- 
fuse and nodular. In the diffuse form the foci of ad- 
enomyosis are distributed diffusely in the myometrium, 
and in the nodular form they consist of circumscribed 
nodular aggregates termed adenomyomas. At clinical ex- 
amination adenomyomas are generally mistaken for 
uterine leiomyomas. Until now preoperative differen- 
tial diagnosis between the two tumors has been almost 
impossible, and definitive diagnosis has had to wait for 
pathologic findings. 

The recent availability of the transvaginal ultrasono- 
graphic probe has provided the gynecologist with a new 
and sophisticated method of investigating uterine mor- 
phologic features. In the current study we evaluated 
the reliability of transvaginal ultrasonography in the 
diagnosis of adenomyoma in a group of patients un- 
dergoing surgery for symptomatic uterine nodularities 
by comparing the ultrasonographic findings with the 
postoperative pathologic results. 


Material and methods 


All 452 women with symptomatic (menorrhagia, in- 
fertility, pelvic pain) uterine nodularities admitted to 
our department to undergo myomectomy or hyster- 
ectomy from October 1988 to October 1990 were en- 
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rolled in the study. Myomectomy was performed in 147 
and hysterectomy on 305. The choice of surgical treat- 
ment was based on age and desire for childbearing. 
The median age was 43 years (range 21 to 54 years). 

All the women were scheduled to undergo transva- 
ginal ultrasonography the day before surgery with An- 
saldo AU 440 or Ansaldo AU 560 equipment and a 
transvaginal probe of 6.5 MHz. The sonographer di- 
agnosed adenomyoma in the presence of a dishomo- 
geneous circumscribed area in the myometrium, with 
indistinct margins and containing anechoic lacunae of 
varying diameter; leiomyoma was diagnosed when a 
nodular formation with well-defined margins, hetero- 
geneous structure, and variable echogenicity was de- 
tected in the myometrium. 

Postoperatively, the surgical specimen was examined 
by the pathologist who, in addition to performing rou- 
tine tests, analyzed all the uterine nodularities. Adeno- 
myoma was diagnosed when a circumscribed nodular 
aggregate of smooth muscle and endometrial glands 
was seen together with compensatory hypertrophy of 
the myometrium surrounding the site of ectopic en- 
dometrium. The presence of endometrial stroma was 
not required for the diagnosis.’ 

The pathologic findings were compared with those 
obtained by transvaginal ultrasonography. Nodular 
formations of <1 cm in diameter were not considered 
because they are frequently fulgurated in conservative 
interventions. 

The sensitivity and specificity of transvaginal ultra- 
sonography and the predictive values of normal and 
abnormal tests were calculated according to Stempel.” 
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Fig. 1. Adenomyoma of posterior wall of uterus. Transvaginal ultrasonography (A) and schematic 


drawing (B) show aggregate of anechoic lacunae with indistinct margins. C, Gross anatomy; D, 


microscopic findings of the same case. (D, Original magnification X 10.) 


Results 

‘Transvaginal ultrasonography was not performed in 
four women who were virgins or in 43 other patients 
for personal reasons. It was found acceptable by the 
remaining 405 women; exploration of the uterus was 
satisfactory in 381 whereas marked uterine enlarge- 
ment prevented complete exploration of the fundus in 
24. 

The sonographer identified a total of 920 nodular- 
ities and diagnosed 27 adenomyomas in 26 patients 
(one patient had two adenomyomas) (Figs. 1, A and B, 
and 2, A and B) and 893 leiomyomas in 359 cases (four 
patients had both leiomyoma and adenomyoma). The 
pathologist found 949 nodularities, 29 more than the 
sonographer reported. These 29 nodularities were all 
myomas of <2 cm in diameter, mainly located in the 
fundus. Pathologic examination revealed the presence 
of 23 adenomyomas (2.4%) in 22 patients (5.7%) (Figs. 
1, C and D, and 2, C and D). Three of these nodularities 
had been diagnosed as leiomyomas at ultrasonography 


whereas in the other 20 pathologic examination con- 


firmed the ultrasonographic finding. The other seven 
nodularities diagnosed as adenomyomas by ultraso- 
nography were found to be leiomyomas with degen- 
erative aspects at pathologic examination. In all these 
cases pathologic study revealed multiple areas of cystic 
degeneration that at ultrasonography appeared as ane- 
choic areas. Reviewing the sonograms alter pathologic 
diagnosis, we observed that in five of these cases the 
margins of lesions were clearly distinct, but this finding 
was not correctly considered. One nodularity, diag- 
nosed as leiomyoma by ultrasonography and initially 
by pathologic examination, was a leiomyosarcoma. All 
the remainsing 918 nodes identified by the pathologist 
were leiomyomas. 

With adenomyoma assumed to be an abnormal con- 
dition and the other types of node considered “nor- 
mal,” transvaginal ultrasonography demonstrated a 
sensitivity of 87% and a specificity of 99%, the predic- 
tive value of an abnormal ultrasonographic scan was 
74.1% and that of a normal one of 99.6%. When we 


considered leiomyoma as an abnormal condition and 
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Fig. 2. Adenomyomas of posterior wall of uterus. ‘Transvaginal ultrasonography (A) and schematic 


drawing (B) show two large anechoic areas surrounded by dishomogeneous myometrium. C, Gross 


anatomy; D, microscopic findings of the same case. (D, Original magnification X 10.) 


the other types of nodularity as “normal,” we found 

that the sensitivity of transvaginal ultrasonography was 

96.1% and the specificity was 83.3%; an abnormal scan 

had a predictive value of 98.4% and for a normal one 
hs 


the value was 35.7%. 


Comment 

In our study transvaginal ultrasonography was a 
valid diagnostic tool for the preoperative differentia- 
tion of adenomyoma from leiomyoma, The study was 
prospective and the series was large. 

The prevalence of adenomyosis reported in the lit- 
erature varies from 5% to 70%.* In the current study, 
which considered only the nodular type, the prevalence 
was 2.4% with respect to the total number of uterine 
nodularities and 5.7% with respect to the patients who 
underwent operation. 

Adenomyomas may be isolated or multiple and they 


develop in the myometrium. They are often contused 
with intramural myomas. Even on the operating table, 
in spite of their darker color and lesser consistency. 
Sometimes they present as polypoid masses in the en- 
dometrial cavity, and the possibility of malignant trans- 
formation is recognized.’ 

During surgical removal it is evident that adeno- 
myomas, unlike leiomyomas, do not have planes of 
cleavage with respect to the myometrium. Leiomyomas 
usually compress the surrounding myometrium, thus 
creating a pseudocapsule from which the tumor can 
easily be enucleated at surgery, whereas adenomyomas 
interdigitate with normal smooth muscle, making their 
surgical removal difficult or impossible. Therefore hys- 
terectomy remains the main therapeutic option for ad- 
enomyoma,® and it is of fundamental importance for 
the surgeon to know the nature of the uterine nodu- 


larities to be able to program a conservative operation. 
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Numerous attempts have been made to find a reliable 
instrument to diagnose adenomyosis. Unfortunately, 
the studies performed did not considered adenomy- 
omas and the more common diffuse form of the disease 
separately. Hysterosalpingography sometimes demon- 
strates muluple spiculations or tuft defects leading 
from the uterine cavity to the myometrial wall. Such 
images of adenomyosis are not readily distinguishable 
from those produced by vascular or lymphatic extray- 
asation.” Hysterosalpingography is thus no longer used 
for the diagnosis of adenomyosis. The diagnostic ca- 
pability of abdominal ultrasonography has been eval- 
uated in various studies. In the investigation of Walsh 
et al. of four patients with histologically verified ade- 
nomyosis, abdominal ultrasonography revealed char- 
acteristic irregular cystic spaces of 5 to 7 mm disrupting 
the normal fine speckled echo pattern of the uterus 
(honeycomb image). Buli et al.’ did not detect adeno- 
myosis by ultrasonography. Bohlman et al." reviewed 
the sonograms of seven women with pathologically ver- 
ified extensive adenomyosis and observed uterine ab- 
normal images at ultrasonography in six cases: en- 
larged uterus, increased thickness of the posterior wall, 
and a slight increase in uterine echogenicity. Also mag- 
netic resonance imaging has been used in the diagnosis 
of adenomyosis. Mark et al.” assessed the diagnostic 
capability of this method in 21 premenopausal patients 
with a strong clinical indication of adenomyosis. All 
eight cases affected by the diseases were correctly di- 
agnosed by magnetic resonance imaging. Focal ade- 
nomyosis appeared as a low-signal-intensity mass 
poorly marginated from the adjacent myometrium. To- 
gashi et al.” studied the potential of magnetic reso- 
nance imaging in the differentiation of adenomyosis 
from leiomyoma in 93 patients with enlarged uteri. In 
92 cases magnetic resonance imaging correlated well 
with pathologic findings but in one woman did not 
distinguish nodular adenomyosis from degenerate leio- 
myoma. 

The current findings confirm the limitations of trans- 
vaginal ultrasonography in the investigation of disease 
in an enlarged uterus observed by us in a previous 
study'' because of the impossibility of adequately ex- 
ploring the fundus of a markedly enlarged uterus. 
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Although the sensitivity and specificity of transva- 
ginal ultrasonography were elevated, the predictive 
value of an abnormal test was 74.1%. This means that 
in one case out of four a diagnosis of adenomyoma is 
made in the presence of a leiomyoma. Therefore, if 
the intraoperative finding does not correspond to the 
ultrasonographic diagnosis, we would recommend per- 
forming immediate histologic examination. 

In conclusion, the sensitivity of preoperative trans- 
vaginal ultrasonography in identifying adenomyoma is 
good. Its reliability may be somewhat less than that of 
magnetic resonance imaging, but it is a rapid, nonin- 
vasive, and relatively inexpensive diagnostic method 
that could be an important tool for the study of this 
neglected disease. 
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Predictive factors for the development of diabetes in women 


with previous gestational diabetes mellitus 


Peter Damm, MD, Claus Kühl, MD, PhD, Aksel Bertelsen, PhD,” and 


Lars Molsted-Pedersen, MD, PhD’ 
Copenhagen, Denmark 


OBJECTIVES: The purpose of this study was to determine the incidence of diabetes in women with 
previous dietary-treated gestational diabetes mellitus and to identify predictive factors for development of 


diabetes. 


STUDY DESIGN: Two to 11 years post partum, glucose tolerance was investigated in 241 women with 
previous dietary-treated gestational diabetes mellitus and 57 women without previous gestational diabetes 


mellitus (control group). 


RESULTS: Diabetes developed in 42 (17.4%) women with previous gestational diabetes mellitus 

(3.7% insulin-dependent diabetes mellitus and 13.7% non—insulin-dependent diabetes mellitus). Diabetes 
did not develop in any of the controls. Predictive factors for diabetes development were fasting glucose 
level at diagnosis (high glucose, high risk), preterm delivery, and an oral glucose tolerance test result that 
showed diabetes 2 months post partum. In a subgroup of previous patients with gestational diabetes 
mellitus in whom plasma insulin was measured during an oral glucose tolerance test in late pregnancy a 
low insulin response at diagnosis was found to be an independent predictive factor for diabetes 


development. 


CONCLUSIONS: Women with previous dietary-treated gestational diabetes mellitus have a considerably 
increased risk of later having diabetes. Follow-up investigations are therefore important, especially in those 
women with previous gestational diabetes mellitus in whom the identified predictive factors are present. 


(Am J OsBsTeT GYNECOL 1992;167:607-16.) 


Key words: Follow-up of women with previous gestational diabetes; predictive factors for 
development of diabetes; insulin-dependent diabetes mellitus; non—insulin-dependent 


diabetes mellitus 


Gestational diabetes mellitus complicates 1% to 3% 
of all pregnancies.” Gestational diabetes mellitus is 
defined as a carbohydrate intolerance of varying se- 
verity with onset or first recognition during pregnancy 
irrespective of glycemic status after delivery.’ Gesta- 
tional diabetes mellitus is thus a heterogeneous disor- 
der that in some cases can be managed satisfactorily by 
dietary treatment; in other cases insulin treatment is 
required. Gestational diabetes mellitus implies a sig- 


nificant risk to the mother for later development of 


overt diabetes.’ It is generally assumed that gestational 
diabetes mellitus primarily predisposes a patient to 
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non—insulin-dependent diabetes mellitus and not to in- 
sulin-dependent diabetes mellitus, but this issue has 
never been thoroughly investigated. In the majority of 
follow-up studies of women with previous gestational 
diabetes mellitus inhomogeneous populations have 
been examined, diverging definitions and diagnostic 
tests for gestational diabetes mellitus have been used, 
and different end-point criteria for subsequent devel- 
opment of diabetes have been applied.”” Differences in 
methods and definitions are the most likely reasons for 
the miscellaneous outcome of the studies. 

Because it is important to predict the risk of future 
development of overt diabetes shortly after delivery in 
a woman with gestational diabetes mellitus, the objec- 
tives of the current study were to determine the inci- 
dence of insulin-dependent diabetes mellitus, non—in- 
sulin-dependent diabetes mellitus, and impaired glu- 
cose tolerance in women with previous gestational 
diabetes mellitus and to identify predictive factors 
for the later development of overt diabetes in these 
women. 


Material and methods 


Subjects. During the period 1978 to 1985, 355 
women with gestational diabetes mellitus’ were diag- 
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nosed at the Diabetes Center at Rigshospitalet in Co- 
penhagen. All pregnant women consulting the de- 
partment were examined for gestational diabetes mel- 
litus by a routine screening procedure based on risk 
factors and fasting blood glucose values.? The definitive 
diagnosis of gestational diabetes mellitus was confirmed 
by a 3-hour, 50 gm oral glucose tolerance test that was 
considered abnormal if two or more glucose values ex- 
ceeded the mean +3 SD curve pertaining to a group 
of 46 normal nonpregnant controls investigated by the 
same procedure." The mean + SD for venous plasma 
glucose values were 6.4 mmol/L at 0 minutes, 10.1 
mmol/L at 30 minutes, 10.1 mmol/L at 60 minutes, 8.7 
mmol/L at 90 minutes, 7.6 mmol/L at 120 minutes, 7.6 
mmol/L at 150 minutes, and 6.6 mmol/L at 180 min- 
utes. All women with previous gestational diabetes mel- 
litus were initially treated with a 5000 to 8000 kJ/day 
diet, and treatment with hypoglycemic agents or insulin 
was only initiated if the mean of six daily glucose de- 
terminations exceeded 7 mmol/L (multiply with 18 to 
convert to milligrams per deciliter). Labor was routinely 
induced at term if spontaneous delivery had not already 
taken place. All women with previous gestational dia- 
betes mellitus were subjected to a 50 gm oral glucose 
tolerance test about 8 weeks after delivery and were 
invited to yearly oral glucose tolerance tests thereafter. 
A subgroup of the women with previous gestational 
diabetes mellitus had plasma insulin measured during 
the oral glucose tolerance tests in pregnancy and post 
partum. 

Seventy-four women who had normal 50 gm oral 
glucose tolerance test results in the last trimester of 
pregnancy in the period 1978 to 1985 served as con- 
trols. None had a family history of diabetes. 

Follow-up. All women with previous gestational di- 
abetes mellitus who had been treated with diet only and 
the controls were asked to participate in a follow-up 
study 2 to 11 years after the index pregnancy. Informed 
consent was obtained, and the study was approved by 
the local ethics committee. A 75 gm oral glucose tol- 
erance test was performed in women with previous ges- 
tational diabetes mellitus who had no known diabetes 
at the time of follow-up, in women with previous ges- 
tational diabetes mellitus who had dietary-treated non— 
insulin-dependent diabetes mellitus at follow-up, and 
in the controls. In women treated with insulin at follow- 
up, B-cell function was evaluated by an intravenous 
glucagon test." 

Procedures 

Seventy-five—gram oral glucose tolerance test. The women 
were instructed to ingest at least 150 gm/day of car- 
bohydrates for at least 3 days before the oral glucose 
tolerance test, which was performed in the morning 
after a 10-hour fast. Glucose (75 gm in 250 ml water) 
was given perorally and capillary blood samples were 
taken at 0, 30, 60, 90, 120, 150, and 180 minutes there- 
after. The results of the oral glucose tolerance tests were 
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evaluated according to the criteria of the World Health 
Organization." 

Glucagon test. After an overnight fast, venous blood 
samples for plasma C-peptide determinations were 
taken before and 6 minutes after an intravenous injec- 
ton of 1 mg of glucagon. 

Analyses 

Index pregnancy. Glucose was analyzed with the glu- 
cose dehydrogenase method. Until September 1982 
glucose values were measured in venous plasma; cap- 
illary whole blood was used thereafter. Plasma insulin 
was measured by radioimmunoassay.’ 

Follow-up. Glucose values were measured in capillary 
plasma with a glucose oxidase method. Plasma C-pep- 
tide was analyzed by a radioimmunoassay kit. 

Calculations and statistics. The incremental area 
under the curve for the oral glucose tolerance tests was 
calculated with the trapezoidal method and the fasting 
value as basal value. The yx? test and the Fisher exact 
test were used for comparison of frequencies. Com- 
parisons between medians of groups were made by the 
Mann-Whitney test. All tests were two-tailed and a 
p < 0.05 was considered significant. 

Logistic regression analysis was applied to determine 
which variables were significantly associated with the 
development of diabetes. A backward elimination pro- 
cedure was chosen. Only subjects who at the postpar- 
tum examination did not have overt diabetes and for 
whom all the studied variables had been recorded were 
included in this analysis. Odds ratios and 95% confi- 
dence intervals for each predictive variable (adjusted 
for all other variables) are given. 

Data were analyzed with three different models. 
First, a simple model was constructed in which baseline 
variables were analyzed together with the fasting glu- 
cose values from the oral glucose tolerance tests at di- 
agnosis and post partum and the main outcome of the 
postpartum oral glucose tolerance test (diabetic-non- 
diabetic). Second, more detailed data from the oral glu- 
cose tolerance tests were evaluated as predictive factors 
analyzing both glucose values measured during the oral 
glucose tolerance tests (0, 60, 120 minutes) and the 0 
to 60— and 0 to 120—minute glucose areas under the 
curve in the previously created logistic regression 
model. Third, the predictive value of plasma insulin 
was analyzed in a subgroup of women in whom plasma 
insulin had been measured during the oral glucose tol- 
erance test at diagnosis and post partum assessing the 
following variables in the second logistic regression 
model: insulin (0, 60, 120 minutes), the insulin areas 
under the curve, and insulinogenic indexes (insulin re- 
sponse per unit glucose stimulus) during oral glucose 
tolerance tests at 0 to 60 and 0 to 120 minutes. In this 
analysis the insulin variables were assessed as dichot- 
omized variables. 

The expected number of women with previous ges- 
tational diabetes mellitus in whom insulin-dependent 
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Table I. Baseline data from index pregnancy for women with previous dietary-treated gestational diabetes 
mellitus and in controls 










examination 


Variable (n = 241) 


Median age (yr) 501° 
Quartile range 26.2-33.6 
Median body mass index 23.0 


(kg/m*, prepregnancy) 
Quartile range 

No. with body mass index 
=25 kg/m’ (prepreg- 
nancy) 

No. with parity =2 

No. with first-degree rela- 
tive with diabetes 

No. of white women 

No. who had cesarean 


20.2-28.0 
87 (36%) 


136 (56%)t 
53 (22%) 


218 (90%) 
50 (21%)} 


section 
Median gestational week $9,5* 
of pregnancy at 
delivery 
Quartile range 38.7-40.0 
Median gestational week 34.1 


of pregnancy at diag- 
nostic OGTTS§ 


Quartile range 30.3-36.8 





*p < 0.001 vs controls. 
tp < 0.005 vs controls. 
tp < 0.05 vs controls. 


Women with previous gestational diabetes 


With follow-up 






Controls with 
examination at 
follow-up 
(n = 57) 







Without follow-up 
examination 


(n = 57) 








31.3 26.7 
27.1-35.5 25.1-29.3 
24.8 21.5 
21.3-30.1 20.1-26.5 
28 (49%) 16 (28%) 
38 (67%) 19 (33%) 
15 (26%) 0 (0%) 
50 (88%) 56 (98%) 
14 (25%) 5 (9%) 
39.0 40.2 
38.2-39.8 39.5-41.1 
34.0 34.0 
30.1-36.5 31.8-36.9 


Controls: gestational week for oral glucose tolerance test (OGTT) during pregnancy. 


diabetes mellitus developed during the period from 
index pregnancy to follow-up examination was calcu- 


lated on the basis of recent data for the incidence of 


insulin-dependent diabetes mellitus in the Danish-back- 
ground population (same area as the referral district 
of our hospital), which in the period from 1980 to 1984 
was 14.2 per 10° women per year for women aged 25 
to 29 years (personal communication, A. Mølbak, Steno 
Diabetes Centre, Gentofte, Denmark). This incidence 
was used as the background population incidence be- 
cause no data on the incidence of insulin-dependent 
diabetes mellitus in the age group of >29 years are 
available. 


Results 


Subjects. Of the 355 women with gestational diabetes 
mellitus, 298 could be treated satisfactorily with diet 
alone, 29 also needed treatment with oral hypoglycemic 
agents, and 28 women needed insulin therapy. Treat- 
ment with oral hypoglycemic agents at the Copenhagen 
center ceased in 1984. 

Of the 298 women with previous dietary-treated ges- 
tational diabetes mellitus, 241 (81%) participated in the 
follow-up examination. Of the 57 women who did not 
participate, 37 refused to do so, 14 had emigrated, | 
was pregnant, and 5 did not respond to repeated re- 
quests. The baseline characteristics of the women with 


previous gestational diabetes mellitus who did not at- 
tend the follow-up examination were comparable with 
those who attended (Table I). Baseline variables did not 
differ significantly between the two groups of women 
with previous gestational diabetes mellitus diagnosed 
by using venous plasma or capillary whole blood, re- 
spectively, for glucose value determination. Fifty-seven 
(77%) of the women in the control group took part in 
the follow-up examination. The 17 controls who for 
various reasons did not participate in the follow-up 
study did not differ significantly with respect to the 
baseline variables listed in Table I. Hence, 241 women 
with previous gestational diabetes mellitus and 57 
controls comprise the final study groups of this 
report. 

A median of 61 days (quartile range 53 to 70) after 
the index pregnancy, a postpartum oral glucose tol- 
erance test was carried out in 227 of the 241 women 
with previous gestational diabetes mellitus. 

Table II shows basal characteristics at follow-up for 
the women with previous gestational diabetes mellitus 
and the control group. 

Glucose tolerance at follow-up. Abnormal glucose 
tolerance was found in 83 (34.4%) of the women with 
previous gestational diabetes mellitus; 9 (3.7%) women 
were treated with insulin, 33 (13.7%) had non—insulin- 
dependent diabetes mellitus (oral glucose tolerance test 
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Table II. Basal characteristics at follow-up for women with previous dietary-treated gestational diabetes 


mellitus and in controls 







Women with previous 
gestational diabetes 
mellitus 


(n = 241) 











Controls 


(n = 57) 






Variable p Value 






Median age (yr) 36.0 34.0 <0.01 
Quartile range 31.9-40.1 32.2-36.0 
Median body mass index Paa 22.9 
(kg/m?) 
Quartile range 21.5-30.1 21.2-26.2 <0.05 
No. with body mass index =25 124 (51%) 16 (28%) <0.005 
kg/m” 
No. using oral contraceptives 24 (10%) 8 (14%) NS 
No. with parity =2 179 (74%) 41 (72%) NS 
Median length of follow-up (yr) 6.0 no 
Quartile range 4.7-7.7 6.0-8.2 <0.001 


NS, Not significant. 


result that showed diabetes or a fasting capillary plasma 
glucose >7.8 mmol/L), and 41 (17.0%) had impaired 
glucose tolerance. Four women in whom overt diabetes 
had developed were diagnosed at the postpartum oral 
glucose tolerance test. 

Among the controls, none had diabetes (p = 0.0001 
vs women with previous gestational diabetes mellitus), 
whereas 3 (5.3%) had impaired glucose tolerance 
(p < 0.05 vs women with previous gestational diabetes 
mellitus). The relative risk of the development of ab- 
normal glucose tolerance in women with previous ges- 
tational diabetes mellitus compared with controls was 
6.54 (95% confidence interval 1.98 to 21.55). 

No significant correlation was found between the du- 
ration of the follow-up period and the incidence of 
diabetes development. 

Baseline variables for women with previous gesta- 
tional diabetes mellitus in relation to the degree of glu- 
cose intolerance at follow-up are given in Table III. 

Insulin-treated subjects. Median plasma C-peptide 
6 minutes after intravenous glucagon was 0.09 
nmol/L (range 0.05 to 0.44), indicating serious re- 
duction in B-cell function in these patients'' who ac- 
cordingly were classified as having insulin-dependent 
diabetes mellitus. The median interval between the in- 
dex pregnancy and the diagnosis of insulin-dependent 
diabetes mellitus was 14 months (range 3 to 52). Women 
in whom insulin-dependent diabetes mellitus devel- 
oped had been significantly younger and leaner during 
the index pregnancy than those in whom it did not 
develop (p < 0.05). The number of women with pre- 
vious gestational diabetes mellitus in whom insulin-de- 
pendent diabetes mellitus might be expected to develop 
(241 women monitored for 1472 years) was 0.21 and 


thus significantly lower than the observed number of 


9 (99% confidence interval, 3.13 to 20.00). 
Subjects with non—insulin-dependent diabetes mel- 
litus. The median interval between index pregnancy 


and the diagnosis of diabetes was 48 months (range 2 
to 117). Four women who were treated with oral hy- 
poglycemic agents at follow-up had mean blood glucose 
levels >9 mmol/L and were therefore not subjected to 
an oral glucose tolerance test. 

Predictive factors for the development of diabetes. 
The combined frequency of diabetes (insulin-depen- 
dent diabetes mellitus and non—insulin-dependent di- 
abetes mellitus) was chosen as the dependent variable. 
Univariate analysis of the potential predictive factors 
listed in Table II showed significant association be- 
tween the development of diabetes and the following 
variables: parity 22, diagnosis of gestational diabetes 
mellitus early in pregnancy, fasting glucose >5 
mmol/L at diagnosis or 2 months post partum, a post 
partum oral glucose tolerance test result that showed 
diabetes (same criteria as for the diagnosis of gestational 
diabetes mellitus, excluding the four women with overt 
diabetes post partum), nonwhite race, delivery <3 
weeks before term, and delivery of an infant large for 
gestational age (>90th percentile). Maternal over- 
weight, either defined as a prepregnancy body mass 
index 225 kg/m? or a prepregnancy weight =120% of 
ideal weight, did not correlate with later diabetes de- 
velopment. No association was found between diabetes 
development and maternal age or family history of di- 
abetes. Finally, no association was found between preg- 
nancy complications such as preeclampsia, hydramnios, 
or neonatal morbidity and later diabetes development. 

Simple model. When the aforementioned variables 
were assessed as independent variables in a logistic 
regression analysis with diabetes development as the 
dependent variable, three variables achieved statistical 
significance (Table IV): fasting glucose value at diag- 
nosis (high glucose value = high risk) (odds ratio 3.35, 
95% confidence interval 1.84 to 6.12), preterm delivery 
(odds ratio 3.64, 95% confidence interval 1.14 to 11.60), 
and an oral glucose tolerance test result that showed 
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Table III. Baseline variables for women with previous dietary-treated gestational diabetes mellitus in 


relation to glycemic status at follow-up 2 to 11 years later 











Normal oral 
glucose tolerance 


Impaired 


Status at follow-up 








Non—insulin-dependeni 
diabetes mellitus 


Insulin-dependent 
diabetes mellitus 














glucose tolerance 













test 
Variable (n = 158) 
Median age (yr) 30.0 
Quartile range 26.4-34.0 
Median body mass in- 22.3 
dex (kg/m), prepreg- 
nancy) 
Quartile range 19.8-27.6 
No. with body mass in- 48 (30%) 
dex =25 kg/m* (pre- 
pregnancy) 
No. with parity =2 83 (53%) 
No. of nonwhite women 16 (10%) 
No. with first-degree 28 (18%) 
relative with diabetes 
Median gestational week 34.9 
of pregnancy at diag- 
nostic oral glucose tol- 
erance test 
Quartile range 31.7-37.0 
Median fasting glucose 5.0 
at diagnostic oral glu- 
cose tolerance test 
(mmol/L) 
Quartile range 4.6-5.5 
Postpartum oral glucose 26 (17%) 
tolerance test result 
showing diabetes 
with same criteria a 
in pregnancy 
(n = 227) 
Median gestational week 39.5 
of pregnancy at de- 
livery 
Quartile range 38.8-40.1 
No. with preterm deliv- 9 (6%) 
ery (>3 wk before 
term) 
No. of infants large for 10 (6%) 


gestational age 
(>90th percentile; 3 
pairs of twins ex- 
cluded) 





diabetes at the postpartum examination (same criteria 
as in pregnancy) (odds ratio 4.88, 95% confidence in- 
terval 2.14 to 11.15). Of the preterm deliveries, 80% 
were associated with spontaneous labor or premature 
rupture of the membranes and were not caused by 
routine induction or cesarean section. Neither a body 
mass index =25 kg/m*, maternal age, nor family his- 
tory of diabetes contributed to the logistic regression 
model. When the women who later had insulin-depen- 
dent diabetes mellitus were excluded from the analysis, 
the same three predictive factors were found; however, 
the addition of maternal overweight (body mass index 
=25 kg/m*) before pregnancy turned out to be a sta- 
tistically significant independent variable (p < 0.05). 
Initially the follow-up time was not entered into the 


(n = 41) (n = 33) (n = 9) 
30.1 30.2 26.0 
25.4-33.8 27.6-33.3 20.6-27.4 
23.7 25.7 21.0 
21.9-29.8 23.1-30.1 18.4-22.3 
19 (46%) 19 (58%) 1 (11%) 
22 (54%) 24 (73%) 7 (78%) 
7 (179%) 9 (27%) 0 (0%) 
13 (32%) 8 (24%) 4 (44%) 
31.0 32.3 32.0 
26.1-35.0 26.1-37.1 30.0-38.0 

5.7 5.5 
4.8-5.7 5.2-6.3 5.0-5.9 
16 (41%) 19 (66%) 5 (56%) 
39.1 38.9 39.0 
8.5-39.9 37.8-39.7 37.5-39.9 
4 (10%) 7 (21%) 2 (22%) 
7 (17%) 7 (21%) 5 (56%) 


analysis because of the lack of correlation between 
development of diabetes and duration of follow-up, 
and the result did not change significantly if the 
follow-up time was entered into the logistic regression 
analysis. 

Second model. In this analysis (Table V), in which 
glucose values and glucose areas under the curve from 
the oral glucose tolerance tests at diagnosis and post 
partum were also assessed as predictors, the fasting 
glucose at diagnosis and preterm delivery were still sig- 
nificant predictors. Moreover, the 120-minute glucose 
value at the diagnostic oral glucose tolerance test (high 
glucose value = high risk) and the 0 to 120 minute 
glucose area under the curve at the postpartum oral 
glucose tolerance test (high area under the 
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Table IV. Simple model: Independent predictive factors of future development of overt diabetes in 
women with previous dietary-treated gestational diabetes according to multiple logistic regression analysis 


(n = 223) 









Variable Coefficient + SE 

I. Fasting glucose at the 6.9021 Æ- 1.7527 
diagnostic oral glu- 
cose tolerance test* 

II. Preterm deliveryt = 1.2920 

III. Postpartum oral 1.5860 
glucose tolerance test 
result showing 
diabetest 

Intercept 


0.5912 
0.4212 


it i+ 


— 12.8049 + 3.0092 


95% Confidence 
Odds ratio interval 





Value 


aBa 1.84-6.12 0.0002 
3.64 1.14-11.60 0.0288 
4.88 2.14-11.15 0.0001 





*Variable I: Log fasting glucose in millimoles per liter. Odds ratios and confidence intervals are calculated comparing the 75th 
percentile (5.6 mmol/L) with the 25th percentile (4.7 mmol/L) as examples of high and low values. 


*Variable II: Delivery >3 weeks before term, 0; delivery =3 weeks before term, 1. 


¢Variable III: Nondiabetic oral glucose tolerance test post partum with same criteria as in pregnancy, 0; diabetic oral glucose 


tolerance test post partum with same criteria as in pregnancy, 1. 


curve = high risk) were significantly associated with 
later diabetes development. 

Analysis of the data for women diagnosed either by 
means of venous plasma glucose or capillary whole 
blood glucose revealed no significant differences in the 
regression coefficients found. 

Third model. Ninety-one women with previous ges- 
tational diabetes mellitus had plasma insulin measured 
during the oral glucose tolerance tests in pregnancy 
and post partum. To study the predictive value of in- 
sulin levels at fasting and during oral glucose tolerance 
test, insulin values at 0, 60, and 120 minutes and the 
insulin areas under the curve and insulinogenic indexes 
at 0 to 60 and 0 to 120 minutes were assessed with the 
second model (Table VI). Fasting glucose values at di- 
agnosis and the 0 to 120—minute glucose area under 
the curve post partum were significantly associated with 
diabetes development, but the 0 to 60—minute insulin 
area under the curve during pregnancy (low re- 
sponse = high risk) also contributed significantly to the 
model. Considered alone, fasting insulin values in preg- 
nancy or post partum did not contribute significantly 
to the model. 


Comment 


Our study confirms that women with previous ges- 
tational diabetes mellitus have a significantly increased 
risk of having overt diabetes or impaired glucose tol- 
erance after the index pregnancy. In our predomi- 
nantly white population, 17.4% of women with dietary- 
treated previous gestational diabetes mellitus later had 
diabetes and 17% later had impaired glucose tolerance. 
In contrast, among the women without previous ges- 
tational diabetes mellitus only 5.3% later had impaired 
glucose tolerance and none had diabetes. 

To our knowledge ours is the first study that has 


attempted to categorize meticulously women with pre- 
vious gestational diabetes mellitus who later had dia- 
betes into those with insulin-dependent diabetes mel- 
litus and those with non—insulin-dependent diabetes 
mellitus. It is normally assumed that gestational dia- 
betes mellitus predisposes women to non—insulin-de- 
pendent diabetes mellitus only, but our study revealed 
that >20% of those women who later had diabetes had 
insulin-dependent diabetes mellitus as indicated by a 
very low plasma C-peptide response to intravenous glu- 
cagon.'' More women with previous gestational dia- 
betes mellitus later had insulin-dependent diabetes 
mellitus than the number that could be expected from 
recent data pertaining to the background population 
in Denmark (personal communication, A. Mglbak, 
Steno Diabetes Centre, Gentofte, Denmark). In our 
study women with previous gestational diabetes melli- 
tus who later had insulin-dependent diabetes mellitus 
were generally leaner and younger during index preg- 
nancy than the remaining group; this finding was 
also reported by Dornhorst et al.” Although a yearly 
control oral glucose tolerance test was routinely offered 
to all women with previous gestational diabetes melli- 
tus, not all attended these examinations; therefore the 
exact time of the onset of diabetes (especially non— 
insulin-dependent diabetes mellitus) was difficult to es- 
tablish and, consequently, life-table analysis was not 
applied. There was a trend for insulin-dependent di- 
abetes mellitus to be diagnosed sooner after delivery 
(median 14 months) than non—insulin-dependent di- 
abetes mellitus (median 48 months), although it has to 
be remembered that the precise time of the onset of 
non—insulin-dependent diabetes mellitus was often not 
known. 

Henry and Beischer* used World Health Organiza- 
tion criteria to find an incidence of 12% of diabetes in 
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Table V. Second model: Independent predictive factors of future development of overt diabetes in 


women with dietary-treated gestational diabetes according to multiple logistic regression analysis 


(n = 214) 







Variable 


I. Fasting glucose at the 6.8965 + 2.1703 
diagnostic oral glu- 
cose tolerance test* 

II. Preterm delivery+ 

III. 120-minute glucose 
at diagnostic oral glu- 
cose tolerance testi 

IV. 0 to 120 minute glu- 
cose area under the 
curve at postpartum 
oral glucose tolerance 
test§ 

Intercept 


— 1.8930 + 0.6367 
2.8395 + 1.2727 


2.2951 + 0.6628 


— 30.9012 + 5.7964 





Coefficient = SE 





95% Confidence 
interval 


3.35 1.59-7.06 0.0015 
6.64 1.91-23.13 0.0029 
2.00 1.09-3.66 0.0257 
3.99 1.82-8.74 0.0005 


Odds ratio and confidence intervals for parameters analyzed as continuous variables were calculated comparing 75th percentile 


with 25th percentile as examples of high and low values. 
*Variable I: Log fasting glucose in millimoles per liter. 


Variable Il: Delivery >3 weeks before term, 0; delivery =3 weeks before term, 1. 


Variable III: Log 120-minute glucose in millimoles per liter. 


$Variable IV: Log 0 to 120—minute glucose area under the curve in millimoles per liter per minute. 


women with gestational diabetes mellitus 1 to 19 years 
before; using life-table analysis, they estimated an in- 
cidence of diabetes of 40% 17 years after pregnancy. 
With a follow-up time of 22 to 28 years, O'Sullivan’ 
reported that >35% of women with previous gesta- 
tional diabetes mellitus later had diabetes according to 
World Health Organization criteria; using life table 
analysis, he found the incidence of diabetes to be >50%. 
In a Hispanic population in Los Angeles, Mestman et 
al.” reported a frequency of diabetes in women with 
previous gestational diabetes mellitus of 65% 12 to 18 
years after index pregnancy. 

In contrast to the findings of several other studies, 
there was no significant correlation in our study be- 
tween the incidence of diabetes and the duration of 
follow-up. This difference might partly be the result of 
the relative short median follow-up time (6 years, range 
9 to 11); it could also be because the current definition 
of gestational diabetes mellitus includes women who 
continue to have abnormal glucose tolerances post par- 
tum. Also, the finding that some women with previous 
gestational diabetes mellitus had insulin-dependent di- 
abetes mellitus shortly after pregnancy might contrib- 
ute to the discrepancy. That we did not observe dif- 
ferences in the baseline variables between those women 
with previous gestational diabetes mellitus who did and 
those who did not attend the follow-up examination 
suggests that the women with previous gestational di- 
abetes mellitus who did not participate in the follow- 
up examination were not self-selected for any partic- 
ular risk of diabetes or impaired glucose tolerance. Un- 
like the majority of previous studies, our study focused 


on women with previous dietary-treated gestational di- 
abetes because it has previously been shown in our pop- 
ulation,” that a very high percentage of women with 
previous gestational diabetes mellitus who need insulin 
treatment during pregnancy have overt diabetes shortly 
after pregnancy. The plasma glucose cut-off limit for 
initiation of treatment with oral hypoglycemic agents 
or insulin in our study was higher than that reported 
in some of the previous studies. 

Some of the differences between the findings of our 
study and those studies previously published might be 
explained by differences in the profile of confounding 
variables with respect to the development of non—in- 
sulin-dependent diabetes mellitus and insulin-depen- 
dent diabetes mellitus in the different ethnic popula- 
tions studied. In Denmark the incidence of insulin- 
dependent diabetes mellitus is relatively high, whereas 
the incidence of non—insulin-dependent diabetes mel- 
litus is relatively low compared with the population of 
Hispanic women in Los Angeles. It must also be con- 
sidered that our population in general had a lower 
relative body weight than that reported in the majority 
of the previous studies. 

Another main objective of our study was to identify 
predictive factors for the later development of diabetes 
in women with previous gestational diabetes mellitus. 
Because different diagnostic tests and criteria for the 
diagnosis of gestational diabetes mellitus are being 
used, we decided first to analyze the data in a way that 
was not dependent of the glucose load of the oral glu- 
cose tolerance test. Because of the limited number of 
women in whom insulin-dependent diabetes mellitus 
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Table VI. Third model: Independent predictive factors of future development of overt diabetes in 


women with previous dietary-treated gestational diabetes according to multiple logistic regression analysis 
(n = 89) 










Variable Coefficient + SE 

I. Fasting glucose at di- 9.8451 + 3.4518 
agnostic OGTT* 

I1. 0-120—minute glu- 
cose area under the 
curve at postpartum 
oral glucose tolerance 
test} 

IHI. 0-60—minute insu- 
lin area under the 
curve at diagnostic 
oral glucose tolerance 
test 

Intercept 


2.3945 + 1.1430 


— 1.6189 + 0.7626 


— 30.8871 + 10.3518 








95% Confidence 
interval 


p 


Value 





Odds ratio 





6.94 1.83-26.24 0.0043 
3:15 1.08-9.23 0.0362 
5.26 1.13-22.50 0.0338 


—— oO eee 


Odds ratio and confidence intervals for parameters analyzed as continuous variables are calculated comparing 75th percentile 


with 25th percentile as examples of high and low values. 
*Variable I: Log fasting glucose in millimoles per liter. 


*Variable I1: Log 0 to 120—minute glucose area under the curve in millimoles per liter per minute. 


Variable III: 0 to 60-minute insulin area under the curve at the diagnostic oral glucose tolerance test >75th percentile, 1; 0 
to 60—minute insulin area under the curve at the diagnostic oral glucose tolerance test =75th percentile, 0. 


developed, it was not possible in a multivariate analysis 
to evaluate predictive factors for insulin-dependent di- 
abetes mellitus and non—insulin-dependent diabetes 
mellitus separately; for that reason, the dependent vari- 
able in the analysis was development of diabetes. Fast- 
ing glucose at the diagnostic oral glucose tolerance test, 
preterm delivery, and an oral glucose tolerance test 
result showing diabetes 2 months after delivery were 
independent predictors for development of diabetes. 
Other studies have also shown that an increased fasting 
glucose value at diagnosis is a predictor of future overt 


diabetes.’” Metzger et al."' found that the incidence of 


diabetes in women with previous gestational diabetes 
mellitus | year post partum increased from 23% at a 
fasting venous plasma glucose value <5.8 mmol/L. to 
86% when fasting glucose was =7.2 mmol/L. We also 
found that the fasting glucose value is a predictive fac- 


tor when analyzed as a continuous variable; the risk of 


diabetes developing being more than three times 
higher for women who have a fasting glucose value at 
diagnosis of 5.6 mmol/L as compared with those who 
have a value of 4.7 mmol/L. 

It is well known that subjects with impaired glucose 
tolerance have an increased risk of having diabetes later 
in life.” It is therefore not surprising that an abnormal 
oral glucose tolerance test after pregnancy is predictive 
of future diabetes development. Some women with a 
postpartum oral glucose tolerance test result showing 
diabetes might also have had impaired glucose toler- 
ance before becoming pregnant, as suggested by Har- 
16 


ris.” However, Lam et al.” recently showed that the 


majority of women with previous gestational diabetes 


mellitus with impaired glucose tolerance 6 weeks after 
delivery exhibited a normal oral glucose tolerance test 
result 1 year post partum. Others have also indicated 
that the result of the postpartum oral glucose tolerance 
test is predictive of later diabetes development.*? That 
the risk of diabetes development was increased almost 
fivefold if the oral glucose tolerance test result showed 
diabetes 2 months post partum and that almost 10% of 
the women who later had overt diabetes could be di- 
agnosed by the postpartum oral glucose tolerance test 
underline the importance of conducting oral glucose 
tolerance tests approximately 2 months after delivery 
in all women with previous gestational diabetes melli- 
tus. This is further supported by two recently pub- 
lished papers by Kjos et al.'* and Catalano et al.’ that 
reported an incidence of abnormal glucose tolerance 
of approximately 20% in women with previous gesta- 
tional diabetes mellitus tested post partum; overt dia- 
betes was diagnosed in 9%'* and 3%'° of the women, 
respectively, 

The finding that preterm delivery was significantly 
associated with later development of diabetes was 
rather unexpected and has not been described previ- 
ously. However, Catalano et al.” found that women with 
previous gestational diabetes mellitus who had abnor- 
mal glucose tolerance post partum (n = 7) delivered 
approximately 2 weeks earlier than women who had 
normal glucose tolerance post partum (n = 80); nev- 
ertheless, the difference did not reach statistical sig- 
nificance. An association between preterm spontaneous 
labor and poor glycemic control as assessed by hemo- 
globulin A, has been demonstrated in pregnancies of 
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women with insulin-dependent diabetes.” However, in 
our study the association of preterm delivery with later 
diabetes development was independent of both the fast- 
ing and the 2-hour glucose level during the oral glucose 
tolerance test. It might therefore be speculated that, in 
spite of the same degree of clinical control, women who 
delivered preterm were less well controlled with respect 
to a metabolite other than glucose and that this some- 
how indicates a more “severe” gestational diabetes mel- 
litus. 

In contrast to the results of some previous stud- 
ies,**, relative bodyweight was not a significant predic- 
tor for later diabetes development in our study. How- 
ever, our population of women with previous gesta- 
tional diabetes mellitus was leaner during the index 
pregnancies and had a higher incidence of insulin-de- 
pendent diabetes mellitus at follow-up than that re- 
ported in the majority of the previous studies. Also, 
when the logistic regression analysis was carried out 
excluding the women who later had insulin-dependent 
diabetes mellitus, a prepregnancy body mass index >25 
kg/m? turned out to be a significant predictor for non— 
insulin-dependent diabetes mellitus development. 

The interaction of the individual predictive factors 
can be illustrated as follows, considering different val- 
ues of predictive factors. The likelihood of diabetes 
development can, for the population of women with 
previous gestational diabetes mellitus participating in 
this study, can be calculated according to the logistic 


regression model shown in Table IV. The likelihood of 


diabetes development in a woman with a fasting glucose 
value of 5.6 mmol/L, a preterm delivery, and a post- 
partum oral glucose tolerance test result showing dia- 
betes would thus be 69%, whereas a woman with a 
fasting glucose of 4.7 mmol/L, a term delivery, and a 
normal postpartum oral glucose tolerance test result 
would have a 4% likelihood of having diabetes develop. 

In the second logistic regression model, a postpartum 
oral glucose tolerance test result showing diabetes was 
replaced by the 0 to 120—minute glucose area under 
the curve post partum as a predictive factor; both vari- 
ables reflect the result of the glucose tolerance in the 
nonpregnant state. The 120-minute glucose value dur- 
ing the diagnostic oral glucose tolerance test was a sig- 
nificant predictor independent of the fasting glucose 
value. O'Sullivan’ and Pettitt et al.” also found that the 
120-minute glucose concentration at diagnosis Is a pre- 
dictor of later diabetes development. 

In other groups at risk of diabetes development 
(non—insulin-dependent diabetes mellitus) a high-fast- 
ing plasma insulin value (reflecting insulin resistance) 
has been found to be predictive of diabetes develop- 
ment.”™™?”* With respect to the insulin response to glucose 
(reflecting pancreatic B-cell function), both increased 
and reduced levels have been found to have predictive 
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value.” Gestational diabetes mellitus is characterized 
by relative insulinopenia in spite of hyperinsulinemia,” 
and Metzger et al.'*” have demonstrated an association 
between a low insulin response to oral glucose during 
pregnancy and the incidence of diabetes | to 5 years 
post partum. Our study confirms that a low insulin 
response to oral glucose during pregnancy is a signif- 
icant predictor of later development of overt diabetes 
in women with gestational diabetes mellitus, thus in- 
dicating that women with previous gestational diabetes 
mellitus with reduced insulin secretion capacity have 
an increased risk of diabetes. No association was found 
between the fasting insulin level and diabetes devel- 
opment. 

The results of our study underline the importance 
of a regular postpartum assessment of glucose toler- 
ance in women with previous gestational diabetes mel- 
litus to secure an early diagnosis and institution of 
treatment. 


The technical assistance of M.L. Borgen, C. Kühl, 
L. Poulsen, and U. Jensen is gratefully acknowledged. 
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gon-4-en-3-0ne). a totally synthetic progestogen, and 0.030 mg of ethinyl estrad ol (9-nor-17e-pragna4,3,500)-tren-2C-yne- 
3, I7-dlof); 5 white tablets, each contalning 0.075 mg levonorgestrel and 0.04C mg ethinyl astradlol; 10 lightyellow tazlets, 
each containing 0.125 mg levonorgestrel and 0.030 mg ethinyl estradiol (7 light-green tablets containing inert Ingredien’s ara 
included in the 28-day triphasic regimen). i 

indications and Usage 

Oral contraceptwes are indicated for the prevention of pregnancy In women ‘who elect to use this product as a method 
of cantraception. 
Contralndications 
Oral contraceptives should not be used in women with any of the following conditions: thrombophlebitis or thramboerr balle 
disorders, a past history of deep-vein thrombophlebitis or thromboembolic disorders, cerebral-vascular or cormnory-artery 
disease, known or suspected carcinoma of the breast, carcinoma of the endometrium or other known or suspected astragan- 
dependant neopicsia, undiagnosed abnormal genital bleeding, cholestatic jaundice of pregnancy or Jaundice with pror pii 
use, hepatic adendmas or carcinomas, known or suspected pregnancy. 

Warnings 


Cigarette smoking Increases the risk of serlous cardiovascular side affects from oral-contraceptive use. This risk Incracses 


with age and with heavy smoking (15 of more clgarettes per day) and Is quite marked In woman over 35 years of age. Women 
who use oral cottraceptives should be strongly advised not to smoke. 





The use of oral contraceptives Is associated with Increased risks of several serious conditions including myocardial Info ttan, 
thromboembolism, stroke, hepatic neoplasia, gallbladder disease, and hypertersion, although the risk of serious morbidly or 
mortallty is very small in heatthy women without underlying risk factors. The rsx of morbidity and mortality increases signifi- 
cantly in the presence of other undartying risk factors such as hypertension, hypanipldemias, obesity and diabetes. Practitian- 
ars prescribing oral contraceptives should be familiar with the following information relating to these risks. The Information 
contained in this package insertis principally based on studies carried out in patients who used oral contraceptives with Higher 
formulations of asttogens and progestogens than those in common use today. The effect of long-term use of the oral contacep- 
tives with lower formulations of both estrogens and procestogens remalns to 3e determined. Throughout this labeling, epl- 
demiological studies reported are of two types: retrospective or case contro! studies and prospective or cohort studies Case 
contro! studies provide a measure of the relative risk of disease, namely, a rafo of the incidence of a disease among aral- 
contraceptive users to that among nonusers. The relative risk does not provide Information on the actual clinical occurreice 
of a disease. Cchort studies provide a measure of attributable risk, which is the difference In the incidence of disease betwen 
ofal-contracep*iva users and nonusers. The attributable risk does provide inform ation about ihe actuat occurence of a diseasa 
in the population. For further information, the reader is referred to a text on spldemiological methods. 

1. Puromboembole Disorders and Other Vascular Problems 

a. Myocardial infarction. An increased risk of myocardial Infarction has bean cttribuled to oral-contraceptive use. This risk is 
primarily in srroters or women with other underlying risk factors for coronary-artery disease such as hypertension, hyper- 
cholestemlemia, morbid obesity, and diabetes. The relative isk of heart attack for current oral-contraceptive users has been 
estimated to be two fo six. The risk is very low under the age of 30. Smoking in combination with oral-contracepiive ise has 
baen shown fo contribute substantially to fhe incidence of myocardial infarcticns in women in thelr midshirtiss of olcer with 
smoking accoun ing for he majority of excess cases. Mortality rates associated with circulatory disease have been st own fo 
increase substartially in smokers over the age of 36 and non-smokers over tha age of 40 among women who use oral con- 
traceptives. Oral >onfraceptives may compound the effects of well-known risk “actors, such as hypertension, diabetes hyper- 
lipidemios, age and obssity. in particular, some progestogens are known fo decrease HDL cholesterol and cause clucose 
intolerance, whils estrogens moy create a stale of hyperinsulinism. Oral contraceptives have been shown fo increase b ood 
pressure among users (see section 9 in “Wamings"). Similar effects on tisk factors have baen associated with an increased 
risk of heart d sease, Oral contraceptives must ba used with caution in women with cardiovascular disease risk faccors. 


b. Thromboembolism. An increased risk of thromboembolic and thrombotic cisease associated with the use of oral coaira- 
ceptivas is wel sstabiished. Case control studies have found the relative risk 3f users compared to nonusers to be £ for the 
first episode of superficial venous thrombosis, 4 to N for desp-vein thrombosis ar pulmonary embolism, and 1.5 to 6 for women 
witb predisposing conditions for venous thromboembolic disease. Cohort studies have shown the relative risk io be somewhat 
lower, about 3 fcr new cases ond about 4.5 for new cases requiring hospitalization. The risk of thrombosmbolle disease dus 
to oral contraceptives is not related to length of use and disappears after pif usa is stopped. A two-to four-fold increase In 
relative risk of pc stoparative thromboembolic complications has been reportec with the use of oral contraceptives. The relativa 
tisk of venous th ombosis in women whe have predisposing conditions is ice hat of women without such medical condifions. 
if feasible, orci contraceptives should be discontinued af least four weeks prior to and for two weeks offer elective sugary 
of o type asssciated with an increase in risk of thromboembolism and during and following protonged immobiizofion. 
Since the Immadiote post partum period is aiso associoted with an increased risk of thromboembolism, oral contrazeplives 
should be startad no sariler than four fo six weeks after delivery in women who elect nol to breast-feed, or o midrimester 
pregnancy termination. ; 

c. Cerebrovascular diseases. Oral coniroceplives have been shown fo increase boih fhe relative end attributable risks of 
cerebrovascular events (thrombotic and hemorhagic strokes), although, in general, the risk is greatest among oldar (>35 
years), hyperisnsive women who also smoke. Hypertension was found to be a sk factor for both users and nonusers, for both 
types of strokes, while smoking interacted fo increass the risk for hemorthcgic strokes. in a large study, tha relothe rsk of 
thrombotic strokes has been shown to ronge from 3 for normotensive users to H forusers with severe hypertension. The relotive 
risk of hemorhagic stroke is reported to be 1.2 for nonsmokers who used oral contraceptives, 2.6 for smokers who did nol use 
orol contraceplives, 7.6 for smokers who usad ofa! cordroceptives, 1.8 for no-motensive users and 25.7 for users wiih severe 
hypertension. The oftributabie risk is also greoter in older women. 


d. Dose-relatec risk of vascular disease from oral contraceptives. A positive association has been observed between ihe 
amount of estmgen and progestogen in orai contraceptives and the risk of vascular disease. A decine in serum high-dansily 
lipoproteins (HDL) has basn reported with many progesictional agents. A decline in serum high-densily lipoprobins has 
been ossocicted with an Increased Incidence of ischemic heart disease. Because estrogens increase HDL choissterci, the ne! 
effect of on orci contraceptive depends on a balance ochieved between doses of estrogen ond progestogen and IHs nature 
ond absolute cmount of progestogen used In the controceptivea The omoun of both hormones should be considemd in the 
choice of on orol contraceplivea. Minimizing exposure fo estrogen and progestogen Is in keeping with good prircipias of 
fheropsulics Far ony particular astrogen/progestogen combination, the dosage regiman prescribed should be one wen con- 
tains the least amount of estrogen and progestogen that Is compatible with 2 low follure rote and the needs of ihe hdbidual 
potent. New acceptors of orot-contraceptive agents should be stared on preparations containing less thon 50 mcg 
of estrogen. 

a. Persistence Df risk of vascular disease There are two studies which have shown persistence of risk of vascular disease for 
ever-Users of Oval contracaptives. in a study in the United States, the risk of developing myocardial Infarction after disconfinuing 
oral contraceptives parsists for at lsasf 9 years for women 40-49 yeors who had used oral contraceptives for five of mote years, 
but this incracsed risk was not demonstrated In other age groups. in anofer study in Greot Briain, fhe risk of daveloping 
cerabrovascular disease persisted for at lecst 6 years aftar discontinuation of oral contraceptives, cifough excess risk was 
vary small. However, both studies were performed with oral-controceptive fcrmutations containing 50 micrograms or higher 
of estrogens. 

2. Estimates o” Mortality rom Contraceptive Use. One study gothared data from a variety of sources which have estimated the 
mortality rote associated with differant meihods of contraception at different ages. These estimates Include tha comoinad risk 
of deoth associated with contraceptive methods plus the isk oftribulable pregnancy in the event of method foiure. Each 
method of costraception has its specific benefits and risks. The study concluded that with the axcaption of orai-corgraseptive 
usars 35 ard older who smoke ond 40 ond older who do not smoke, mortality assocloted with all mathads of birth control 
is less thor that associated with childbirth. The observation of o possibla increase in risk of mortality with aga for oral- 
contraceptive users is based on dolo gathered in the 1970's—but no? repoted until 1963. However, current clinical practice 
involves the use of lowar estrogen dose formulations combined with careful restriction of oral-contraceptive use to women who 
do not have fhe various risk factors listed in this labeling. Because of these changes in practice and, also, because cf some 
limited new dota which suggest that the risk of cardiovascular disease wih the use of oral controceptives may new be less 
than previosdy observed, the Fertility and Matema! Health Drugs Advisory Committee wos asked to review the topic in 1989. 
The Commiffee concluded thot although cardiovascular-disease risks may be increased with orol-contraceptive us3 ater age 
40 In heathr nonsmoking women (even with the newer low-dose formulotions), there are greater potantial heath risks 
associated with pregnancy in older women ond with the alternative surgicat ond medicai procedures which may be nesessary 
if such women do not have access to effective ond acceptable means of coniraception. Therefore, the Commitee recom- 
mended thatthe benefits of ora!-contraceptive use by healthy nonsmoking women over 40 may outweigh the possible risks. 
Of course, sider women, os al! women who take oral contraceptives, sheid take the lowest possible dose formi lation that 
is effective t 

3. Carcinoma ofthe Reproductive Organs. Numeraus epidemiologica! studies hove been performed on the incidenca of breast, 
endometrial. ovarian and cervical concer in women using oral controcepsives. The overwhelming evidence In the iNeroture 
suggests that use of orat contraceptives Is nof associated with an Increase In the risk of developing breast concer, regardless 
of fhe oge and parity of first use or with most of the marketed brands and doses. The Concer and Steroid Hormcne (CASH) 
study also showed no latent effect on the risk of breast cancer for at feast a decade following longterm use. A “ev studies 
have shown a slightly increased relative risk of developing breast cancer, aithough the methodology of these studies, which 
included diff2rences In examination of users and nonusers and differences in age at start of use, has bean questicned. Some 
studies sujcest that orat-contraceptive use has been associated with an Increase In the risk of cervical Intraepthetial neo- 
plasta In some populations of women. However, there continues to be controversy obaut the extant to which such findlags may 
be due to differences In sexucl behovior and other factors. In spite o many studies of the relationship beween oral- 
contraceptie use and breast and cervical cancers, a cause-ond-effect relationship has not been established, 

4. Hepatic Neoplasia, Benign hepatic adenomas are assacicted with oral-contraceptive use, although the incidence of benign 
tumors is ro-e In the United States. Indirect calculations have estimated the attributable risk fo be in the range of 3.3 cases/ 
100,000 tor users, a risk that Increases after four or more years of use. Rupture of rare, benign, hepatic adenomas may cause 
death thrcugh intra-abdominal hemorrhage. Studies from Britain hove shown on increased risk of developing heaatocellular 





carcinoma In longterm (>8 years) oral-contraceptive usars, Howeve’, thase cancers ore extremely rare in the US, ond the 
attributable risk (the excess Incidence) of liver cancers In ora-controceative users approaches tess fon one per million users, 


5. Ocular Lesions. There have been clinical cose reports of retinal thrombosis assoclatad with the usa of oral contra- 
captives. Oral contraceptives should be discominued if there ts unexplained partial or complete loss cf vision; onset of proptosis 
or diplopia; papliledema; or retinal vascular lesions. Appropriate dicgnestic and therapeute maasures should be under- 
taken Immediately, 

6, Oral-Cantraceptive Use Before or During Early Pregnancy. Extensive epidemiologica! studies have revaaled no increased risk 
of birth defects In women who hove used oral contraceptives prior ta pregnancy, Studies also do not suggest a teratogenic 
effect, particularly insofar as cardiac anomakes and Umb-+eduction dafects are concemed, when ‘aken Inadvertent during 
eorly pregvancy.-The administration of oral contraceptives to induce withd uwal bleeding should not be used as a test for pregnancy. 
Oral contraceptives should not be used during pregnancy to treat threatened or habitual abortion. Ht ls recommended that for 
any patient who has missed two consecutive periods, pregnancy should be ruled out before continu.ng ord-contraceptive use. 
If the patiant has not adhered to the preseribed schadule, tha possibility of pregnancy should be considered at the time of the 
first missed period. Oral-controceptive use should be discontinued if pregnancy is confirrned. 

7. Goliblodder Diseose, Earllar studlas have raported an Increased lifetime relative risk of gallblodder surgery in users of oral 
contraceptivas and estrogens. Mare recent studies, however, have shown that the relative risk of dave oping gallbladder disease 
among onat-controcepitve users may be minimal. The recent tindings of ralnimal risk may be related to the use of oral-cantraceptive 
formulatizns containing lower hormonal doses of estrogens and projastogens. 

8. Carbohydrate and Lipid Metabolic Effects.Cro) contraceptives have teen shown to cause glucose Intolerance In a significant 
percentage of users. Oml contraceptives cortalning greater than 75 nicragrams of estrogens couse hyperinsulinism, while 
lower doses of estrogen cause less glucose Irtolerance. Progestogens Increose Insulin secretion and create Insulin resistance, 
this effect varying with different progastational agents. However, in the sondlobetic woman, oral cortraceptives appear to hava 
no effect an fasting blood glucose Because of these damonstrated effects, prediabetic and diabetic woman should be carefully 
observec while taking oral contraceptives, A small proportion of women will have persistent hypertighceridamio while on the 
pill. As discussed earlier (sea “Wamings” 1a. and 1d.), changes In serum triglycerides and Ilpoprote!1 levels have been reported 
In orat-contraceptive users, 

9. Aevated Blood Pressure. An increase in blood pressure has been reported in women taking oral contraceptives and this increase 
is more ikel In older arol-contmaceptive uses and with continued use Dota from the Royal College of Generot Practitioners 
and subsequent rondomized trials have shown that the Incidence cf hypertension increases with Increasing quantities of 
progesicgans. Women with a history of hypertension orhypertension-selated diseases, or ranal disease should be encouraged 
fo use ar other method of contraception, if women with hypertension elect fo use oral contraceptives, they should be monitored 
closely, ond if significant elevation of blood pressure occurs, oral contraceptives should be discontinued. For most women, 
elevated blood pressure will retum to normal after stopping oral conwacaptives, and there Is no difference In the occurence 
of hypertension among ever-and never-users. 

10. Headache. The onset or exacerbation of migraine or development of haadache with a new patiern that is recurrent, persis- 
fant or savare requires discontinuation of oral contracaptives and evaluation of the couse, 

N. Bleeding irregularities. Breakthrough bieading and spotting are so netimes encountered In patients on orol contraceptives, 
especia ly during the first hres months of ise. The type } 
should be considered and adequate diagnostic megsuras token to “ule out malignancy or pregnancy In the event of break- 
through bleeding, as in the case of any abnormal vaginal bleeding, If pathology has bean excluded, time ora change to another 
formulcion may solve the problem. In the event of amenormaa, preg ancy should be ruled out. Same woman may encounter 
post-pill amanorhea or ollgomanonhsa, especially when such a condition wos preexistent. 


Precautions 

1. PHYSICAL EXAMINATION AND FOLLOW UP. A complete medical history and physical examination should be token prior fo 
the initiation or reinstitution of oral contraceptives and af laost annual y during use of oral contraceptives, Thase physical exam- 
inations should Inciude special reference to blood pressure, breasts, abdomen and pelvic organs. including ceivical cytology, 
and relevant faboratory tests. In case of undiagnosed, persistent or recurrant abnormal vaginal bleeding, appropriate diog- 
nostic mecsures should be conducted fo mule out malignancy. Women with o strong family history of breast cancer or who 
have breast nodules should be monitored with particular cara. 2. UID DISORDERS, Women wha are baing treated for typar- 
lipidemias should be followed closely if they elect to use oral contracaptives. Some progestogens may elevote LDL tevais and 
may render fhe control of hyperipidemias more difficull, Gee “Worrings” Id.) 3. LIVER FUNCTION, if foundica develops in any 
woman receiving such drugs, the medication should be discontinuec. Steroid hormones may be poory metabolized in patients 
with impaired liver function. 4, FLUID RETENTION. Oral contraceptives may cause some degree of fluld retention. They should 
be prescribed with caution, ond only with careful monitoring, in pat ents with conditions which might be aggravated by fluld 
retenticn. 5. EMOTIONAL DISORDERS. Patients becoming significantly depressed white taking orci contracaptives should stop 
ihe medication and use on altemate method of contraception in an ctlempt to determine whetherthe symptom Is drug reloted, 
Women with a history of depression should be carefully observed and the drug discontinued if depression recurs to a serious 
degree 6. CONTACT LENSES. Contactiens wearers who davelop visual changes or changes In lens tolerance should be 
assessed by an ophthalmologist. 7. DRUG INTERACTIONS. Reduced e‘ficacy and increased incidence of breakthrough bleeding 
ond manstrucl imeguiorities have been osscciated with concomitant use of diempin. A similar ass dclotion, though less marked, 
has bean suggested with barbiturates, phenylbutazone phenytoin sodium, and possibly with grisaofulvin, ampicillin and tetro- 
cyciines. 8. INTERACTIONS WITH LABORATORY TESTS. Certain endoerine-ond liver-function fests and blood components moy 
be affested by ari contraceptives: o. increased prothrombin and factors Vil, Vill, IX, and X: decreased antithrombin 3; increcsed 
norepinephrine-induced platelet aggragability. b Increased thyrold-b nding globulin (TBG) leading fo increased circulating toloj 
thyroid hormone, os measured by protein-bound iodine (PB), T4 by column or by radioimmunoassay. Free T3 resin uptake is 
decrecsed, reflecting the elevated TBS, free T4 concentration is una tered. c. Other binding proteins may be elevated in serum. 
d. Sexbinding globulins are increased and result In slevated tevels of total circulating sex steroids and corticolds; however, 
tree or biologically active levels remain unchanged. e. Triglycerides may be increased. f. Glucose tolerance may be decreased. 
4.Senim folate levels may be depressed by oral-contraceptive therapy. This may be of clinical significance if a women becomes 
pregncnt shortly after discontinuing orol contraceptives. 9, CARCINOGENESIS See “Warnings” section. 10. PREGNANCY. Pregnancy 
Category X. Ses “Controindications” ond Warnings” sections. 1. NURSING MOTHERS, Smoil amounts of orol-contraceptive 
stercics have been identified In the milk of nursing mothers and o fev adverse effects on the child have been reported, including 
jaundice and breast enlargement. In addifion, om! contraceptives given in the postpartum period may interfere with ioctation 
by decreasing the quantity and quolity of breast milk. H possible, he nursing mother should be advised not to use oralcon- 
tracertives but to use other forms of controcepfion until she hos complataly weaned her chile. 

information for the Patient? $ 

See Patient Labeling. 

Adverse Reactions 

An increased tisk of the folowing serious adverse reactions hos been cesociated with the use of ora! contraceptives (sae “Warnings” 
secto): thrombophiebitis, arterial thmmboembolism, pulmonary err bolism, myocardial infarction, cerebral hemonhaga, cerebral 
thrombosis, hypertension, gallbladder disease, hepatic odenomes or benign liver fumors. 

There is evidence of an ossociation betwean the following conditicns and the use of oral contraceptives, cithough additional 
confirmatory studies ore needed: mesen eric thrombosis, retinal “hrombosis. 

The Icllowing adverse reactions hove been reported in patients race'ving oral contraceptives and are belleved fo be drug related: 
nouseo; vomiting: gastrointestinal symptoms (such as abdominal cromps and bloating); breakthrough bleeding; spotting; change 
in menstrual flow; omenormhea; temporary infertility after disconfinuction of treatment; edema: melasma which may persist; 
breast changes: tendemess, enlargement secretion; chongs in weight (increase or decrease); chonge in cervical erosion and 


secretion; diminution in ioctation when given immediately postparum; cholestatic jaundice; m graine; rash (allergic); mental ` 
depression; reduced tolerance to corbotydrates; vaginal candidicsis; change in comeal curvcture (steepening); intolerance p 


fo contact isases. i 
The following adverse reactions have been reported in users of oral contraceptives ond the association hes been nelther confimed 
nor refuted: congenital anomalies, prernenstrual syndrome, cotoracts, optie neuritis, changes in appelita, cysiitis-like syndroma, 
headache, nervousness, dizziness, hirsutism, loss of scalp holt, érytieme mulfiforme, cerebralwascular disease with mitral valve 
proigase. lupus-ike syndromes, erythema nodosum, hemorhagic eaipiion, porphyria, ir pored renal function, hemolytic 
uremic syndrome, Budd-Chied syndrome, cone, changes in libido, coftis, sickle-cell disease. 

Overdosage 

Sericus Hi effects have not been reported following acule ingestion of large doses of oral contraceptives by young children. 
Overdosage may cause nausea, and wihdrowal bleeding may eccur in females, 

Noncontraceptive Health Benefits 

The following noncontraceptive health benafits related to the use of oral contraceptives ara supported by epidemiological 
peer which goy utiized orct-controcaptive formulations conteining doses exceeding 0.035 mg of ethiny! estradiot or 0.08 
mg of mestranot. 

Effects on menses: increased menstrua! cycle regutarity, decreased blood loss and decreasad incidence of fron-defielency 
anemia, decreased incidence of dysmenorrheo. 

Effects retated to inhibition of ovulation: cecreased incidence of f.nctional ovarian cysts, decreased incidence of ectopic preg- 
nancies. 

Effects from long-term use: decreased incidence of fibroadenomas and fibrocystic disease of the breast, decreased incidence 
of acute pelvic Inflammatory disease, dacreasad incidence af exdometrial cancer, decreased Incidence of ovarian cancer. 
Dosage and Admintstration 

Toashieve maximum contraceptive effectiveness, TRI-LEVLEN® tabtets (Lavonorgestret and Ethinyt Estradio! Tablets—-Triphastc 
Rag men) must be taken exactly as directed ond at intervals not exceading 24 hours. 


and dase of progastagan may be impo-tant. Nonhormnonal couses- 


P” 


For full detalis on dosage and administration see prescribing irformation In package Insert, 60627-0 5/90 
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Fetal surveillance in pregnancies complicated by 
insulin-dependent diabetes mellitus 


Mark B. Landon, MD,’ Oded Langer, MD, Steven G. Gabbe, MD,* Carol Schick, RN; and 


Lois Brustman, MD” 
Columbus, Ohio, and Bronx, New York 


OBJECTIVE: Our objective was to determine whether maternal vascular disease and/or glycemic control 


can be related to tests of fetai condition in diabetic pregnancies. 


STUDY DESIGN: A total of 114 women with insulin-dependent diabetes who used a memory-based 
glucose reflectance meter were prospectively evaluated. Nonstress testing was begun weekly at 28 to 30 
weeks and twice weekly at 32 weeks. A nonreactive nonstress test was followed by a biophysical profile in 


all cases. 


RESULTS: A tota! of 1676 nonstress tests was performed (14.7 + 3.2 tests per patient). Eight percent 

(n = 134) were nonreactive, necessitating a biophysical profile. A comparison of ambulatory glucose 
profile data, including mean blood glucose level, variation, and excursions from the median, revealed no 
significant differences in patients with reactive versus nonreactive nonstress tests. Ten patients, including 
eight with vascular disease, were delivered because of abnormal test results of fetal condition. 
Nephropathy or hypertension was associated with intervention for fetal well-being in 8 of 20 women (40%) 
with these risk factors. Only 2 of 94 patients (2%) without nephropathy or hypertension required delivery 
because of abnormal! results of fetal testing (p < 0.001). One fetal death occurred. No significant 
differences in the various glycemic parameters were found in women delivered for suspected fetal 


jeopardy versus the nonintervention group. 


CONCLUSION: Fregnancies complicated by vascular disease are at greatest.risk for abnormal results of 
fetal testing that necessitate early delivery. Women without vascular complications and with maintenance 
of good glycemic control rarely have fetal compromise. (AM J OssteT GYNECOL 1992;167:617-21.) 


Key words: Diabetic pregnancy, glycemic control, fetal testing 


Although intrauterine fetal death has become an un- 
common event in pregnancies complicated by insulin- 
dependent diabetes, intensive antepartum fetal sur- 
veillance during the third trimester remains the stan- 
dard practice of obstetricians.’ Goals of antepartum fe- 
tal surveillance include the avoidance of intrauterine 
death, early detection of fetal compromise, and pre- 
vention of unnecessary preterm delivery. None of these 
techniques has been subjected to prospective random- 
ized clinical trials, but the methods have been incor- 
porated into complex patient-care programs consisting 
of a specialized team approach with an emphasis on 
normalization of maternal blood glucose levels.? Inter- 
vention because of abnormal results of fetal testing is 
performed in <5% of pregnancies complicated by in- 
sulin-dependent diabetes mellitus.* Prior studies con- 
cerning fetal surveillance in pregnancies by insulin-de- 
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pendent diabetes mellitus have failed to include a de- 
tailed description of the clinical characteristics of the 
study population, such as the presence or absence of 
vascular disease and a detailed description of glycemic 
control. The current study was therefore performed to 
determine if a relationship exists between the results 
of tests of fetal condition and these parameters in 
women with insulin-dependent diabetes mellitus. We 
hypothesized that in a population with well-controlled 
insulin-dependent diabetes mellitus the presence of 
maternal vasculopathy would be the principal risk fac- 
tor for fetal compromise. 


Material and methods 


During the period July 1988 to January 1991, all 
pregnant patients with insulin-dependent diabetes mel- 
litus using a memory-based glucose reflectance meter 
and undergoing fetal surveillance during the third 
trimester were enrolled in this study. Patients were in- 
structed on the use of self-monitoring blood glucose 
techniques and were requested to perform seven fin- 
gerstick determinations daily. The reflectance meter 
contained an on-board ‘memory that permitted storage 
of 400 glucose readings with the corresponding times 
and dates. These data were off-loaded weekly to pro- 


617. 


618 Landon et al. 


Table I. Results of NSTs according to 
parameters of glycemic control 


(n = 85) (n = 29) 
Reactive ` | Nomnreactive* | p Value 


Glucose (mg/dl, 109.9 + 20.2 107.5 + 10.6 0.5 
mean + SD) 
Reversal magni- 
tude (varia- 
tion) (mg/dl, 
mean + SD) 
Excursions 3.1+ 14 3.4 + 1.6 0.3 
from median 

glucose 
(mg/dl, 
mean + SD) 


+ 


$4.44 15.7 35.2 + 14.3 0.8 


*Nonreactive test result recorded at >32 weeks’ gestation. 


duce an ambulatory glucose profile for each study pa- 
tient. An ambulatory glucose profile reflects glucose 
patterns by the representation of all self-monitored 
data as a series of curves representing a single typical 
day. For each ambulatory glucose profile the mean, 
median, interquartile range (distance between 25th and 
75th percentiles), reversals in the curve, and excursions 
from the median are determined.‘ 

Patients designated as having class F diabetes in- 
cluded women with a creatinine clearance of <100 
ml/min and/or protein excretion >400 mg/24 hours 
before 20 weeks’ gestation in the absence of a urinary 
tract infection. Chronic hypertension was defined as a 
persistent diastolic blood pressure >90 mm Hg before 
20 weeks’ gestation or conditions necessitating antihy- 
pertensive therapy. The criteria for the diagnosis of 
preeclampsia were elevation of blood pressure by 30 
mm Hg systolic and 15 mm Hg diastolic above baseline 
and proteinuria in excess of 400 mg/24 hours in in- 
dividuals without preexisting nephropathy. 

All patients performed a daily assessment of fetal 
activity during the third trimester.’ Nonstress tests 
(NSTs) were performed weekly at 28 to 30 weeks and 
biweekly at 32 weeks’ gestation and thereafter. A re- 
active NST included at least two accelerations of the 
fetal heart rate of 15 beats/min lasting 15 seconds 
within 20 minutes. The test was carried out for a max- 
imum of 45 minutes. Feeding or drinking was not re- 
quired in the presence of a nonreactive testing. Acoustic 
stimulation was performed occasionally. However, a 
nonreactive NST was followed by a biophysical profile 
in all cases. A biophysical score of 8 to 10 was consid- 
ered normal and a score of 6 equivocal. Patients with 
a score of 6 were delivered if pulmonary maturity was 
documented. If the fetal lung profile was immature, 
the biophysical profile was repeated in 24 hours. A 
score of =4 was considered abnormal and was followed 
by delivery. 

Our management protocol encouraged patients to 
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be monitored to term (>37 weeks), as long as results 
of fetal testing and maternal condition remained stable. 
Patients with vascular disease and normal test results 
of fetal condition were delivered before term only if 
hypertension worsened or if lack cf fetal growth was 
documented on serial ultrasonographic examinations. 
In uncomplicated cases labor was induced at term ‘>37 
weeks) if the cervix was favorable. Amniocentesis was 
performed only in cases delivered before 39 weeks’ 
gestation. Ripening of the cervix with prostaglandin gel 
was used in patients at 39 to 41 weeks’ gestation with 
an unfavorable cervix. 

Gestational age at delivery was determined from 
menstrual dates, provided these were in agreement 
with results first- or early second-trimester ultrasono- 
graphic examinations. Infants were characterized as 
having intrauterine growth retardation (IUGR) if birth 
weight was <10th percentile.’ End points of perinatal 
outcome included the presence of a low Apgar score 
(5-minute Apgar score <7), neonatal acidemia (cord 
arterial pH =7.20), or admission to the intensive care 
unit for a condition other than prematurity, hypogly- 
cemia, or congenital malformation. 

Standard x” contingency tests and Student ¢ test were 
used to assess statistical significance between compari- 
son groups. 


Results 


One hundred fourteen women with insulin-depen- 
dent diabetes mellitus were studied. Sixty-three women 
received care at The Ohio State University College of 
Medicine and 51 at Albert Einstein College of Medicine. 
According to the White classification, 44 were class B, 
32 class C, 24 class D, 12 class F, and 2 class R. Eight 
women also had chronic hypertension. A total of 1676 
NSTs were performed (14.7 + 3.2 tests per patient). 
One hundred thiry-four tests (8%) were nonreactive 
and necessitated a follow-up biophysical profile. ‘The 
frequency of nonreactive test resul:s was not signifi- 
cantly different among White classes. Sixty-eight of the 
nonreactive tests occurred before 32 weeks’ gestation. 
Twenty-nine patients had a total of 66 nonreactive 
NSTs after 32 weeks. Table I shows tne results of NSTs 
according to various ambulatory glucose profile param- 
eters cf glycemic control. Nonreact:ve tests are com- 
monly observed in premature fetuses; therefore the 
nonreactive group is defined as those patients with non- 
reactive testing at or bevond 32 weeks’ gestation.” No 
significant differences in glycemic indices were ob- 
served between reactive and nonreactive groups. 

In 104 of 114 patients (91.2%), the last NST before 
delivery was reactive. The average mterval from this 
test to delivery was 3.2 + 1.1 days. The mean gesta- 
tional age at delivery for these women was 38.4 + 0.9 
weeks, Sixty-one patients in this category underwent 
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Table II. Cases of abnormal results of fetal testing necessitating delivery 


Class Weeks’ gestation Test result 


F/R 28 
Preeclampsia 

D 38 
F/R 32 


B 33 
Chronic hypertension | 


30 
Chronic hypertension 
B. 32 
Preeclampsia 
F/R 33 
F/R 30 
Preeclampsia 

30 
F 34 
Preeclampsia 


LIS, Lecithin/sphingomyelin. 


elective induction of labor or repeat cesarean delivery 
whereas spontaneous labor began in 43. The overall 
cesarean section rate for the entire study population 
was 42%. 

Ten patients were delivered because of abnormal re- 
sults of fetal testing, including eight with nephropathy 
or hypertension (Table II). Intervention because of ab- 
normal testing was accomplished in 8 of 20 women 
(40%) with class F disease or chronic hypertension com- 
pared with 2 of 94 women (2.1%) without these risk 
factors (p < 0.001). The mean gestational age at deliv- 
ery in the intervention group was 32.0 + 2.8 weeks. 
Among these 10 patients, eight underwent cesarean 
section. A comparison of various parameters of gly- 
cemic control from the third trimester failed to show 
significant differences between the 10 patients with ab- 
normal results of testing leading to delivery and the 
104 patients with normal results of testing before de- 
livery (Table III). One fetal death occurred. A 28-year- 
old, gravida 2, para 1 woman with class C disease was 
delivered of a stillborn fetus at 36 weeks’ gestation. A 
NST had been reactive 7 days before this event, but 
the patient failed to keep an appointment for a sched- 
uled NST 3 days earher. Of significance, the mean 
third-trimester glucose level in this patient was elevated 
at 158 mg/dl. . 

Neonatal outcome is summarized in Table IV. There 
were no neonatal deaths. Overall, 5 of 10 neonates in 


Nonreactive NST 
Biophysical profile score 6 
Oligohydramnios 


Variable decelerations on NST 


Nonreactive NST 
Biophysical profile score 6 
Oligohydramnios 
Nonreactive NST 
Biophysical profile score 4 
Nonreactive NST 
Biophysical profile score 4 
Mature L/S ratio 
Nonreactive NST 
Biophysical profile score 6 
Mature L/S ratio 
Nonreactive NST 
Biophysical profile score 6 
Mature L/S ratio 
Nonreactive NST 
Biophysical profile score 4 
Nonreactive NST 
Biophysical profile score 4 
Vertebral anomaly 
Nonreactive NST 
Biophysical profile score 6 
Mature L/S ratio 
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Outcome 


820 gm 
Apgar scores 7 and 8 


2600 gm 
Apgar scores 5 and 6 
1608 gm 
Apgar scores 7 and 8 


1730 gm 
Apgar scores 3 and 6 
1050 gm 
Apgar scores 8 and 9 


960 gm 
Apgar scores 4 and 6 


1405 gm 
Apgar scores 9 and 9 


810 gm 
Apgar scores 3 and 6 
860 gm 
Apgar scores 4 and 4 


1990 gm 
Apgar scores 4 and 7 


the intervention group versus 4 of 104 in the nonin- 
tervention group had 5-minute Apgar scores <7 
(p < 0.001). The mean cord arterial pH of 7.21 + 0.7 
in the intervention group was also significantly lower 
than the mean pH of 7.29 + 0.8 in patients with normal 
test results before delivery (# < 0.003), 


Comment 


Significant improvement has been made in reducing 
the frequency of intrauterine fetal death in pregnancies 
complicated by insulin-dependent diabetes mellitus. In 
the past, sudden unexplained stillbirths occurred in 
10% to 30% cf gestations complicated by insulin-de- 
pendent diabetes mellitus.* Such losses are uncommon 
in patients with well-controlled disease, yet stillbirths 
may be observed in patients who do not receive optimal 
care. In a population-based study fetal death was nine 
times more common in diabetic pregnancies than in a 
nondiabetic control population.® Fetal deaths occur 
most often in late pregnancy in women with ketoaci- 
dosis or poor metabolic control or in women with vas- 
cular disease and preeclampsia. Chronic intrauterine 
hypoxia represents the likely cause in such cases.”° 

Over the past two decades techniques for antepartum 
fetal surveillance in pregnancies complicated by insulin- 
dependent diabetes mellitus have been developed to 
provide a rational basis for management during the 
third trimester, the period of greatest fetal risk. The 
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Table III. Comparison of 
glycemic characteristics 


Intervention Nonintervention 
(n = 10) (n = 104) 


Mean glucose (mg/dl, 105.9 + 8.8 109.9 +20.2 0.5 
mean + SD) 

Reversal magnitude 
(mg/dl, mean + SD) 
(variation) 

Excursions from me- 
dian glucose (mg/dl, 
mean + SD) 





$3.8 + 13.3 54.4 + 15.7 0.9 


94+09 31+ 1.4 0.1 


Table IV. Neonatal outcome’ 







Intervention Noniniervention 


group group 
in = 10) (n = 104) 


5 min Apgar 
score <7 

Cord artery 4 40 6 7.2* <0.01 
pH <7.20 

Admission to 8 80 8 7.7 <0.001 
NICU 


*pH obtained in 83 cases. 
NICU, Neonatal intensive care unit. 


primary clinical value of antepartum fetal monitoring 
tests is their ability to reassure the clinician that the 
fetus will not die in utero.” These tests have few false- 
negative results and therefore allow safe prolongation 
of pregnancy with further fetal maturation in a met- 
abolically stable patient. In our study the low incidence 
of neonatal acidemia and the requirement for neonatal 
intensive care in the offspring of patients with reas- 
suring results of fetal testing indicates that a normal 
testing sequence is highly predictive of a good outcome. 

Our data also support the work of Golde et al." that 
the use of the NST on a semiweekly basis provides an 
adequate level of fetal surveillance for the diabetic pop- 
ulation. The biophysical profile is ar. excellent backup 
test for the NST. In our experience the biophysical 
profile was reassuring in 90% of cases when the NST 
was found to be nonreactive. No depressed infants were 
delivered after this sequence of testing. Some institu- 
tions have used the biophysical profile as a primary 
method of testing, but no study of diabetic women has 
demonstrated tts superiority over the NST.” 

Our review of 879 diabetic pregnancies reported 
over the last. 15 years revealed that intervention for 
abnormal test results of fetal condition is undertaken 
in <5% of cases.? Our intervention rate of 8% is com- 
parable to this figure. It may be slightly increased be- 
cause of the greater proportion of women with vascular 
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disease included in this series. We observed only one 
case of a patient without nephropathy or hypertensive 
disease requiring delivery because of a suspicious NST. 
Previous studies have demonstrated that diabetes com- 
plicated by vascular disease is associated with a high 
rate of positive contraction stress tests leading to pre- 
term delivery. Recently, Mimouri et al.'* examined 
risk factors for perinatal asphyxia in 162 infants of 
women with insulin-dependent diabetes mellitus. Wors- 
ening nephropathy was identified as the most signifi- 
cant risk factor for fetal distress during labor or still- 
birth. We have previously reported that diabetic women 
with preexisting vascular disease or preeclampsia also 
commonly exhibit abnormal umbilical artery wave- 
forms in association with fetal growth retardation. Se- 
rial ultrasonography to assess fetal growth is thus an 
important adjunct in these high-risk women.” 

Few studies have attempted to correlate tests of fetal 
condition with maternal glycemic control. It has been 
suggested that excellent control may decrease the in- 
cidence of abnormal antepartum tests leading to un- 
scheduled delivery.’ In a study antedating the use of 
blood glucose self-monitoring, Gabke et al.’° intervened 
because of suspected fetal compromise in 21% of 260 
women with insulin-dependent diabetes mellitus and 
mean fasting glucose levels of 109 to 140 mg/dl ob- 
tained at clinic visits. Using home monitoring tech- 
niques Coustan et al.” observed a rate of 2.7% in 72 
patients with tightly controlled disease. In 52 women 
without vascular disease and with maintenance mean 
blood glucose levels ranging from 80 to 87 mg/dl, Jov- 
anovic et al.'* reported no interventions for abnormal 
fetal testing. 

In addition to our report, Teramo et al.'® have pro- 
vided the only other detailed description of glycemic 
parameters in patients with insulin-dependent diabetes 
mellitus undergoing fetal heart rate testing during the 
third trimester. In their study the mean hemoglobin 
A, level during the third trimester was higher in 18 
women with pathologic tracings compared with that of 
118 with normal patterns.’? However, mean glucose 
levels were similar between groups. In the current study 
parameters of glycemic control determined by verified 
blood glucose data were not different between the in- 
tervention and nonintervention groups. Overall, the 
mean blood glucose level in our study population was 
110 + 19 mg/dl, indicating that most patients under 
our care had well-controlled disease. Mimouni and et 
al.“ could not demonstrate an association between 
third-irimester glucose control and perinatal asphyxia. 
However, few glucose measurements were obtained for 
each patient and the overall mean fasting value was 
elevated at 127 to 131 mg/dl in their study population. 
Leveno et al. reported that pregnancies of diabetic 
women whose overall mean plasma glucose levels ex- 
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ceeded 172 mg/dl required earlier intervention for 
signs of fetal jeopardy, including decreased fetal move- 
ment. Whereas few patients in our study had poorly 
controlled disease, we recognize that we did undertake 
elective delivery in a small number of patients with 
suboptimal control. This action may have decreased the 
frequency of abnormal results of fetal testing observed 
in patients without vascular disease. 

Whether rigorous programs of fetal surveillance are 
necessary for all patients with insulin-dependent dia- 
betes mellitus remains controversial. It is unlikely that 
sufficiently large prospective studies to examine the 
efficacy of such testing will ever be undertaken. Our 
testing protocol, like others, does carry significant ben- 
efits. The majority of patients can safely undergo fol- 
low-up to term without unnecessary intervention. A 
subgroup of pregnancies with substantial fetal risk is 
identified. We have confirmed that those pregnancies 
complicated by vascular disease should be considered 
at greatest risk for abnormal results of fetal testing 
necessitating early delivery. In these patients testing 
should begin as early as 28 weeks’ gestation. Patients 
without vascular complications and those in whom good 
glycemic control is maintained rarely show fetal com- 
promise. In these women testing may be initiated at 32 
weeks or later. Some have recommended that such 
seemingly “low-risk” patients not be tested.?! We do not 
support this position. However, we certainly agree with 
the observation of Brudenell” and Doddridge that 
women with well-controlled disease remain at relatively 
low risk. Further studies may challenge the need for 
all diabetic women to be routinely subjected to fetal 
monitoring in late pregnancy. 
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Seroprevalence of human immunodeficiency virus in 
parturients at Boston City Hospital: Implications for public 


health and obstetric practice 


S. Patrick Donegan, MD, Kathleen A. Steger, RN, MPH,” Lakambini Recla, MD,” 
Rodney S. Hoff, DSc, Barbara G. Werner, PhD, Peter A. Rice, MD, and 


Donald E. Craven, MD> 


Boston and Jamaica Plain, Massachusetts 


OBJECTIVE: We measured the seroprevalence of human immunodeficiency virus in women seeking 


repracuctive services. 


STUDY DESIGN: Demographic and risk behavior data from women were linked anonymously to human 


immunodeficiency virus antibody results. 


RESULTS: The overall human immunodeficiency virus seropositivity rate of cord bldod was 22 per 1000. 
Crudé seroprevalence rates were higher for black women versus white women (25/1000 vs 22/1000) but 
lower for black Americans versus white Americans (21/1000 vs 29/1000). Human immunodeficiency virus 
infection was significantly higher for those women who acknow'‘edged intravenous drug use (odds ratio 
12.9, 95% confidence interval 7.3 to 22.7), were born in Haiti (ocds ratio 2.6, 95% confidence interval 1.6 
to 4.1), lacked prenatal care (odds ratio 2.2, 95% confidence interval 1.1 to 4.2), or received prenatal care 
at the hospital clinic versus a neighborhood health center (odds ratio 3.0, 95% confidence interval 1.7 to 
5.3). The seroprevalence rates were 18/1000 for women seeking abortion and 16/1000 for women 


seeking family-planning services. 


CONCLUSION: Intravenous drug use and country of origin are major risk factors for human 
immunodeficiency virus infection in women, which may explain differences in seroprevalence rates in 
various racial or ethnic groups. Hospital-specific data on human immunodeficiency virus infection may be 
useful for monitoring the epidemic and al'ocating resources for education, counseling, testing, and 


prevention. (Am J OssteT GYNECOL 1992;167:622-9.) 


Key words: Human immunodeficiency virus, AIDS, seroprevalence, intravenous drug user, 


cord blood, pregnancy 


Women accounted for 11% of the 171,876 cases of 
acquired immunodeficiency syndrome (AIDS) in the 
United States as of May 1991, and similar rates have 
. been reported for women in Massachusetts.’ Many of 
the women infected with human immunodeficiency vi- 
rus type 1 (HIV) are sexually active and in their re- 
productive years.''? The majority of women with AIDS 
live in large urban areas, have intravenous drug use as 
a risk factor, or have emigrated from countries with a 
high endemic rate of HIV.? The number of HIV-in- 
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fected black or Latino women is disproportionate to 
their representation in the United States. 


HIV may be transmitted vertically during gestation, 
at delivery, or in the postpartum period. Recent data 
suggest that vertical transmission cf HIV varies from 
15% to 50%.** Early diagnosis of HIV infection can 
identify adults and children who may benefit from an- 
tiviral therapy or prophylaxis against secondary op- 
portunistic infection." ê 

Estimating the actual number of women and children 
infected with HIV is difficult because of the long latency 
period of infection and specific problems of diagnosis 
in the newborn.’ National surveillance of HIV infection 
in childbearing women through testing of newborns 
has been a valuable tool for estimating overall maternal 
seroprevalence rates.* ° However, the national surveil- 
lance system lacks site-specific data and does not cap- 
ture all the necessary demographic and risk behavior 
data needed for targeted education, counseling, and 
prevention programs at a local level.'*” 

This report summarizes blinded HIV seroprevalence 
data obtained in pregnant women by testing 4345 cord 
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blood samples collected over a 42-month period at Bos- 
ton City Hospital. These data are correlated with risk 
groups, race or ethnicity, and country of origin and 
compared with blinded seroprevalence data from 2350 
parturient women seeking family planning and abor- 
tion services at the same hospital. 


Methods 


Study population. Boston City Hospital is a munic- 
ipal hospital with approximately 400 acute care beds, 
16,000 hospital admissions, and 1600 deliveries per 
year. The patient population is predominantly inner- 


city and indigent with a high proportion of people of 


color. 

Approximately 45% of parturient women receive 
prenatal care at neighborhood health centers, and the 
remainder are cared for in the Boston City Hospital 
Women’s Center Clinic. Before this study counseling 
and testing for HIV were not offered routinely to all 
women during prenatal care visits or at the time of 
delivery. On the basis of recent developments sup- 
porting early treatment of adults and children at var- 
ious stages of HIV infection,® ° HIV counseling and 
testing are now routinely offered to pregnant women. 

The blinded seroprevalence study was approved by 
the Institutional Review Board for Human Studies at 
Boston City Hospital. Because of the higher than ex- 
pected seroprevalence of HIV infection in the initial 
blinded pilot survey, the institutional review board sub- 
sequently permitted linkage of demographic and risk 
behavior information before coding and HIV antibody 
testing. Before testing for HIV antibody, the data were 
collapsed as necessary, to assure that no cell had fewer 
than five persons. 

Blinded, nonlinked survey. An initial blinded, non- 
linked survey of HIV antibody in 500 cord blood sam- 
ples was performed from January to July 1987. Spec- 
imens were recovered from 95% of the births that oc- 
curred during the study period. Demographic 
information on women delivered during the study pe- 
riod was collected from the birth log and reported in 
aggregate form. 

Anonymous survey with linked demographic and 
risk data. From December 1987 through June 1990, 
3845 consecutively collected cord blood samples were 
analyzed for antibody to HIV. Serologic results were 
linked by code number to maternal age, racial or ethnic 
group, state or country of origin, site of prenatal care, 
and risk behavior by information recorded in the birth 
log and on birth certificates. Risk factors for HIV in- 
cluded a history of or current use of intravenous drugs, 
being born or having previously resided in an endemic 
area with high rates of HIV infection, or having re- 
ceived a blood transfusion before screening blood for 
antibody to HIV was introduced. Patients with no doc- 
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umented risk factor for HIV infection were classified 
as “no identified risk.” A number of the women clas- - 
sified as having no identified risk may have acquired 
the infection through heterosexual contact, but this in- 
formation is impossible to collect in a blinded sero- 
survey and is often difficult to obtain by interview. Cord 
blood samples were retrieved from >95% of deliveries. 

In January 1989 the blinded study was expanded to 
include specimens obtained in patients who were reg- 
istering for prenatal care, pregnancy termination, or a 
family planning visit, as part of the Centers for Disease 
Controls “Family of Serosurveys.”” Blood specimens 
were salvaged and stored as outlined here and tested 
for antibody to HIV-1 as discussed in subsequent para- 
graphs. 

Serum collection and testing for HIV antibody. Se- 
rum from cord blood was aliquoted, coded, and stored 
at —20° C and batch tested for HIV antibody. HIV-1 
antibody was measured by Abbott HIV enzyme im- 
munoassay (Abbott Laboratories, North Chicago) in the 
Boston City Hospital Immunology Laboratory or the 
Genetic Systems enzyme immunoassay (Seattle) at the 
Massachusetts State Laboratory Institute. Repeatedly 
positive samples by enzyme immunoassay were tested 
by Western blot at the Massachusetts State Laboratory 
Institute. A positive Western blot was defined as the 
presence of antibody to any two of the following; p24, 
gp41, or gpl20/gp160. 

Statistical analysis. The Student ¢ test (two-tailed) 
was used to compare continuous variables, and the x? 
or Fisher's exact test (two-tailed) was used for categoric 
variables. Crude odds ratios with 95% confidence in- 
tervals were calculated as previously described.” 


Results 


Blinded nonlinked serosurvey. Antibody to HIV 
was present in 9 of 500 (18/1000) cord blood samples 
obtained in 1987. Because our rate was significantly 
higher than the 8 per 1000 crude state estimates for 
inner-city hospitals in Massachusetts,* demographic 
and risk behavior data were collected and linked in an 
anonymous manner to HIV antibody test results. 

Anonymous serosurvey with linked demographic 
and risk data. An HIV seroprevalence rate of 22 per 
1000 was observed for the 3845 linked samples ana- 
lyzed from December 1987 to June of 1990; rates by 
year are shown in Fig. 1. The average age of the 85 
seropositive women was 28 years; no cases were iden- 
tified in women <18 years old. However, 13 (15%) of 
the seropositive results were in women between the ages 
of 18 and 23 vears, suggesting the acquisition of HIV 
may have occurred during their teenage years. 

The crude HIV seroprevalence rate was higher in 
black women than in women of other racial and ethnic 
groups (25/1000 vs 16/1000). The seroprevalence of 
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Fig. 1. Rates of antibody to HIV in 4345 cord klaod samples collected at Boston City Hospital from 
December 1987 to June 1990. Number of sarmples in 1987 includes 500 samples from 6-month 
blinded pilot study and 87 samples from anonymous linked survey in December. Data from 1990 


represent samples from January to July. 


HIV was significantly higher for women born in Haiti 
(43/1900) than for those born in the United States 
(24/1900), Puerto Rico (13/1000), or other islands in 
the Caribbean (12/1000). Black women born in an en- 
demic area such as the Caribbean had significantly 
higher rates of HIV infection than did black women 
born in the United States (38/1000 vs 21/1000). Also 
of note in Table I is that black women born in the 
United States had lower rates of HIV infection than 
did American-born white women (22/1000 vs 
29/1000). 

The highest rate of HIV infection (169/1000) oc- 
curred in women with acknowledged intravenous drug 
use (Table IT) and was significantly higher than the rate 
in women not acknowledging intravenous drug use 
(odds ratio 12.9, 95% confidence interval 7.3 to 22.7). 
Overall, 21 (25%) of the 85 patients infected with HIV 
reported intravenous drug use as a risk behavior; 14 
(67%) were black Americans and 5 (24%) were white. 
Americans, one was from Cape Verde, and one was 
Hispanic but born in the United States. Intravenous 
drug use was common among American-born black 
and white women with HIV infection (Fig. 2). Five of 
the remaining 17 seropositive American-born black 
women and one white woman acknowledged frequent 
exclusive use of nonparenteral cocaine. Therefore 19 
(61%) of the 31 seropositive black women born in the 
United States had drug use as a risk behavior versus 8 
(57% of the 14 HIV-seropositive American-born white 
women. Twenty HIV-seropositive bersons (12/1000) 
were born in the United States with no identified risk 


for HIV infection; 12 (10/1000) were black and 8 
(18/1000) were white. This group may not have ac- 
knowledged an existing risk behavior or may have ac- 
quired HIV heterosexually. 

Women who received prenatal care at Boston City 
Hospital had a seroprevalence rate of HIV infection of 
30 per 1000 compared with a rate of 10 per 1000 for 
women who received prenatal care at affiliated neigh- 
borhood health centers (odds ratio 3.0, 95% confidence 
interval 1.7 to 5.3). Although the numbers of women 
were small, seroprevalence rates of HIV were higher 
for women who received no prenatal care, regardless 
of racial or ethnic group (Fig. 3). As shown in Table 
III this can be explained by the increased number of 
pregnant women with intravenous drug use who re- 
ceived prenatal care at Boston City Hospital versus 
neighborhood health centers (odds ratio 5.6, 95% con- 
fidence interval 3.1 to 10.1). Furthermore, rates of HIV 
infection were significantly higher (p < 0.05) for the 
254 women who did not receive prenatal care than for 
the 3391 women who received prenatal care (4.2% vs 
2.1%, odds ratio 2.2, 95% confidence interval 1.1 to 
4.2). However, of note is that 7 (64%) of the 11 sero- 
positive women who received no prenatal care had risk 
factors for HIV infection; three were born in endemic 
areas of HIV infection outside the United States, three 
had intravenous drug use as a risk behavior, and one 
had used cocaine regularly. 

Seroprevalence of women electing abortion or fam- 
ily planning. The overall seroprevalence of HIV of 
18/1000 for the 1023 samples collected from women 
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undergoing pregnancy termination from 1989 through 
June 1990 was similar to the seroprevalence in cord 
blood samples over the same period (Fig. 4). HIV ser- 
Opositivity was evenly distributed for women between 
the ages of 20 and 39 years. Of the 18 seropositive 
women, 13 (72%) were black, 3 (17%) were white, and 
2 (11%) were Hispanic. Rates of HIV infection by racial 
or ethnic group were 19 per 1000 for black women, 27 
per 1000 for white women, and 14 per 1000 for His- 
panic women. 

The overall seroprevalence of HIV was 16 per 1000 
for the 1327 women using family planning services and 
rates did not vary significantly by race; 15 of the 21 
seropositive women were black (16/1000), 3 (16/1000) 
were Hispanic, 2 (22/1000) were “other,” and 1 
(10/1000) was white. l 


Comment 


The overall seroprevalence rate of HIV in pregnant 
women delivered at Boston City Hospital was 22 per 
1000, which is severalfold higher than the 8 per 1000 
rate reported in 1987 for inner city hospitals and the 
2 per 1000 rate overall for Massachusetts.® These data 
underscore the value of site-specific seroprevalence 
studies and indicate that the prevalence of HIV remains 
high in women at risk in spite of local education and 
prevention efforts. In spite of these advantages, 
blinded serologic surveys fail to identify HIV-infected 
persons who may benefit from early intervention. For 
this reason it is important to provide HIV counseling 
and testing services concurrently, which can be tailored 
to the needs of the high-risk groups identified in the 
blinded survey. Although rates of HIV infection in 
childbearing women at Boston City Hospital are similar 
to those previously reported from other inner-city hos- 
pitals,’°'? they are considerably lower than the more 
recent national, population-based surveys of newborns 
in New York City (5.8/1000), the District of Columbia 
(5.5/1000), and New Jersey (4.9/1000).° 

In contrast to most other studies, we were able to 
correlate HIV test results and demographic data with 
risk behavior data. Although the majority of women 


with HIV-seropositive results were >24 years old, 13 — 


(15%) of the seropositive results were in women be- 
tween the ages of 18 and 23, indicating that some may 
have become infected as adolescents. The higher over- 
all seroprevalence rate of HIV infection in black women 
compared with women of other racial or ethnic groups 
is consistent with previous reports.’ Of note is that the 
rate of HIV infection of 43 per 1000 for women born 
in Haiti was approximately twofold higher than the rate 
of 21 per 1000 in American-born black women. The 
rate for American-born black women is similar to the 
22 per 1000 overall rate for white women and less than 
the 29 per 1000 rate for American-born white women. 


HIV antibody in cord blood 625 


Table I. Cord blood antibody to HIV 
correlated with age, racial or ethnic group, 
and country or state of origin of 3845 
parturient mothers at Boston City Hospital 
from December 1987 to June 1990 






Antibody to HIV 


Characteristic 


Age (yr) 
<18 230 0 0 
18-23 1236 13 10 
24-29 1335 36 27 
30-35 774 32 4] 
>36 270 4 15 
Race or ethnic group 
Black 2630 66 25 
American 1445 31 21 
Caribbean 866 33 38 
African 79 0 0 
Other 240 2 8 
White 690 15 22 
American 489 l4 , 29 
Other 201 } 5 
Hispanic 416 4 10 
Asian, Indian 109 0 0 
Country or state of origin 
United States 2001 46 23 
Massachusetts 1465 35 24 
Other 536 1l 21 
Haiti 713 3] 43 
Puerto Rico 230 3 13 
Other Caribbean island 162 2 12 
Cape Verde 210 I 5 
Other* 529 2 4 


*For Other, Central or South America, n = 222; Africa, 
n = 88; Asia,n = 102; Dominican Republic, n = 80; Europe, 
n = 30; Canada, n = 7. 


Virtually all women born in Haiti reported no risk be- 
havior for HIV other than heterosexual exposure, 
whereas the majority of black women born in the 
United States probably acquired HIV infection by illicit 
drug use. 

The seroprevalence of HIV was 169 per 1000 for 
women who acknowledged use of intravenous drugs. 
These data correlate with previously reported high 
HIV seroprevalence rates of 17% to 39% among in- 
travenous drug users in Boston.” Accurate rates of co- 
caine use could not be determined for this study, but 
a study from this institution suggested that the use of 
cocaine is common in our population”® and recent data 
suggest that intravenous cocaine and “crack” use in- 
creases the risk of acquiring HIV infection.” 

Drug use is a frequent risk factor for HIV infection 
in American-born women. Eighty-four percent of the 
31 seropositive American-born black women and 40% 
of the 15 seropositive white women acknowledged prior 
illicit drug use. These data reinforce the need for tar- 
geted, culturally sensitive, gender-specific health edu- 
cation and prevention programs for inner-city women 
with known or occult risk of HIV infection. 
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Fig. 2. Seroprevalence rates of HIV by race for American-born women. Of note is that overall! rate 
(ALL) of HIV infection is remarkably similar for black and white American women. Seroprevalence 
of HIV was higher for black versus white American-born intravenous drug users (IVDU) and similar 
for American-born white and black women with no identified risk (NIR). 


Table II. Correlation of cord blood antibody to HIV and acknowledged risks of 2845 women delivered of 
infants at Boston City Hospital from Dec. 1, 1987, to June 30, 1990 


Characteristic 


Acknowledged drug use 

Intravenous 

Cocaine (nonintravenous) 
Endemic area of HIV 

United States 

Haiti 

Puerto Rico 

Other Caribbean islands 
Born in United States and no identified risk 

Black 

White 

Hispanic 

Asian, other 


Approximately 7% of our pregnant women were un- 
registered for prenatal care. The rate of HIV infection 
of 43 per 1000 in this group was more than twofold 
higher than the rate of 21 per 1000 in the registered 
group. These data and those of others"? suggest that a 
lack of prenatal care may be a marker for increased 
risk of HIV infection. Of note is that 64% of our un- 
registered women had other identifiable risk behaviors 
for HIV. In the study by Lindsay et al.,’* rates of HIV 
seropositivity were fourfold higher in unregisterec 
women, and these women had a threefold increase in 
the use of intravenous drugs or “crack.” 

Twenty of the 46 seropositive women (43%) born in 
the United States had no identified risk behavior for 


Antibody to HIV 


No. 
me Raie/1000 
326 27 83 
12 21 169 
202 6 30 
3106 82 26 
2001 46 23 
713 3l 43 
230 3 13 
162 2 12 
1694 20 12 
1197 12 10 
435 8 18 
53 0 0 
9 0 0 


HIV infection. This rate of infection may reflect in- 
complete risk factor information from the birth log and 
birth certificates. Landesman et al.” reported that 45% 
of the 12 subjects with seropositive results in their study 
did not report any risk behavior for HIV. Similar rates 
were obtained from self-administered questionnaires in 
women attending a sexually transmitted disease clinic." 
Of greater concern is that Krasinski et al.” found that 
a voluntary testing program based on self-reporting of 
risk behavior failed to identify 24 of 28 HIV-infected 
prenatal patients at Bellevue Hospital Center in New 
York. This may have been due to denial of an existing 
specific risk behavior or to a lack of awareness that their 
past or current sexual partner was infected with HIV. 
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Fig. 3. Seroprevalence rates of HIV by racial or ethnic group in women with no prenatal care (NO 
PNC) versus prenatal care provided at Boston City Hospital (PNC-BCH) or at a Neighborhood 
Health Center (PNC-NHC). Although the number in each group is small, women who received no 
prenatal care had higher rates of infection regardless of racial or ethnic group. Differences in 
seroprevalence rates among racial or ethnic groups reflect in part the risk behavior and country of 


origin. 


In any case, if only pregnant women who acknowledge 
a risk behavior for HIV infection are offered HIV test- 
ing, nearly half may go undiagnosed.” These data em- 
phasize the need for comprehensive services and risk 
reduction programs for women. Gender-specific clin- 
ical services should be readily available and accessible 
with support services such as transportation and child 
care. Routine gynecologic and obstetric services for 
HIV-infected women should be integrated or coordi- 
nated with primary medical care services. A better un- 
derstanding of the impediments to care of women and 
our inability to enroll women in clinical trials for the 
treatment of HIV infection is needed. 

More recently, there has been concern over the prud- 
ence of continued HIV exceptionalism. Furthermore, 
the availability of HIV testing and early intervention 
has raised issues regarding mandatory reporting of 
HIV infection and notification of sex and needle-shar- 
ing partners as practiced for other communicable dis- 
eases. Proposals have been made to identify HI V-pos- 
itive pregnant women because the signs and symptoms 
of HIV disease may mimic those normally occurring in 
pregnancy, leading to late diagnoses and increased 
morbidity and mortality.” Of note is that levels of CD4 
helper lymphocytes decrease during pregnancy, which 
is of greater concern for the HIV-infected pregnant 
women who may be at risk for Pneumocystis carinu 
pneumonia. 

The movement to perform routine screening for 
HIV infection in pregnant women has resulted largely 


Table ITI. Rates of cord blood antibody to 
HIV by state of prenatal care versus no 
prenatal care in women delivered of infants at 
Boston City Hospital 







Antibody to HIV 





No. 
tested 





Site of prenatal care Ratel 1000 





No prenatal care 254 1] 43 
Intravenous drug 16 3 188 
use 
Cocaine 42 I 24 
Boston City Hospital 1924 57 30 
Intravenous drug 93 16 172 
use 
Cocaine 94 5 53 
Neighberhood 1667 17 10 
health center 
Intravenous drug 15 2 133 
use 
Cocaine 66 0 0 


Risk for those with intravenous drug use or use of nonin- 
travenous cocaine is shown for each site. 


from concerns over the early diagnosis, treatment, and 
rights of the newborn. This ts based on the availability 
of treatment for HIV infection, as well as the preven- 
tion of associated bacterial and opportunistic infec- 
tions. This should not preclude, however, an em- 
phasis on the care and prevention of disease in preg- 
nant and nonpregnant women. For example, recent 
data suggest an increased frequency of cervical dyspla- 
sia in HIV-infected women, which may be more likely 
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Fig. 4. Similarity in rates of seroprevalence to HIV in women at delivery (Cora Blood), after abortion, 
and at family-planning clinics at Boston City Hospital from January 1989 through June 1990. 


to progress to cervical carcinoma.” For this reason, 
HIV-infected women should have regular cervical cy- 
tologic evaluation and baseline colposcopy as part cf 
their routine gynecologic care. 

The movement in support o7 routine testing of 
women and newborns is based in part on existing public 
health programs designed to reduce congenital syphilis, 
hepatitis B, rubella, and congenital metabolic diseases.” 
On the basis of data suggesting 2 25% to 40% rate of 
HIV transmission from mother to infant, our 22 per 
1000 rate of HIV antibody—positive cord blood samples 
translates to an infection rate of 4 to 9 per 1000 live 
births. This rate is considerably higher than the na- 
tional rates of congenital rubella (1/100,000), syphilis 
(1; 10,000), and a hepatitis B (1/2000) infection,” for 
which there are cost-effective screening programs. The 
higher rate of HIV infection in our population, coupled 
with recent advances in the therapy of HIV and its 
associated infections, results in a more favorable risk- 
benefit ratio for “routine” screening of newborns.’ ©“ 
However, these benefits must be tempered by the psy- 
ckosocial, legal, and economic ramifications of routine 
screening for HIV. 

- The Centers for Disease Control has recommended 
education and prevention programs in areas or hos- 
pitals where there is a high prevalence of HIV infection 
and other sexually transmitted diseases.” Routine con- 
fidential testing with appropriate education and risk 
reduction information is critical for such areas. Unfor- 
tunately, municipal hospitals carry a heavy burden for 
the care of HIV-infected women in the United States 
and often lack financial support for the treatment and 
prevention of HIV disease. Restoration of federal, 


state, and city funds is critically needed to combat the 
present epidemic of HIV and other sexually transmit- 
ted diseases that plague inner-city men and women. 


We thank Ms. Jessie Wong and Jean Saint Elme, MD, 
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for assistance in analyzing the data, Drs. George Seage 
and George Grady for reviewing the manuscript, and 
Maria Tetzaguic for assistance in the preparation of the 
manuscript. 
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Psychosexual aspects of the evaluation and management of 


vulvar vestibulitis 


Leslie R. Schover, PhD, David D. Youngs, MD, and Ruth Cannata, RN 


Cleveland, Ohio 


OBJECTIVE: This article describes the structure and outcome of a collaboration between a gynecologist 
anc a psychologist in evaluating and treating 45 consecutive women with vulvar vestibulitis. 

STUDY DESIGN: Women were interviewed by the psychologist in a structured format and also filled out 
questionnaires. Vulvar lesions were defined by clinical examination and colposcopy, and a conservative 
local excision was performed, without mobilization of the vagina. Postoperatively, women were offered 
sextal counseling including Kegel exercises, vaginal dilation, and couple therapy. Follow-up data were 


gathered a mean of 8 months after treatment. 


RESULTS: Of the 32 women who had both surgical excision of vulvar lesions and contact with the 
psychologist, 50% were much improved in perceived pain, 47% were somewhat improved, and 9% were 
unimproved. Factors predictive of an improved outcome included wilingness to have psycholagic 
treaiment, higher socioeconomic status, and self-report of specific, localized areas of vulvar pain rather 
than vague, diffuse pain. Parous women were more likely to improve. Those who reported increased pain 


intensity premenstrually had poorer outcomes. 


CONCLUSIONS: Vulvar vestibulitis may be a syndrome that results from interacting pathophysiologic and 
psychologic factors, so that a comprehensive treatment approach is beneficial. Women who have diffuse 
genital pain or who refuse psychologic intervention may be poor candidates for surgery. (AM J OBSTET 


GYNECOL 1992;167:630-6.) 


Key words: Vulvar vestibulitis, psychologic sexual treatment 


The syndrome of vulvar vestibulitis has only been 
recently recognized as a cause of chronic vulvar patn 
and dyspareunia.’® Characteristically, women report 
severe pain at the vaginal introitus during intercourse. 
Irritation and burning often persist for hours or 
days after sexual activity. Many women also report lo- 
calized pain from tampon use, after prolonged sitting, 
or if they wear pantyhose or tight slacks. Some de- 
scribe vulvar swelling accompanying this pain.? Most 
patients are between the ages of 20 and 40 and are 
white.’ ® 

On examination, women can identify discrete areas 
of exquisite tenderness when a cotton swab is pressed 
gently in a circle around the base of the hymenal ring 
or at the posterior fourchette of the vagina. With col- 
pescopy, areas of erythema, thickened tissue, or ulcer- 
ation can be seen, corresponding to the zones that trig- 
ger pain. Pathology reports on tissue excised from these 
areas generally reveal chronic, nonspecific inflamma- 
tory changes. Attempts to find an infectious agent hzve 
been disappointing.’ * * Recently, some researchers 
have found human papillomavirus in a subset of 
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women with vulvar pain.”® However, the evidence for 
a viral cause is far from conclusive thus far. 

Some case series have suggested that extended sur- 
gical excision of the hymenal ring and adjacent vulvar 
tissues, along with vaginal advancement to ccver the 
defect, was successful in treating pain in approximately 
85% of patients.” > However, a larger case series with 
longer follow-up found only a 60% rate of very good 
outcome.” 

Since surgical treatment alone is not optimal for 
many women, we were interested in the possible con- 
tribution of psychosocial factors in vulvar pain. Re- 
search on chronic pelvic pain has identified depression, 
sexual trauma, and chemical dependency as correlated 
and perhaps contributing factors.'°"* In our clinical set- 
ting a gynecologist (D.D.Y.) experienced in evaluating 
sexual dysfunction collaborates with a clinical psychol- 
ogist who specializes in sex therapy (L.R.S.). Women 
with persistent superficial dyspareunia are offered a 
joint evaluation with both clinicians. 

This article describes the evaluation, treatment, and 
outcome for the first 45 consecutive women diagnosed 
with vulvar vestibulitis in our  interdisciplinary 
program. 


Material and methods 


Each woman was examined by the gynecologist; the 
examination included a careful pelvic examination with 


me 


Volume 167 
Number 3 


mapping of tender vulvar sites with cotton swabs. Col- 
poscopy was performed with application of dilute acetic 
acid. Colposcopy was helpful in identifying discrete le- 
sions, which were often difficult to see without aceto- 
white staining and magnification. ‘The woman was then 
referred for psychologic evaluation. Questionnaires in- 
cluded the Sex History Form, a measure of sexual func- 
tion and frequency”; the Dyadic Adjustment Inven- 
tory, to assess marital satisfaction”®; and the Brief Symp- 
tom Inventory, a measure of psychologic distress.” A 
60- to 90-minute interview was conducted by the psy- 
chologist. Areas assessed included current depression, 
anxiety, or somatization with the diagnostic criteria of 
the Diagnostic and Statistical Manual (DSM-IIIR); a his- 
tory of physical abuse or sexual trauma; life stresses at 
the onset of the pain; past and current sexual function; 
and the quality of current social and sexual relation- 
ships. A standardized interview form (available from 
authors on request) was used to code each of the factors 
in a uniform manner. When the patient was in a com- 
mitted relationship, the partner was invited to partic- 
ipate in the evaluation interview. 

When definitive painful vestibular lesions were 
found, women were offered localized excision, per- 
formed while the women were under general anesthe- 
sia on an outpatient basis. Colposcopy with acetic acid 
staining was repeated in the operative suite, so that only 
clearly involved areas of the vestibule and a small 
amount of adjacent tissue could be excised. Excision 
was performed to a depth of approximately 1 to 1% 
cm. The hymenal ring was left intact so that vaginal 
mobilization was not required. In most cases diagnostic 
laparoscopy was also performed to rule out contribu- 
tory pelvic pathologic conditions, such as endome- 
triosis. 

Postoperatively, all women were asked to return to 
the psychologist for counseling on Kegel exercises and 
on the use of graduated vaginal dilators (Milex, Inc.). 
Other elements of counseling included advice on using 
water-based vaginal lubricants and nondemanding po- 
sitions for lovemaking, instructions on sensate focus 
exercises, and other techniques of sex or marital ther- 
apy.” Women with persistent or diffuse pain were of- 
fered a referral to a psychiatrist for management. 

Follow-up was carried out in a detailed telephone 
interview about pain and sexual function at least 3 
months after surgery. If the woman was not reached 
by phone, information from her last office visit was 
used. Outcome was rated on a five-point scale: very 
much improved, somewhat improved, no change, 
somewhat worse, and very much worse. 

All statistical calculations were performed with 
STATS +. Analyses included the x? test, analysis of 
variance, ¢ test, Fisher’s exact test, and Spearman’s cor- 
relations, as appropriate. 
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Table I. Women’s participation in a treatment 
program for vulvar vestibulitis 


No. % 

Completed gynecology examination 45 100 
Had psychologic interview 31 69 

Partner present 7 16 
Filled out questionnaires 27 60 
Had vestibular surgery 38 84 
Had postoperative sexual 

counseling 

1 Session 8 18 

1-5 Sessions 8 18 

>5 Sessions 2 4 
Had postoperative psychiatry 10 22 

consult 
Obtained follow-up 43 96 
Results 


Table I describes the women’s participation in the 
components of the gynecologic and psychologic eval- 
uation and treatment process. 

Demographic variables. The mean + SD age of the 
women was 30.2 + 6.2 years (range 19 to 45 years). 
Forty-three (96%) were white and 2 black. Family so- 
cioeconomic status was professional for 14%, white col- 
lar for 59%, and blue collar for 27%. Educational level 
was postgraduate degree for 4%, 4-year college degree 
for 32%, some college for 32%, and high schoo] degree 
for 32%. Twenty-three women (51%) were childless, 
11 (24%) had one child, 9 (20%) had two, and 21 (4%) 
had three children. For religious practice information 
was available in 36 cases. Six women (17%) were devout, 
11 (81%) practiced occasionally, and 19 (52%) were 
inactive. 

Medical variables. The mean + SD duration of vul- 
var pain was 41.3 + 43.6 months (range 4 to 180 
months). Pain was localized to specific areas of the vulva 
in 21 women (47%). Twenty-three (51%) also com- 
plained of deep dyspareunia, in addition to vulvar pain. 
Twenty-three women (51%) had histories of chronic 
pain that was not genital (1.e., headaches, back pain, 
fibrositis, temporomandibular joint, etc.). Definite vul- 
var lesions were found on colposcopy in 40 women 
(89%). 

Table II lists medical factors that may have a bearing 
on the condition of vulvar vestibulitis. The category of 
gynecologic surgery included laser treatment, repair of 
lacerations at childbirth, laparoscopy, etc. The high in- 
cidence of presumed vaginitis and repeated urinary 
tract infections represents information from patients’ 
self-reports. In many cases infection was not adequately 
documented by outside physicians. Empiric treatment 
was unsuccessful. A number of women spontaneously 
reported exacerbation of vulvar pain at certain points 
in the menstrual cycle, typically in the week before men- 
ses and during menses (in 6 of 7 women). These re- 
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Table II. Medical factors in women with 


vulvar vestibulitis 
7 


History of chronic vaginitis 20 44 

History of repeated urinary 14 31 
tract infections 

Onset. with gynecologic 13 29 

: surgery 

Onset with pregnancy or 8 18 
childbirth 

History of elective abortion* 8 18 

Pain worsens at one point 7 16 
in menstrual cycle 

History of irritable bowel 4 9 


*Six had pain onset just after the abortion. 


ports were not investigated with prospective record- 
keeping. 

Two women also had a history by self-report of gen- 
ital herpes infection with infrequent recurrences. Eight 
women had been told by prior gynecologists that they 
had human papillomavirus infection. However, adz- 
quate confirmation was available in only one case. In 
at least four cases the women’s reports indicated that 
adequate diagnostic procedures, such as in situ hybrid- 
ization or viral typing, were not used. Five other women. 
had a history of abnormal Papanicolaou smears. We are 
currently conducting a review of all pathologic reports 
obtained at surgery for histologic evidence of human 
papillomavirus. 

Psychologic testing. ‘Twenty-seven of the 45 women 
completed the questionnaires. On the Dyadic Adjust- 
ment Inventory, unselected married couples in tne 
community have a mean + SD score of 115 (+18). The 
mean + SD for our sample was 106 + 15. Only two 
women (7%) scored in the maritally distressed range. 
For the Brief Symptom Inventory patients’ scores were 
compared with norms for women in the community. 
The normative sample was appropriate in age and so- 
cloeconomic status. On the three summary measures 
the great majority of patients scored within the normal 
range. On the summary measure of psychologic dis- 
tress, the Global Severity Index, only one woman (4%) 
scored within the distressed range. Mean patient scores 
on individual subscales such as Depression, Somatiza- 
tion, or Anxiety were also well within the normal range. 
Neither the Dyadic Adjustment Inventory nor the Brief 
Symptom Inventory contains a measure of response 
bias, however, so that both questionnaires may refiect 
a denial of conflict to appear “normal.” 

Psychosexual factors. Table LII lists psychologic fac- 
tors assessed in the standardized interview that are as- 
sociated with vulvar pain. Marital conflict, onset of pain 
in a new relationship, somatization disorder, and de- 
pressive symptoms (including both major depression 
and adjustment disorder with depressed mood) were 
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Table III. Psychologic factors in women with 


vulvar vestibulitis 


Sexual trauma 


Incest 3 8 
Molested as child 3 8 
Raped I 3 
Spouse abuse 5 15 
Severe marital conflict 20 54 
Pain onset at relationship 10 29 
breakup 
Pain onset in new relationship 14 38 
Chemical dependency 4 11 
Partner’s chemical dependency 3 9 
Pain onset during affair 7 19 
Pain onset at discovery of part- 6 17 
ner’s affair 
Depressive symptoms 14 36 
Somatization disorder 15 42 
Job stress at pain onset 10 29 
Financial stress at pain onset 7 20 
Fear of pregnancy at pain onset 8 22 
Fear of sexually transmitted 9 26 


disease at pain onset 


*Percentages are based on number with information 
available. 


particularly common in the sample. The discrepancy 
between psychologic testing scores and the results of 
interviewer observations is striking. ‘This. grou» of pa- 
tients is very reluctant to label vulvar pain as related to 
psvchologic stress. These women minimize conflict on 
questionnaires but cannot conceal problems as easily 
when interviewed in person by an experienced clini- 
cian. A few women were interviewed only in the pres- 
ence of the partner, a potential barrier to revealing 
sensitive information. Therefore the prevalence of fac- 
tors such as spouse abuse, sexual trauma, marital con- 
flict, chemical dependency, affairs, and depressive 
symptoms were compared in women interviewed alone 
versus those seen with the partner. No significant dif- 
ferences were found. 

As Table IV illustrates, sexual dysfuncticns were 
prevalent in our sample. Dysfunctions were diagnosed 
from a combination of interview data and the responses 
on the Sex History Form. Items on the Sex History 
Form were analyzed individuelly rather than being 
grouped to provide a summary score. The average fre- 
quency of intercourse was once a month at the time of 
initial evaluation. By follow-up the mean frequency had 
increased significantly to once a week for the 29 women 
who had data available at both points (Table V). Fre- 
quencies of intercourse and of noncoital sexual activity 
at follow-up were highly correlated (r = 0.82, 
p < 0.0001). Two women were engaging regularly in 
manual or oral genital caressing but not having inter- 
course. 

Measures of outcome at follow-up. Outcome ratings 
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Table IV. Sexual problems in women with 
vulvar vestibulitis 


Pain onset with Arst coitus 4 1l 
Poor sexual communication 17 49 
Low sexual desire 18 51 
Aversion to sex 2 6 
Poor lubrication or expansion 20 57 
Inorgasmic 

Global 2 6 

Situational 20 57 
Vaginismus 21 60 


*Percentages are based on number who provided relevant 
information. 


based on self-report were available for 43 women 
(96%). Time since treatment ranged from l to 24 
months (mean + SD 8.3 + 6.0 months). Overall 20 
women (46%) rated their pain as much improved or 
resolved. Pain was somewhat improved in 15 women 
(35%) and the same as before treatment in 8 (19%). No 
woman felt her pain was worsened by treatment. If we 
focus on the group of women who had surgery, there 
was a trend [F(2,35) = 2.74; p < 0.08] for women to 
have a more positive outcome at a longer follow-up. 
Women who were much better had a mean follow-up 
of 11.1 months versus 7.1 months for those somewhat 
improved and 5.5 months for those unimproved. 

Ratings of global pain were highly correlated with 
more specific pain ratings elicited during follow-up in- 
terviews (n = 35). Table VI presents these data. At fol- 
low-up evaluation, seven women (20%) had consulted 
another gynecologist. Two (6%) had psychotherapy 
outside our institution. 

Predictors of outcome. x° Tests indicate that several 
demographic variables were predictive of overall rat- 
ings of improvement. Women of higher socioeconomic 
status had better outcomes [x? (4) = 11.57, p < 0.02]. 
Women who were childless were less likely to improve 
than those with children [x° (2) = 6.27, p< 0.05]. A 
one-way analysis of variance revealed a trend (p < 0.08) 
for women with better outcomes to be older. 

Psychologic factors present at pain onset and psy- 
chologic test scores were not significantly associated 
with outcome ratings. Frequency of sexual activity at 
initial evaluation was also not related to outcome. The 
partner’s participation in evaluation or counseling was 
not predictive of success. 

However, the patients willingness to participate in 
the initial psychologic evaluation and postoperative 
counseling was highly predictive of outcome. Women 
who were evaluated by the psychologist preoperatively 
had significantly better outcomes than those who re- 
fused the consultation [x° (2) = 12.57, p< 0.002]. 
Women who had at least one session of postoperative 
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Table V. Frequency of sexual activity 
across time 





Once a day I 3 0 GQ 
3-4 Times per week l 3 ll 30 
2 Times per week 7 19 6 17 
Once a week 3 8 6 17 
Once per 2 weeks 4 1] 3 & 
Once a month 5 13 l 3 
Less than once a month 7 19 2 6 
None 9 24 7 19 


Mean: once a month at diagnosis versus once a week at 
follow-up, t (27) = 2.53, p < 0.02. 


Table VL. Correlation of global pain ratings 
with other follow-up ratings 


Measure |r | p Value 


Pain intensity during sex 0.86 0.0001 

Pain intensity in nonsexual 0.60 0.0001 
situations 

Days per week with pain 0.69 0.0001 

Frequency of pain inter- 0.70 0.0001 
ference with sexual 
pleasure 

Frequency of vaginismus 0.44 0.01 
symptoms 


sex therapy also had significantly better outcome [x? 
(2) = 16.44, p < 0.001]. All eight women without pain 
improvement had refused postoperative counseling. 
For those who did have sex therapy, the number of 
sessions was not related to outcome. Table VII illus- 
trates the impact of treatment components on outcome. 

The specificity of pain location was also related to 
outcome of treatment. Women who reported deep dys- 
pareunia in addition to vulvar pain at initial evaluaticn 
had less positive outcomes [x? (2) = 6.35, p < 0.04]. 
The women with more diffuse genital pain tended to 
do less well than those with more localized introital pain 
[x° (2) = 5.28, p < 0.07]. However, a history of soma- 
tization disorder or nongenital pain syndromes was not 
a predictor of outcome. The somatization subscale of 
the Brief Symptom Inventory did show a trend 
(p < 0.09) to be more abnormal in women with un- 
improved pain. Women.who noted changes in pain in- 
tensity during the menstrual cycle were less likely to 
recover completely than women whose pain was more 
consistent [x* (2) = 7.32, p < 0.025]. 

There were correlations such that women who 
agreed to be evaluated by the psychologist were af 
higher socioeconomic status (p < 0.07), more likely to 
have localized vulvar pain (p < 0.02), and less likely to 
have deep dyspareunia (p < 0.02). A stepwise multiple 


i 
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Table VII. Impact of program components on outcome 


Surgical excision 

Surgery and psychologic evaluation 

Surgery, psychologic evaluation, and postoperative 
sex therapy 


regression analysis was performed on the variance in 
outcome accounted for by variables of interview com- 
pliance, number of postoperative sex therapy sessions, 
socioeconomic status, number of children, local versus 
diffuse pain, and presence of deed dyspareunia. Only 
three factors exceeded tolerance levels and were in- 
cluded in the regression equation: compliance with psy- 
chologic evaluation, number of children, and socioecc- 
nomic status. Together these three factors accounted 
for 24% of the variance in outcome and thus may be 
helpful clinically in predicting prognosis with our treaz- 
ment program. 


Comment 


Vulvar vestibulitis may have botn pathologic and psy- 
chologic antecedents, so that the documented tissue 
alterations begin during a time of psychologic stress. A 
pathophysiologic link between emotion and diseases of 
the skin is provided by a recent finding that mast cells 
involved in local cutaneous inflammatory changes in- 
teract with neurotransmitters that increase with stress.'® 
In our experience vulvar vestibulitis lesions of estab- 
lished duration (3 to 4 months! rarely heal without 
surgical intervention. In contrast to the report of Peck- 
ham et al.> but congruent with Friedrich’s observations,’ 
our series included only two women who became 
asymptomatic without surgery. One had steroid injec- 
tions into the affected area. The cther had marital ther- 
apy and also ceased prolonged nursing of her infant. 
Goetsch® also reported few spontaneous remissions of 
vulvar lesions. Her exceptions, as in our patient, had 
the onset of pain during the postpartum period. 

Our treatment outcomes were very similar to Fried- 
rich’s, in spite of a more conservative surgical proce- 
dure. He reported that 56% were completely improved 
and 43% somewhat better, compared with our respec- 
tive rates of 47% and 37%. These results raise the ques- 
tion of whether surgery alone is a sufficient treatment 
for many cases of vulvar vestibulitis. Although our data 
are preliminary, Table VII suggests a useful role for 
psychologic evaluation preoperatively and brief sexual 
counseling and therapy after surgery. On the basis of 
this experience we are reluctant to operate on women 
who refuse psychologic evaluation. Reports of vague, 
diffuse genital pain or deep dyspareunia should also 
signal caution to the surgeon. 
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Total Much better Some better Unimproved 
No.  (%) (%) (%) 

38 47 37 16 

31 50 4] 9 

16 56 44 0 


Women who participated in the psychologic com- 
ponent were typically of higher socioeconomic status 
and had more localized vulvar pain. However, statistical 
analysis suggests that these characteristics do not ac- 
count for the positive impact of participation on out- 
come of treatment. The evaluation itself contributes to 
treatment success. Why should this be so? 

We believe that an important function of the psy- 
chologic interview is to help women accept that stress 
plays some role in dyspareunia and vulvar pain. When 
they appreciate that the cause of pain is multifactorial, 
women are more willing to take an active role in re- 
habilitative efforts after surgery. The use of vaginal 
dilators and Kegel exercises is not designed to 
strengthen muscles or to increase vaginal caliber. In- 
deed it is doubtful that such exercises produce any clear 
physiologic alteration. Rather, the postoperative sex 
therapy is designed to remove any contribution of 
chronic muscle tension (vaginismus) or low sexual 
arousal (poor lubrication) to vulvar irritation. Unfor- 
tunately, we have had little success in avoiding surgery 
by prescribing Kegel exercises, dilators, and couple ex- 
ercises without removing the actual vulvar lesions. 
Women who are of higher social class and who have 
more localized pain may be mere willing to accept a 
multifactorial model of pain causation. In contrast, a 
woman who perceives her pain as diffuse and over- 
whelming, and expects the physician to magically re- 
solve it with surgery, is unlikely to take an active role 
in her own rehabilitation. Such attitudes are more com- 
mon in less sophisticated women. 

The design of this case series limits the interpretation 
of our findings. This report describes our clinical ex- 
perience but does not constitute a controlled study with 
a no-treatment group or randomization to different 


‘protocols. The follow-up interval varied, and the as- 


sessment method at follow-up was not uniform. Most 
interviews were conducted by telephone, but a few pa- 
tients only provided data from their most recent office 
visit. With the establishment of a joint treatment pro- 
gram, all women are offered the same treatment com- 
ponents, including a pamphlet describing our beliefs 
about the causes of vulvar vestibulitis and the rationale 
for our combined treatment program. Compliance with 
the psychologic interventions has improved, and our 
impression is that cutcomes are even more positive. We 
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plan to see if we can make the program more cost- 
effective, for example, by training a nurse-clinician or 
mental health professional with a master’s degree to 
conduct interviews and postoperative counseling or by 
producing written or videotaped self-help materials 
covering the psychologic interventions. We would not 
advocate a gynecologist undertaking this program with- 
out a mental health colleague, because few could afford 
the time required to perform a psychologic assessment 
or to provide extensive education and sexual counsel- 
ing. Some specialized skills are also required. 

The characteristics of women in our case series are 
also similar to those in past reports. The prevalence of 
vulvar vestibulitis in our practice has surprised us and, 
as Friedrich? speculates, may represent vulvar irritation 
by a new and unidentified agent. In a recent survey of 
one general gynecologic practice, 15% of women met 
criteria for vulvar vestibulitis, although many had 
milder symptoms than those typically seen in tertiary 
settings.® Our patients were predominantly in their 20s 
and 30s''**° and included only two black patients, a 
very low rate for our clinical setting.” *° As in other 
series,” *° about half of patients were childless. 

Some factors common at pain onset in this series and 
in other series could be viewed as either organic or 
psychogenic. We and others have observed a high rate 
of apparent repeated vaginal or urinary tract infec- 
tions.” Most of these are undocumented and could 
represent misdiagnosis of the woman’s chronic vulvar 
pain. Often multiple trials of antibiotic or antifungal 
therapy have been unsuccessful in alleviating vulvar 
pain. It is possible, however, that vulvar vestibulitis is 
caused by an irritative or infectious agent that also 
causes vaginal or urinary tract symptoms. Another hy- 
pothesis is that vulvar and urinary tract inflammation 
are associated because of an autoimmune disorder, 
since the vestibule and urogenital sinus share a common 
embryologic origin. We would also raise the possibility 
that symptoms of vaginal burning, irritable bowel, or 
irritable bladder are common in these women because 
all are expressions of psychogenic factors, such as sex- 
ual trauma, sexual dysfunction, or depression.’*"* 2 

In six of eight women who had elective abortions, 
vulvar pain began just after the procedure. Each of 
these women expressed enduring guilt and conflict 


about her decision to abort. On the other hand, preg- © 


nancy termination may have changed the hormonal 
environment or exposed the woman to a pathogen, 
thereby contributing to vulvar lesions. Childbirth, a fac- 
tor at pain onset for another eight patients, can cause 
superficial dyspareunia because of pain from the epis- 
iotomy or a hypoestrogenic state during lactation. It 
could also contribute to sexual dysfunction (low desire, 
trouble becoming aroused, or vaginismus) as a second- 
ary effect of fatigue, depression, or fear of dyspareunia. 
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Vulvar pain that worsened during the late luteal phase 
of the menstrual cycle seemed more intractable. 
Women with cyclic pelvic pain also had a poorer prog- 
nosis in another case series.” Perhaps the subgroup of 
women reporting cyclic changes have a hormone-de- 
pendent vulnerability to vulvar irritation. Conversely, 
these women may have mood changes premenstrually 
that reduce sexual desire and increase attention to pain. 

Another current controversy is whether human pap- 
illomavirus is a cause of vulvar vestibulitis. We agree 
with discussants of Goetsch’s work® that human papil- 
lomavirus is currently overdiagnosed with inadequate 
criteria such as a biopsy specimen revealing koilocytesis. 
As in Goetsch’s series vulvar vestibulitis developed in 
several of our patients after intensive treatment with 
fluorouracil cream or laser surgery. The possible iat- 
rogenic effects of such therapies are not insignificant. 
It is also important to note that genital human papil- 
lomavirus infections are typically painless, in contrast 
to the lesions of vulvar vestibulitis. We had confirmed 
evidence of human papillomavirus in only one of cur 
patients, a prevalence to be expected on a random basis 
in this age group. 

Some psychologic factors seemed unusually preva- 
lent in this group of gynecologic patients, i.e., severe 
marital conflict in 54%, somatization disorder in 42%, 
nongenital chronic pain syndromes in 51%, and de- 
pressive symptoms in 36%. However, these prevalence 
rates from interview data are reminiscent of psycho- 
logic factors seen in other chronic pelvic pain popu- 
lations.'*'* Actual scores on the Brief Symptom Inven- 
tory were not elevated, perhaps because women with 
vulvar vestibulitis attribute pain to medical factors and 
deny psychologic distress. In contrast, women treated 
for early stage cervical cancer had moderately elevated 
scores on the Brief Symptom Inventory.” The onset of 
vulvar pain occurred at a time of life stress for many 
of our women, for example, in a new sexual relation- 
ship, during a period of marital conflict or dissolution, 
or in a period of job or financial problems, yet these 
factors were not predictive of response to treatment. 
The 19% rate of sexual abuse history in our sample 
was higher than Friedrich’s finding of 12% but far 
lower than the prevalence among women with chronic 
pelvic pain” or somatization disorder.” Psychologic fac- 
tors may influence pain onset by interfering with sexual 
arousability or promoting vaginismus. The resulting 
introital irritation can become chronic and severe in 
some women. Pain developed in all of our patients dur- 
ing periods when they were sexually active, although 
there are a few reports of vulvar vestibulitis in celibate 
women.” ê 

How does vulvar vestibulitis develop? We hypothesize 
a complex, interactive process. A woman may be vul- 
nerable physiologically because of unknown local or 
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genetic factors (given the racial imbalance in preva- 
lence), a pathogen, or a hypoestrogenic state. She may 
be at risk psychologically if she tends to react to stress 
with somatic symptoms, especially chronic pain. She 
then experiences reduced sexual desire and arousal, 
with increased pelvic Hoor muscle tension (vaginismus), 
so that coitus is irritating and painful. Such a recurrent 
pattern can result from experiencing dyspareunia re- 
lated to endometriosis, childbirth, gynecologic surgery, 
or repeated urogenital infections. Emotional stress, 
particularly relationship conflict, also can interfere with 
normal sexual function. The repeated trauma of coitus 
in an unaroused state with abnormal muscle tension 
may establish vulvar inflammation and lesions in the 
vulnerable women. If our hypothesis is correct, a com- 
bined surgical and psychologic treatment program is 
critical in addressing the multiple factors that promote 
and maintain vulvar vestibulitis. 
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NORPLANT SYSTEM users (1.3 per 1000 woman-years) was significantly below the rate estimated 
for noncontraceptive users in the U.S. (2.7 to 3.0 per 1000 woman-years). Ectopic pregnancy risk 
may increase with duration of NORPLANT SYSTEM use and increased weight of the user. Rule out 
ectopic pregnancy in any patient presenting with lower-abdominal pain. 

4. Breast-feeding — Steroids are not the contraceptives of first choice for lactating women. 
Levonorgestrel has been identified in breast milk. Limited data suggests no significant effects on 
infant growth or health when mothers used the NORPLANT SYSTEM beginning 6 weeks after 
parturition. 

5. Foreign-body Carcinogenesis — Rarely, cancers occur at foreign-body intrusion sites or old 
scars. None has been reported in NORPLANT SYSTEM clinical trials and risk to users is judgec to 
be minimal. 

6. Thromboembolic Disorders — Remove capsules if active thrombophlebitis or thromboembolic 
disease develops. With prolonged immobilization removal should be considered. 

B. WARNINGS BASED ON EXPERIENCE WITH COMBINATION (PROGESTIN PLUS ESTROGEN) 
ORAL CONTRACEPTIVES (OCs) 

Note: Many of the side effects or risks listed below are thought to be estrogen-related; the 
association of the NORPLANT SYSTEM progestin-only method to these risks is unknown. 

1. Cigarette Smoking — Cigarette smoking increases the risk of serious cardiovascular side effects 
from combined OC use. Risk increases with age and heavy smoking (215 Cigarettes/day) and is 
quite marked in women over 35 years old. 

2. Elevated Blood Pressure — Increase in blood pressure has been reported in combination OC 
users; prevalence increases with long exposure. 

3. Thromboembolic Disorders and Other Vascular Problems — An increased risk of 
thromboembolic and thrombotic disease is associated with combination OC use. Estimate of 
relative risk is 4- to 11-fold higher for users vs. nonusers. 

Cerebrovascular Disorders: Combination OCs increase the relative and attributable risk of 
cerebrovascular events (thrombotic and hemorrhagic strokes). Generally, risk is greatest among 
hypertensive women > 35 years of age who smoke. 

Myocardial Infarction (MI): An increased risk of MI has been attributed to combined OC use. This is 
thought to be primarily thrombotic in origin and related to the estrogen component. Increased risk 
occurs primarily in smokers or women with other underlying risk factors for coronary-artery 
disease. Relative risk of heart attack for combined OC users is estimated as 2 to 6 times that tor 
nonusers. Absolute risk is very low for women under 30 years old. 

Studies indicate a significant trend toward higher MI and stroke rates with increased progestin 
doses in combination OCs. However, recent data indicated no increased MI risk with past use of 
levonorgestrel-containing OCs. 

4. Carcinoma — Recent evidence in the literature suggests no association between OC use and 
increased risk of breast cancer in the overall population of users. The Cancer and Steroid Hormone 
(CASH) study also showed no latent effect on breast cancer risk for at least a decade following 
long-term use. Some of these same studies have shown an increased relative risk of breast cancer 
in certain subgroups; no consistent pattern has been identified. Some studies suggest an 
association between combination OCs and an increase in the risk of cervical intra-epithelial 
neoplasia in some populations of women. The extent to which such findings may be due to 
differences in sexual behavior and other factors remains controversial. A cause-and-effect 
relationship between combined OC use and breast or cervical cancer has not been established. 
Combination OCs may decrease ovarian and endometrial cancer risk. Irregular bleeding patterns 
associated with NORPLANT SYSTEM use could mask cervical or endometrial cancer symptoms. 

5. Hepatic Tumors — Hepatic adenomas are associated with combination OC use: estimated 
incidence is 3 events per 100,000 users per year. Risk increases after 4 or more years of use. 
Hepatic adenomas are benign but may rupture and cause death through intra-abdominal 
hemorrhage. 

6. Ocular Lesions — Retinal thrombosis is associated with OC use and is believed to be related to 
the estrogen component. However, NORPLANT SYSTEM capsules should be removed if there is 
unexplained partial or complete vision loss; onset of proptosis or diplopia; papilledema; or retinal 
vascular lesions. Undertake appropriate diagnostic and therapeutic measures immediately. 

7. Use Before or During Early Pregnancy — Extensive epidemiological studies reveal no increased 
risk of birth defects when OCs are used prior to pregnancy. Studies also do not suggest a 
teratogenic effect when taken inadvertently during early pregnancy. No evidence suggests that risk 
with NORPLANT SYSTEM use is different. 
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8. Gallbladder Disease — Early studies reported an increased lifetime relative risk of gallbladder 
surgery in OC or estrogen users. More recent studies, however, indicate that the relative risk of 
gallbladder disease with OC use may be minimal; this may be related to use of OCs with less 
estrogen and progestin content. 

Precautions 

GENERAL: 

1. Physical Examination and Follow-up — A complete medical history and physical examination 
should be taken prior to implantation or reimplantation of NORPLANT SYSTEM capsules and at 
least annually during its use. Exams should include special reference to the implant site, blood 
pressure, breasts, abdomen and pelvic organs, including cervical cytology and relevant laboratory 
tests. Rule out malignancy in cases of undiagnosed, persistent or recurrent abnormal vaginal 
bleeding. Women with a strong family history of breast cancer or who have breast nodules should 
be monitored with particular care. 

2. Carbohydrate Metabolism — Altered glucose tolerance is found in some combination and 
progestin-only OC users. Effects of NORPLANT SYSTEM on carbohydrate metabolism appear 
minimal. Observe diabetic and prediabetic patients carefully while using the NORPLANT SYSTEM. 
Follow women being treated for hyperlipidemias closely if using the NORPLANT SYSTEM. Some 
progestins may elevate LDL and may render control of hyperlipidemias more difficult. (See 
Warnings.) 

3. Liver Function — Consider removing capsules if jaundice develops. Steroid hormones may be 
poorly metabolized in patients with impaired liver function. 

4. Fluid Retention — Steroid contraceptives may cause some degree of fluid retention. Prescribe 
with caution, and careful monitoring, in patients with conditions possibly aggravated by fluid 
retention. 

9. Emotional Disorders — Consider removing capsules if significant depression occurs since the 
symptom may be drug-related. Observe carefully those with history of depression and consider 
removal if depression recurs to a serious degree. 

6. Contact Lenses — Contact-lens wearers who develop visual changes or changes in lens 
tolerance should be assessed by an ophthalmologist. 

7. Insertion and Removal — Insertion is advised during the first 7 days of the cycle or immediately 
following abortion to insure that the woman is not pregnant and to assure contraceptive 
effectiveness during first cycle of use. Capsules may be inserted at any time during the cycle 
provided pregnancy has been excluded and a nonhormonal contraceptive method is used for the 
remainder of the cycle. Insertion is not recommended before 6 weeks postpartum in breast-feeding 
women. Follow insertion and removal instructions closely. Healthcare professionals are strongly 
advised to be instructed in the procedures before they attempt them. Proper insertion just under the 
Skin facilitates removals; proper insertion and removal should result in minimal scarring. If all 
Capsules cannot be removed at first attempt, attempt removal later when the site has healed. 
Bruising may occur at implant site during insertion or removal. Hyperpigmentation may occur over 
implant site but is usually reversible following removal. See Full Prescribing Information for 
Detailed Insertion/Removal Instructions. 

8. Infections — Implant site infection has been uncommon (0.7%); aseptic technique and proper 
insertion/removal reduces possibility of infection. Institute treatment if infection occurs: remove 
capsules if infection persists. 

9. Expulsion — Expulsion of capsules was uncommon; frequency increased when capsule 
placement was extremely shallow, was too close to incision, or when infection was present. 
Replace expelled capsule with new sterile capsule. Treat and cure any infection before replacement. 
Contraceptive efficacy may be inadequate with fewer than 6 capsules. 

10. Provisions for Removal — Advise women that capsules may be removed at any time for any 
reason. Personnel instructed in removal technique should perform removal on request or at the end 
of 5 years of usage. Upon removal, dispose of capsules in accordance with Centers for Disease 
Control Guidelines for biohazardous waste. 

DRUG INTERACTIONS: Reduced efficacy (pregnancy) in NORPLANT SYSTEM users has been 
reported when phenytoin or carbamazepine were used concomitantly. Warn NORPLANT SYSTEM 
users of possible decreased efficacy with use of related drugs. 

DRUG/LABORATORY TEST INTERACTIONS: 1. Sex-hormone-binding globulin concentrations are 
decreased. 2. Thyroxine concentrations may be slightly decreased and triiodothyronine uptake 
increased. 

CARCINOGENESIS: See Warnings section and Full Prescribing Information. 

PREGNANCY: Pregnancy Category X. See Warnings section and Full Prescribing Information. 
NURSING MOTHERS: See Warnings section and Full Prescribing Information. 

INFORMATION FOR THE PATIENT: See Patient Labeling. Provide copy of patient labeling to the 
patient. Advise patients that Prescribing Information is available upon request. Inform prospective 
users of risks and benefits associated with NORPLANT SYSTEM use, with other forms of 
contraception, with no contraception, and about insertion/removal procedures. Informed consent 
from all patients may be desired in light of techniques involved with insertion and removal. 
Adverse Reactions 

The following have been associated with the NORPLANT SYSTEM during first year of use: many 
bleeding days or prolonged bleeding (27.6%); spotting (17.1%); amenorrhea (9.4%): irregular 
(onsets of) bleeding (7.6%); frequent bleeding onsets (7.0%); scanty bleeding (5.2%): pain or 
itching near implant site - usually transient - (3.7%); infection at implant site (0.7%); removal 
difficulties affecting subjects - based on 849 removals - (6.2%). 

Controlled clinical studies suggest that the following, occurring during the first year, are probably 
associated with NORPLANT SYSTEM use: headache; nervousness; nausea; dizziness; adnexal 
enlargement; dermatitis; acne; change of appetite; mastalgia; weight gain; hirsutism, hypertrichosis, 
and scalp-hair loss. The following were reported with a frequency of 5% or greater during the first 
year and possibly may be related to NORPLANT SYSTEM use: breast discharge; cervicitis; 
musculoskeletal pain; abdominal discomfort; leukorrhea; vaginitis. 

Overdosage 

Overdosage may cause fluid retention with its associated effects and uterine bleeding irregularities. 
Dosage and Administration 

The NORPLANT SYSTEM consists of six Silastic® capsules, each containing 36 mg of the progestin, 
levonorgestrel. The total administered (implanted) dose is 216 mg. Implantation of all six capsules 
should be performed during the first 7 days of the onset of menses by a healthcare professional 
instructed in the NORPLANT SYSTEM insertion technique. Insertion is subdermal in the midportion 
of the upper arm about 8 to 10 cm above the elbow crease. Distribution should be in a fanlike 
pattern, about 15 degrees apart, for a total of 75 degrees. Proper insertion will facilitate later 
removal. (See Full Prescribing Information for Detailed Insertion/Removal Instructions.) 
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Regulatory effect of antiphospholipid antibodies on signal 
transduction: A possible model for autoantibody-induced 


reproductive failure 


Norbert Gleicher, MD, Lisa Harlow, BS, and Moshe Zilberstein, MD 


Chicago, Linois 


OBJECTIVES: The broad range of reproductive processes apparently affected by antiphospholipid 
antibodies suggests that antiphospholipid antibodies have to exert their clinical effects at every basic . 
cellular level. Because phospholipids constitute essential components of every cell membrane, and 
because signal transduction processes are dependent on second messengers with phospholipid epitopes, 
we investigated the hypothesis that interference with signal transduction processes by antiphospholipid 


antibodies could represent such a basic cellular process. 


STUDY DESIGN: To test this hypothesis we established an in vitro placental culture system in which the 
stimulation of explants by phospholipase A, and phospholipase C in the presence of normal human serum 
resulted in a significant increase in human chorionic gonadotropin secretion. 

RESULTS: When normal human sera were replaced with antiphospholipid antibody—containing sera from 
two women with established histories of reproductive failure, this increase in human chorionic gonadotropin 
production was inhibited 42% to 44% under phospholipase A, stimulation and by 34% to 39% under 
phospholipase C stimulation. The hypothesis that antiphospholipid antibodies can interfere with signal 
transduction processes was further strengthened by the observation that antiphospholipid 
antibody—positive sera contained significantly higher immunoglobulin A antibody reactivity toward the 
second messenger inosito! 1,4,5-triphosphate than control sera (p < 0.049). 

CONCLUSIONS: These observations suggest the possibility that if present at excessive levels 
antiphospholipid antibodies may exert their adverse effect on reproductive processes through the 
interception of signal transduction processes. (Am J OssteT GYNECOL 1992;167:637-42.) 


Key words: Phospholipid antibodies, signal transduction, reproductive failure 


Abnormal antibodies have been associated with a va- 
riety of clinical presentations for decades.’ Only re- 
cently, however, have autoantibodies also been linked 
with reproductive failure in often clinically completely 
asymptomatic women.* We have been puzzled that au- 
toantibody specificities appeared to interfere with re- 
productive success in such divergent clinical situations 
as fertilization,® success with in vitro fertilization,’ unex- 
plained infertility, repeated pregnancy loss,*° endo- 
metriosis,”” and intrauterine growth retardation and 
hypertensive diseases of pregnancy.'*'’ Such a broadly 
based effect of autoantibody abnormalities on repro- 
ductive processes can only be explained if the autoan- 
tibody-mediated interference occurs at a very basic cel- 
lular level. 

Most autoantibody abnormalities that have been as- 
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sociated with reproductive failure are directed against 
phospholipid epitopes.* Antiphospholipid antibodies 
are highly cross-reactive and are of rather low sped- 
ficity.'* Phospholipids are major constituents of every 
cellular membrane and have recently been shown to 
play a universal and essential role in cellular signal 


‘transduction mechanisms.’ Consequently, our stucy 


was designed to determine whether antiphospholipid 
antibodies do, in fact, play a regulatory role in signal 
transduction. 

Signal transduction represents a complex process. 
After the attachment of an extracellular effector to its 
specific receptor on the cell membrane, hydrolysis of 
membranal phospholipids by phospholipase A, ard 
phospholipase C gives rise to well-characterized and 
potent second messengers.'*'? These messenger mol- 
ecules constitute a relay mechanism in the regulation 
of cell division and cell secretion. For example, the ac- 
tion of hormones, growth factors, and other immu- 
noactive substances to promote growth and differen- 
tiation is mediated through such receptor activation of 
membranal phospholipases. Both phospholipase <A, 
and phospholipase C contribute to the formation of 
arachidonic acid and, subsequently, to the production 
of arachidonic acid—derived products, such as leuko- 
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Table I. Clinical characteristics and antiphospholipid antibody specificities of two female blood donors 
with reproductive failure in association with antiphospholipid antibody positivity 


Age 

Gravidity 

Parity 

Reproductive failure 
Spontaneous pregnancy loss 
Endometriosis 
Anovulation 

Clinical autoimmune phenomena 
Vasculitis 
Thrombosis 
Gammopathy 
Other 

Antiphospholipid specificities 


Lupus anticoagulant 


Patient 1 


30 

2 

0 

Yes 

2 

Stage IV* 

Yes 

Yes 

Yes 

Myocardial infarction 

IgG, IgA 

Type I diabetes mellitus 

IgG and IgA anticardiolipin 

IgG and IgA antiphosphatidic acid 

IgG and IgA antiphosphatidylinositol 

IgG antiphosphatidylserine 

IgG antiphosphatidylglycerol 

IgA antiphosphatidylethanolamine 

Tissue thromboplastin inhibition test 
1.23, activated partial thromboplas- 


Patient 2 


34 
9 


IgM 

IgM anticardiolipin 

IgM antiphosphatidylserine 

IgM antiphosphatidylethanolamine 
IgM antiphosphatidylglycerol 

IgM antiphosphetidylinositol 

IgM antiphosphatidic acid 


tin time 54 sec 


*American Fertility Society classification, 


trienes and prostaglandins." '’ Ligand receptor—reg- 
ulated phospholipase C also induces membranal phos- 
pholipid turnover to result in the generation of inositol 
1 ,4,5-triphosphate (IP;) and diacylglycerol. IPs, in turn, 
is responsible for Ca~* mobilization. In the presence 
of Ca** and of yet another phespholipid, phosphati- 
dylserine diacylglycerol will activate the protein kinase 
C system." 

Thus antiphospholipid antibodies could theoretically 
interfere with the signal transduction process at a num- 
ber of sites in which phospholipids represent essential 
components of tne process. Such a hypothesis can be 
tested in vitro. For example, phospholipase A, and 
phospholipase C stimulate in an essential function of 
trophoblast the secretory functions of the placenta.'* 
This observation allows the establishment of an in vitro 
trophoblast culture model to investigate the possible 
effect of antiphospholipid antibodies on signal trans- 
duction. This communication wil summarize the pre- 
liminary results of an investigation that used such a 
model and suggests that antiphospholipid antibodies 
indeed exert a regulatory effect on signal transduction. 
The data are further supported by our evidence that 
antiphospholipid antibody—positive sera often also con- 
tain increased reactivity to such second messenger ep- 
itopes as IP,. 


Material and methods 


Placentas of clinically normal pregnancies were ob- 
tained immediately after vaginal delivery at term. Sev- 
eral cotyledons were removed and immersed in a sterile 
saline solution at room temperature. All tissues were 


processed within 1 hour after delivery. Tissue adjacent 
to the decidua was removed tc reduce decidual con- 
tamination before soft villous traphoblast was separated 
from adjacent blood vessels. Explants (40 to 250 mg in 
size) were excised and washed 10 times with sterile sa- 
line solution. The villous explants were then incubated 
in 24-well cluster plates (Falcon, Lincoln Park, N.J.) at 
37° Cin a 5% carbon dioxide atmosphere. Culture me- 
dium consisted of minimum essential medium with 
Earle’s balanced salt solution (Celgro, Mediateck, Wash- 
ington, D.C.), supplemented with glutamine, penicilin- 
streptomycin and 1% nutridoma normal serum (Boeh- 
ringer-Mannheim, Indianapolis). Each well containing 
l to 2 explants in 1 ml medium was then incubated in 
the presence of 1% antiphospholipid antibody—con- 
taining sera, a 1% human control serum, or without 
serum. These sera were added for 24 hours of prein- 
cubation and were later replenished during the sub- 
sequent stimulation with phospholipases. After the in- 
cubation period, phospholipase A, and phospholipase 
C were added to concentrations of 1 and 4.5 pmol/ml, 
respectively. Subsequently, the incubation was carried 
out for another 24 hours in the presence of either 1% 
control serum or 1% antiphospholipid antibody—con- 
taining sera from two patients with histories of repro- 
ductive failure. 

Table I summarizes autoantibody specificities and 
clinical presentations of the two women who provided 
antiphospholipid anttbody—positive sera for this study. 
As previously reported,” antiphospholipid antibody 
positivity was defined as an antibody level exceeding 
the 95th percentile of 400 apparently healthy adult 
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Fig. 1. hCG production by villous explants under serum-free (SF) conditions, with addition of normal 
serum (NS) 1% and under phospholipase A, (PLA) and phospholipase C (PLC) stimulation. 


controls serving as normal blood donors. Normal con- 
trol sera were obtained from a departmental sera bank. 
Antiphospholipid antibody—positive and control sera 


were investigated for reactivity to six phospholipid an- 


tigens (cardiolipin, phosphatidylserine, phosphati- 
dylethanolamine, phosphatidic acid, phosphatidyhinos- 
itol, and phosphotidylglycerol). In addition, all sera 
were also investigated for the presence of antibody 
reactivity to five histones and histone subfractions (H,, 
H-A, H-B, Hs, H4) and for antibodies to four polynu- 


= cleotide specificities (ssDNA, dsDNA, poly I, poly DT). 


All autoantibody evaluations were performed by en- 
zyme-linked immunosorbent assay as previously de- 
scribed in detail.'* To determine whether antiphospho- 
lipid antibody—positive sera contain reactivity against 
the epitopes of second messengers, an enzyme-linked 
immunosorbent assay for antibodies to IP, was estab- 
lished. 

Five antiphospholipid antibody—negative and nine 
antiphospholipid antibody—positive sera were investi- 
gated for reactivity against IP,. Enzyme-linked immu- 
nosorbent assay wells were coated with 5 pmol/ml IP, 
(Calbiochem, La Jolla, Calif.) dissolved in bicarbonate 
buffer. The wells were subsequently incubated for 2 
hours with fetal calf serum and then washed. At this 
point control sera or sera from female patients with 
high antiphospholipid antibody titers were added to 
the wells. Second alkaline phosphatase—conjugated an- 
tibody was added and the enzyme-linked immunosor- 
bent assay was completed as described before.'* 

Human chorionic gonadotropin (hCG) measure- 
ments were performed with a stratus hCG fluorometric 
enzyme immunoassay kit (Baxter Health Care Corpo- 
ration, Miami). This kit uses mouse monoclonal anti- 
hCG immunoglobulin G. Media collected at the end of 


each experiment were frozen at — 20° C until all assays 
were performed simultaneously. 


Results . 


The production of hCG by term human villous ex- 
plants was the lowest when the explants were incubated 
for 24 hours under serum-free conditions and the me- 
dium was merely supplemented with nutridoma nor- 
mal serum (Fig. 1). This observation is in accord with 
previous reports, which have suggested a supportive 
effect of serum upon hCG production and placental 
cell differentiation.** When placental explants were in- 
cubated for another 24-hour period in the presence of 
either 1% control serum or 1% serum of antiphospho- 
lipid antibody—positive patients 1 and 2 (data not 


shown), there was still no difference in the basal pro- 


duction of hCG by the placental explants. Because of 
variation in secretion between preparations, the data 
are presented in representative figures. However, when 
phospholipases were added to the culture medium un- 
der otherwise identical preincubation conditions, the 
production of hCG into the medium increased signif- 
icantly (Fig. 1). When control serum during the preir- 
cubation period and during the administration of phos- . 
pholipases was replaced with 1% antiphospholipid ar- 
tibody—containing sera from patients 1 and 2, 
phospholipase A, stimulation of hCG production was 
inhibited 42% by patient 1 and 44% by patient 2. Phos- 
pholipase C-—induced hCG stimulation was inhibited 
34% by patient 1 and 39% by patient 2 (Fig. 2). There 
was no difference between the effects of 1% and 10% 
antiphospholipid antibody serum (data not shown). 
These ranges of inhibition represent the mean of 23 
and <6 replicate wells. 

Antiphospholipid antibody—positive patients dem- 
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Fig. 2. Effects of antiphospholipid antibodies on the increase of hCG production by villous explants, 
induced by the phospholipases phospholipase A, (PLA) and phospholipase C (PLC). NS, Normal 
serum 1%; P;, Pz, sera from antiphospholipid antibody—positive patients 1 and 2 (1%). 


onstrated generally higher anti-IP,; activity, although 
only the results for immunoglobulin A anti-IP, reached 
statistical significance (p < 0.04¢, Student’s ¢ test) (Fig. 
3). 


Comment 


The mechanisms of hormone production by the hu- 
man placenta are still largely unknown. The constitu- 
tive fashion of hCG secretion suggests the involvement 
of local regulatory mechanisms.” Membrane phos- 
phoinositide turnover, the activation of protein kinase 
C, arachidonic acid products, cvclic adenosine mono- 
phosphate, and Cat* have been proposed as mediators 
of developmental and secretory processes in the pla- 
centa.” Receptor-dependent release of those second 
messengers has been shown to be induced by the ligand- 
receptor activation of membranal phospholipase A, 
and phospholipase C.'*'’ The mode of action of both 
enzymes is well characterized, and they use membranal 
phospholipids as substrates. Phospholipase Az cleaves 
arachidonic acid from the sn-2 position of membranal 
phospholipids. Arachidonic acid in turn gives rise to a 
cascade of prostaglandins and leukotrienes. Phos- 
pholipase C cleaves polar head groups of phospho- 
inositides in the membrane, resulting in the formation 
of the second messengers diacylglycerol and IP,. The 
latter are instrumental in the subsequent rise of Ca++, 
On the other hand, in the presence of Ca** and of yet 
another phospholipid, phosphatidylserine diacylglyc- 
erol activates protein kinase C. Diacylglycerol can also 
be a source of arachidonic acid, which is then generated 
through the phospholipase C pathway. t" 

In our study we demonstrate for the first time that 
phospholipase A, and phospholipase C indeed stimu- 
late the secretion of hCG when acded to villous explants 
in culture. Although the exact processes by which phos- 


pholipase A, and phospholipase C stimulate glycopro- 
tein hormone production in vitro have remained un- 
defined, phospholipase A, has previously been shown 
to stimulate human placental lactogen, but not hCG, 
synthesis in a similar preparation.’ 

The effects we describe of tne two phospholipases 
probably represent the conventional signal transduc- 
tion pathway described above. Alternative effects of 
those phospholipases on the plasma membrane, such 
as the production of lysophospholipids or changes in 
membrane fluidity cannot, however, be ruled out. That 
sera from antiphospholipid antibody—positive women 
significantly inhibited phospholipase A, and phospho- 
lipase C~induced hCG production by villous explants 
suggests, however, that indeed an exogenous effect by 
phospholipases occurs. This effects appears to be at 
least in part mediated through genuine signaling path- 
ways, which antiphospholipid antibodies are capable of 
interrupting. 

It has previously been shown that treatment of bone- 
cell cultures with exogenous phespholipase C increased 
their creatinine kinase activity and deoxyribonucleic 
acid synthesis. Antiphospholipid antibody—containing 
serum blocked this effect.” A similar effect can, how- 
ever, also be achieved by substances that bind to mem- 
branal phospholipids such as gentamicin.” This sug- 
gests that antiphospholipid antibodies exert their effect 
on signal transduction by neutralizing phospholipids, 
which are the membranal substrate for phospholi- 
pases.” Alternatively, it has to >e considered that an- 
tiphospholipid antibodies gain access to the cytoplasma 
and directly affect second-messenger phospholipids 
such as IPs, diacylglycerol, or phosphatidylserine. 

Patients with abnormally high antiphospholipid an- 
tibodies exhibit a broadly based polyclonal B lympho- 
cyte activation. Cross reactivities among antiphospho- 
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lipid antibodies are frequent, as is cross-specificity with 
other autoantibody groupings.” Thus it is not surpris- 
ing that antiphospholipid antibody—positive individu- 
als, as shown here, often also exhibit antibody reactivity 
against second messengers with phospholipid epitopes. 
Whether through specific or cross-reactive processes, It 
therefore has to be concluded that antiphospholipid 
antibodies may affect signal transduction pathways at 
more than one step along the second messenger 
cascade. 

The possibility that immunoglobulins can affect in- 
tracellular processes has recently been suggested.” Fur- 
ther support for such a hypothesis comes from the 
observation reported here that antibodies to IP; can be 
detected in control and antiphospholipid antibody— 
positive individuals, though at somewhat higher levels 
in positive women. The same observation has previ- 
ously been made by us” and other laboratories” for 
antibodies to phosphatidylserine. The physiologic pres- 
ence of low levels of antibodies to the various second 
messengers in normal individuals suggests a possible 
physiologic regulatory role for these antibodies under 
normal conditions, This role could include the normal 
down-regulation of signal transduction pathways when 
such down-regulation is required. Under pathologic 
conditions when autoantibody levels are abnormally 
high the resultant down-regulation could then be ex- 
pected to exceed a physiologic range. Under such cir- 
cumstances signal transduction pathways could be in- 
terrupted, which could lead to disease. 

Even though the regulatory function of antiphos- 
pholipid antibodies we propose is new, others have 
raised the question of whether phospholipases may play 
a role in the so-called antiphospholipid syndrome, 
which is characterized by pregnancy failure.” It has also 
been suggested that antiphospholipid antibodies inter- 
act with the platelet membrane to cause the “activation” 
of phospholipase A, and phospholipase C and thereby 
the generation of arachidonic acid products and plate- 
let aggregation.” Platelet aggregation, in turn, has been 
hypothesized to contribute to thromboembolic phe- 
nomena that could lead to pregnancy loss.” 

Antiphospholipid antibodies of both immunoglob- 
ulin G and M isotypes have been associated with re- 
productive failure.? Even though sera from patients 1 
and 2, who were chosen for this study because of their 
respective prevalence of immunoglobulin G (patient 1) 
and immunoglobulin M (patient 2) antiphospholipid 
antibodies, inhibited signal transduction almost evenly, 
it still remains to be confirmed that they also exert in 
vivo equal effects. 

Since this study was completed, patient 2 conceived 
and successfully delivered on an aspirin-prednisone 
protocol. 

Our study used polyclonal sera. Consequently, the 
possibility exists that the antiphospholipid antibody— 
associated effects on signal transduction are not caused 
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Fig. 3. IgG, IgM, and IgA reactivity to IP, in antiphospholipid 
antibody—positive and negative (control) patients. Antibody 
reactivity to IP, was detectable in antiphospholipid antibody— 
positive and negative patients, with IgA reactivity demonstrat- 
ing significantly higher levels in antiphospholipid antibody— 
positive individuals {p < 0.049; ¢ test). 


by antiphospholipid antibodies but by accompanying 
substances with antiphospholipid antibodies only serv- 
ing as disease markers. Although this is unlikely in view 
of negative findings with antiphospholipid antibody— 
negative sera, such a possibility cannot be completely 
ruled out until monoclonal antiphospholipid antibodies 
can be identified that affect signal transduction in a 
fashion similar to that of the polyclonal sera in our 
study. 

In a recently published study by Stagnaro-Green et 
al., the presence of antithyroid autoantibodies, even 
at clinically insignificantly low levels, was associated with 
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an increased risk for pregnancy loss. This once again 
suggests a very basic effect of autoantibodies that is 
entirely compatible with the cellular effect on signal 
transduction we reported in this article. 


Addendum 


Since our article was submitted, Flescher et al.” re- 
ported that aspirin-like drugs prime human T lym- 
phocytes by increasing intracellular Ca** levels. Intra- 
cellular Ca** levels are second messengers of crucial 
importance in the signal transduction process that 
leads to T-cell activation. Thus aspirin-like com- 
pounds appear potentially able to counteract any in- 
hibitory effect on the signal transduction process, 
inclusive of the one reported in this article. This cb- 
servation provides a very attractive explanation for why 
aspirin represents an effective treatment in phospho- 
lipid antibody—associated conditions such as preg- 
nancy-induced hypertension and intrauterine growth 
retardation.'* ' 
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Effect of orthostatic stress on umbilical Doppler waveforms in 
normal and hypertensive pregnancies 


Tanya K. Sorensen, MD, Susan Hendricks, MD, Thomas R. Easterling, MD, 


Karen L. Carlson, RN, and Thomas J. Benedetti, MD 


Seattle, Washington 


OBJECTIVE: Our stucy examined the effects of orthostatic stress and maternal hemodynamics on 
umbilical systolic/diastolic ratios in normal and hypertensive pregnancies. 

STUDY DESIGN: Eighteen normal and 20 hypertensive third-trimester pregnancies were examined in the 
left lateral recumbent, sitting, and standing positions. Measurements included umbilical systolic/diastolic 
ratio, maternal blood pressure, maternal cardiac output, and maternal total peripheral resistance. 
RESULTS: All patients demonstrated a fall in cardiac output and a rise in total peripheral resistance with 
standing. No change in systolic/diastolic ratio occurred with change to the upright position in patients with 
normotension. Patients with hypertension exhibited a significant increase in umbilical systolic/diastolic ratio 
with postural change. The increase was more marked in women who had hypertension with elevated 


peripheral resistance. 


CONCLUSION: Patients with hypertension are at increased risk of elevation of systolic/diastolic ratio with 
postural change; women with high-resistance hypertension may be at highest risk. (AM J OBSTET GYNECCL 


1992:167:643-7.) 


Key words: Posture, hypertension, maternal hemodynamics, fetal Doppler 


The uncomplicated human pregnancy is well 
adapted to the upright posture; normal maternal ac- 
tivity seems to cause no harm to the fetus.’ Conversely, 
bed rest is often recommended in hypertensive preg- 
nancies to decrease maternal blood pressure and im- 
prove uteroplacental blood flow. 

Umbilical Doppler velocimetry has been used to as- 
sess placental vascular resistance indirectly. Continu- 
ous-wave Doppler measurements are recorded as wave- 
forms, with the peak of the waveform representing 
relative flow in fetal systole and the trough representing 
diastole. Vessels in the placenta cause reflection of for- 
ward compression waves generated by the fetal heart- 
beat; an increased systolic/diastolic ratio is thought to 
indicate high downstream resistance. High systolic/di- 
astolic ratios have been correlated with hypertension, 
intrauterine growth retardation, and poor pregnancy 
outcome.” 

Maternal cardiac output can also be measured by 
Doppler technology. The hemodynamics of pregnant 


From the Department of Obstetrics and Gynecology, University of 
Washington Medical Center. 

Supported by the Ted Adams Award, the Pacific Coast Obstetrical and 
Gynecological Association, and National Institutes of Health grant 
No. MOI-RROO037. 

Received for publication August 6, 1991; revised January 24, 1992; 
accepted March 31, 1992, 

Reprint requests: Tanya K. Sorensen, MD, Division of Perinatal 
Medicine, Swedish Haspital Medical Center, 747 Summit Ave., 
Seattle, WA 98104. 

6/1/38216 


patients with hypertension are heterogeneous: some 
patients have increased cardiac output and others have 
increased resistance. Those with elevated total periph- 
eral resistance have increased rates of low-birth-weight 
infants when compared with those with high cardiac 
output.* 4 

Our study was undertaken to assess the effect of ma- 
ternal postural change on fetal umbilical Doppler wave- 
forms in normal and hypertensive pregnancies. In par- 
ticular we examined the relationship between maternal 
hemodynamics and change in fetal systolic/diastolic ra- 
tio with position change. We hypothesized that patients 
with hypertension would exhibit increased fetal svs- 
tolic/diastolic ratios with orthostatic stress and that 
those patients who had hypertension with high total 
peripheral resistance would exhibit a more pronounced 
change. 


Material and methods 


Eighteen patients with normotension and 20 patients 
with hypertension in the third trimester were recruited 
from the University Women’s Clinic. Patients were ex- 
cluded if they had abnormal placentation, fetal anom- 
alies, or multiple gestation. The hypertensive group 
consisted of patients not taking medication who had 
sustained blood pressure >140/90 mm Hg. The con- 
trol group included patients with normotension who 
had no evidence of illness, including diabetes, autoim- 
mune disorder, or cardiopulmonary disorder. 

Maternal and fetal examinations were performed in 
the left lateral recumbent position after a 5-minute rest 
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Table I. Comparison of gestational age, umbilical systolic/diastolic ratio, and maternal hemodynamics bv 
group (mean + SD) 





Cardiac output 85 1.3 
(L/min) 

TPR 762 + 159 
(dynes/sec/cm~°) 

Mean arterial pres- 9+9 
sure (mm Hg) 

Umbilical artery 2.46 + 5 
systolic/ diastolic 
ratio 

Gestational age (wk) 34.5 + 4.5 


TPR, Total peripheral resistance. 


Normal Hypertension High TPR Normal TPR 
(n = 18) (n = 20) (n = 8) (n = 12) 


8.2 + 1.9 
1031 + 251* 
100 + 7* 


3.0 + 9 


32.8 + 3.7 





6.6 + 743 9.2 + 1.6 
1273 + 123* 870 + 168 
104 + 7* 97.5 + 6* 
3.2 + Q* 2.9+9 
33.1 + 3.9 32.5 + 3.5 


*p < 0.01 compared with normal (unpaired two-tailed Student’s ¢ test). 


period. Measurements were repeated in the sitting and 
standing positions after 5 mirutes of equilibration. 
Each patient was studied only once. Maternal cardiac 
output was measured by a Doppler technique that was 
previously validated.* The aortic diameter was mea- 
sured with A-mode ultrasonography. A time velocity 
curve of blood How through the aorta during systole 
was obtained with Doppler ultrasonography. Stroke 
volume was derived from the product of the integral 
ot the time velocity curve and the cross-sectional area 
of the aorta. Cardiac output wes then determined by 
multiplying heart rate by stroke volume. Blood pres- 
sure was measured with an automated cuff. Total pe- 
ripheral resistance and mean arterial pressure (MAP) 


were calculated with the following formulas, in which | 


dBP stands for diastolic blood pressure and sBP stands 
for systolic blood pressure: 


2dBP + 'sBP 


MAP = 
3 


80 MAP 


Total peripheral resistance = ~~ 
eee Cardiac output 


On the basis of previous clinical experience, elevated 
tctal peripheral resistance was defined at the outset of 
the study as >1150 dynes/sec/cm~*. Umbilical artery 
Doppler waveforms were obtained by two of the au- 
thors (T.S. and S.H.) with a continuous-wave Doppler 
machine (Medasonics Vasculab, Mountain View, Calif.). 
Umbilical systolic/diastolic ratios were calculated from 
waveforms obtained during a period of fetal apnea and 
inactivity. 

Statistical analysis was performed with analysis of var- 
lance to compare left lateral recumbent, sitting, and 
standing measurements within groups. To compare 
measurements and gestational age in weeks between 
groups, we used two-tailed unpaired Student's ¢ tests. 
The Mann-Whitney U test was used for comparison of 
ckange in systolic/diastolic ratio because these values 
were not normally distributed. Finally, total peripheral 


resistance and MAP were correlated with postural 
change in umbilical systolic/diastolic ratio by means of 
simple linear regression. p Values <0.05 were consid- 
ered significant. 


Results 


Eight patients with hypertension met the criteria for 
high total-peripheral resistance: the remaining 12 were 
categorized as having normal-resistance hypertension. 
Mean gestational age, baseline (left lateral recumbent) 
umbilical systolic/diastolic ratio, and baseline maternal 
hemodynamic measurements are listed in Table I. 
There were no significant differences in gestational age 
among the groups. With change to an upright position, 
all patients demonstrated a marked increase in cardiac 
output (p < 0.001) and an increase in total peripheral 
resistance (p < 0.001). Patients with normal-resistance 
hypertension and patients with normotension had an 
increase in blood pressure (p < 0.01). Patients with 
high-resistance hypertension had no change in mean 
arterial pressure (Table II). The postural change in 
blood pressure was significantly different between pa- 
tients with normotension and patients with high-resis- 
tance hypertension (p = 0.02). The materna: changes 
were otherwise similar among groups. 

Fetal Doppler measurements among groups and with 
position change are illustrated in Fig. 1. Compared with 
controls, the baseline umbilical systolic/diastolic ratio 
was significantly greater in patients with high-periph- 
eral resistance, but not normal-resistance, hyperten- 
sion. Change in systolic/diastolic ratio with change to 
the sitting position was significantly greater in patients 
with hypertension than in patients with normotension; 
the change was also significantly greater in patients with 
high-resistance hypertension compared with those with 
normal-resistance hypertension. This effect persisted 
but was not heightened with standing. 

Correlation between initial (left lateral recumbent) 
total peripheral resistance and postural change in sys- 
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Table II. Maternal hemodynamic measurements (mean + SD) in different positions 


Left lateral 
recumbent Siting ` 


Cardiac output 


(L/min) 
Normal 8.5 + 1.3 
Hypertension 8.2 +19 
High TPR 6.6 + .74 
Normal TPR 9.2 + 1.6 
TPR} 
Normal 762.1 + 159 
Hypertension 1031 + 25] 
High TPR 1273.6 + 122.6 
Normal TPR 870 + 168 
Mean arterial pressure 
(mm Hg) 
Normal 79 +9 
Hypertension 100.1 + 6.9 
High TPR 104.1 + 6.6 
Normal! TPR 97.5 + 5.9 


Standing 
7.0 + 1.4* 6:3): 1,2* 
6:3 1.7" 5.6: A i 
Ss oF 4.8 + .58* 
Py ten oie 6.12 1.1* 
961.4 + 236* 1099 + 218.2* 
1308 + 371* 1504 + 309,4* 
1593 + 276.4* 1709 + 217* 
1118 + 300.7* 1368 + 291* 
81.3 + 10 84.6 + 9.7* 
98.8 + 10.2 100.7 + 8.6 
104 + 10.8 100.8 + 11.5 
95.1 + 8.3 100.6 + 6.6* 


TPR, Total peripheral resistance. No differences in degree of change in cardiac output or total peripheral resistance were seen 


among groups. 


*p < 0.01, compared with measurement in preceding position (analysis of variance). 
*No significant differences in changes with position among groups. 
Significant difference between women with high-resistance hypertension and women with normotension and women with 


normal-resistance hypertension in change in MAP with position. 


tolic/diastolic ratio among all subjects is diagrammed 
in Fig. 2. Baseline total peripheral resistance was sig- 
nificantly associated with the degree of elevation of um- 
bilical systolic/diastolic ratio. 


Comment 


Hypertension in pregnancy is often associated with 
intrauterine growth retardation and fetal distress. The 
systolic/diastolic ratios of the umbilical artery of hy- 
pertensive gestations are frequently elevated, and ele- 
vated systolic/diastolic ratios are also associated with 
growth retardation and poor perinatal outcome.”° Our 
study shows that systolic/diastolic ratios rise with or- 
thostatic stress in patients with hypertension but not in 
pregnant subjects with normotension. Previous studies 


have also examined umbilical Doppler and maternal - 


changes with physiologic stress in normal and hyper- 
tensive pregnancy. Rauramo and Forss”* reported um- 
bilical systolic/diastolic ratios before and after exercise. 
No change in fetal systolic/diastolic ratio was noted in 
normal pregnancies, but systolic/diastolic ratio was sig- 
nificantly increased after exercise in pregnancies with 
hypertension. Nisell et al.? measured plasma norepi- 
nephrine and cardiovascular indexes in response to tilt- 
ing in normal and hypertensive gravidas compared 
with postpartum controls. The increase in norepineph- 
rine level with posture change was higher tn pregnancy. 
Forearm vasoconstriction, prominent in nonpregnant 
patients after orthostatic stress, was abolished in nor- 
motensive but not in hypertensive gravidas. These find- 
ings suggest that patients with hypertension exhibit 


persistent vasoconstriction or inability to vasodilate in 
peripheral and possibly placental vascular beds. 

Maternal hemodynamics are heterogeneous in hy- 
pertensive’ pregnancies.* Increased cardiac output and 
increased total peripheral resistance have been var- 
iously reported. Our results demonstrate that the fetal 
systolic/diastolic ratio is related to the maternal he- 
modynamic profile. Umbilical systolic/diastolic ratios 
are increased in patients with high-resistance hyper- 
tension, but not in patients with normal-resistance hy- 
pertension. Furthermore, patients with hypertension 
demonstrate a rise in systolic/diastolic ratio with or- 
thostatic stress, and the magnitude of the orthostasis- 
induced increase in the systolic/diastolic ratio is directly 
related to maternal vascular resistance. To our knowl- 
edge ours is the first study to correlate maternal vas- 
cular resistance and fetal systolic/diastolic ratios. Ar. 
alternative explanation for the comparatively larger 
change in systolic/diastolic ratio in patients with high- 
peripheral-resistance hypertension is that, because 
these patients had higher baseline placental resistance. 
the same change in placental resistance may have pro- 
duced a larger change in systolic/diastolic ratio. 

Two previous studies have indicated that patients 
who have hypertension with peripheral vasoconstric- 
tion have increased rates of low birth weight compared 
with those with normal vascular resistance. Hon et al.* 
used a pulse-pressure monitor in 30 women with hy- 
pertension during a “sit-stand-sit” sequence and found 
that those with narrow pulse pressures, indicating va- 
soconstriction, had small-for-gestational-age babies and 
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Fig. 1, Comparison of umbilical systolic/diastolic ratio (S/D) by position in normal patients and in 
patients with high and normal total-peripheral-resistance hypertension. Bars, Standard deviation. 


3.07 
25 i 
© 2.0 
[> 
D 
© 1.5 
5 1.0 ; 
Q z . 
B05 . . : 
€ Ae ie 6 eo e 
Q e? ° r 
©) ° e * 
§ 0.0 s .° 
È : l 
-0.5 . _ . r=0.61 
P=.0001 
-4.0 


‘400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 
Total Peripheral Resistance (dyne*sececm-5) 
Fig. 2. Correlation of baseline (left lateral recumbent) total peripheral resistance with change in 


umbilical systolic/diastolic ratio (S/D) resulting from orthostasis. Change in systolic/diastolic ratio 
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earlier deliveries compared with those with wide pulse 
pressure. Easterling et al.* used noninvasive Doppler 
technology and found a similar association between 
growth retardation, preterm delivery, and high mater- 
nal peripheral resistance. 

The effect of maternal pharmacologic hemodynamic 
manipulation on the umbilical pulsatility index (a mea- 
sure similar to systolic/diastolic ratio) has recently been 
reported. Although most fetuses showed no change in 
pulsatility index after maternal drug treatment, some 
demonstrated an increase after administration of the 
a- and f-adrenergic blocker labetalol and others 
showed a decrease after the vasodilator hydralazine was 
given.” Those fetuses showing change in pulsatility in- 
dex after drug therapy had a high index to start with. 
It is possible that these fetuses may be analogous to 
those in our study with high systolic/ diastolic ratios and 
high maternal vascular resistance. These fetuses might 
be particularly susceptible to a further decrease in ma- 
ternal cardiac output from medication or postural 
change and may benefit from vasodilation. 

Postural changes in maternal hemodynamics have 
been previously reported in normal patients,” and our 
findings were similar. We were unable to detect a dif- 
ferential drop in cardiac output or rise in peripheral 
resistance among patients with high-resistance hyper- 
tension, patients with normal-resistance hypertension, 
and controls, perhaps because of inadequate power of 
our study. Small but potentially important differences 
would not have been detected. We did find that blood 
pressure was unchanged in patients with high-resis- 
tance hypertension compared with a slight postural rise 
in patients with normotension; this difference was sta- 
tistically significant. A possible explanation is that pa- 
tients with high-resistance hypertension may have low 
plasma volume that is insufficient to allow further in- 
crease in blood pressure with orthostatic stress. 

Umbilical systolic/diastolic ratio depends on gesta- 
tional age, which was considered as a possible source 
of error in our data. Gestational age among groups was 
compared and was not significantly different. In ad- 
dition, change in systolic/diastolic ratio with position 
change was analyzed and reported to eliminate possible 
effects of gestational age. 


Bed rest has long been a standard and often suc- 


cessful therapy for hypertension tn pregnancy. Im- 
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provement in abnormal systolic/diastolic ratios after 
bed rest has been shown.’? The increased systolic/d:- 
astolic ratio with postural change in patients with hy- 
pertension in our study provides further support for 
the clinical practice of bed rest for fetal indications. In 
addition, we have shown that maternal hemodynamic 
measurements may aid in the management of hyper- 
tensive pregnancy; patients with increased total pe- 
ripheral resistance are at highest risk for abnormal fetal 
systolic/ diastolic ratios. 
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Transient hyperthyroidism and hyperemesis gravidarum: 


Clinical aspects 


T. Murphy Goodwin, MD, Martin Montoro, MD, and Jorge H. Mestman, MD 


Los Angeles, California 


OBJECTIVES: Our objectives were to describe the presentation and course of hyperemesis gravidarum 
with respect to thyroid function and to test the hypothesis that patients with biochemical hyperthyroidism 


differ in clinical presentation from euthyroid hyperemesis patients. 


STUDY DESIGN: Sixty-seven patients seen at Los Angeles County Women’s Hospital over a 10-month 
period with hyperemesis gravidarum were studied prospectively with respect to thyroid function. 
RESULTS: Forty-four patients (66%) had biochemical hyperthyroidism (increased free thyroxine index 

[n = 39] or suppressed thyroid-stimulating hormone {n = 40]) that was self-limited, resolving by 18 wesks’ 
gestation. Hyperthyroid patients were more likely than euthyroid patients to have abnormal electrolyte 
levels (23/39 [59%] vs 6/28 [21%] and increased liver enzyme levels (23/59 [59%] vs 528 [18%], 

p < 0.01). The severity of hyperemesis was found to vary directly with the degree of hyperthyroidism. 
CONCLUSIONS: Hyperthyroidism is a common, self-limited finding in hyperemesis. The cause of the 
hyperthyroidism may be linked to the cause of hyperemesis itself. (Am J Osster GyNecoL. 1992;167: 


648-52.) 


Key words: Hyperthyroidism, hyperemesis gravidarum, pregnancy, thyroid, vomiting 


Over the past 10 years no mcre than 70 patients with 
transient hyperthyroidism and hyperemesis gravida- 
rum have been described in several case reports’? and 
four series.*” (Two other groups, Lao et al.* and Chin 
and Lao,’ apparently described different aspects of the 
same group of patients reported on by Swaminathan 
et al’) In spite of the recognition of this association 
important questions regarding the presentation and 
management of hyperthyroidism and hyperemesis are 
unresolved. Incidence data differ widely (21% to 70%). 
Overlap with subclinical intrinsic thyroid disease has 
not been systematically ruled out. Antithyroid medi- 
cation has been advocated for a subset of hyperthy- 
roxinemic hyperemesis patients, although with scant 
justification.* * ° Little is known about the status of ul- 
trasensitive thyroid-stimulating hormone (TSH) in hy- 
peremesis patients, although this test is now used rou- 
tinely in the study of patients with thyroid disorders. 
Finally, although Mori et al." have shown a relationship 
between the severity of vomiting and the degree of 
thyroid stimulation in simple “morning sickness,” such 
a relationship has not been found among hyperemesis 
patients.* **° This may be due to the difficulty in ob- 
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jectively distinguishing grades of severity of vomiting. 
This association may be important in understanding 
the cause of hyperemesis. | 

A prospective study was undertaken to describe the 
clinical and biochemical presentation and natural his- 
tory of hyperemesis gravidarum with respect to thyroid 
function and to test the hypcthesis that patients with 
evidence of biochemical hyperthyroidism differ in clin- 
ical presentation from those without this finding. 


Material and methods 


Hyperemesis gravidarum was defined as persistent 
vomiting with large ketonuria on dipstick examination 


and >5% weight loss in women presenting at <16 


weeks’ gestation. All patients had onset of vomiting in 
the first trimester and no other cause for the vomiting. 
All patients were well before the onset of vomiting. 
Patients with a history of thyroid disease, abnormal 
results of thyroid examination or presence of thyroid 
antibodies, fever, evidence of other condition respon- 
sible for vomiting, or multiple gestation were excluded 
from this study. 

Patients with a preliminary diagnosis of hyperemesis 
gravidarum admitted to the emergency room holding 
area for intravenous hydration were interviewed at ran- 
dom and examined by a single physician (T.M.G.) to 
determine eligibility for the study. No patient was tak- 
ing proprietary antiemetic formulations at the time of 
initial evaluation. Pelvic ultrasonography was per- 
formed in each case to conhrm gestational age and a 
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normal-appearing singleton gestation. The following’ 


tests were performed at the time of admission: serum 
sodium, potassium, bicarbonate, blood urea nitrogen, 
aspartate aminotransferase, alanine aminotransferase, 
total bilirubin, and serum amylase. Total thyroxine, to- 
tal triiodothyronine, resin triiodothyronine uptake, and 
sensitive TSH (Tandem High Sensitivity, Hybritech, 
San Diego) were drawn after rehydration. Patients with 
abnormal electrolyte levels remained in hospital until 
those levels normalized. Patients with elevated free thy- 
roxine index or suppressed TSH were tested for an- 
timicrosomal antibodies, antithyroglobulin antibodies 
(Direct addition radioimmunoassay kit, Kronus, Dana 
Point, Calif.), and TSH receptor antibodies (competi- 
tive binding kit, Kronus). These patients were evalu- 
ated serially with thyroid function studies. Patients with 
elevated aminotransferase levels were studied for hep- 
atitis B surface antigen, anti—hepatitis A immunoglob- 
ulin M, and hepatitis B core antibody immunoglobulin 
M. All patients with abnormal results of thyroid or liver 
studies were given follow-up appointments in the high- 
risk obstetrics clinic within 2 weeks. l 

Comparisons between groups were analyzed with the 
Student é test or Mann-Whitney U test for nonnormal 
distributions. For analysis of the relation among groups 
according to the severity of vomiting and the degree 
of thyroid stimulation, one-way analysis of variance was 
used. The study was approved by the Institutional re- 
view board of the University of Southern California. 
Unless otherwise stated, all laboratory data refer to the 
date of initial presentation. 


Results 


In the 10-month period during 1989 and 1990, 92 
patients were examined. Seventy-four were found to 
satisfy the study criteria, and 67 had data collection 
suitable for analysis. Of the original 92 patients, two 
were excluded for evidence of thyroid illness (Grave's 
disease, primary hypothyroidism), two had multiple 
gestation, and 15 had evidence of other acute illness. 
One patient was excluded because of the presence of 
antimicrosomal antibodies. Three patients refused to 
have the required blood drawn, and specimens were 
misplaced in two cases. 

Table I shows the characteristics of the population. 
Hyperthyroid hyperemesis patients did not differ from 
others with respect to gestational age at presentation, 
parity, number of days of vomiting, or amount of 
weight loss. Table II shows the spectrum of biochemical 
abnormalities in patients with hyperemesis at initial 
presentation. Of the 39 patients with elevated free thy- 
roxine index at initial presentation, two had elective 
abortions in the first trimester and five were lost to 
follow-up. Thirty-two patients underwent follow-up to 
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Table I. Population characteristics (n = 67) 


Age (yr) 

Mean + SD 24.0 + 5.0 

Range 16-37 
Estimated gestational age (wk) 

Mean + SD 9.7 £2.2 

Range 6-15.9 
Height (in) 

Mean + SD 61.6 + 3.0 

Range 55-70 
Weight (lb) 

Mean + SD 116.9 + 22.0 

Range 82-192 
Prepregnancy weight by patient 

history (Ib) 

Mean + SD 127.7 + 22.2 

Range 96-202 
Race (No. and %) 

Hispanic 63 (94%) 

Asian 1 (2%) 

Black 3 (4%) 
Parity (No. and %) 

Q 39 (58%) 

l i 9 (13%) 

2 8 (12%) 

>2 11 (17%) 


normalization of the free thyroxine index over a period 
of 1 to 10 weeks. No patient had physical findings spe- 
cific for thyrotoxicosis (goiter, tremor, lid lag, proximal 
muscle weakness). None received antithyroid medica- 
tion. All patients for whom follow-up was available had 
documentation of normal free thyroxine index by 18 
weeks’ gestation. In no case did evidence of hyperthy- 
roidism persist after resolution of vomiting, although 
seven patients had continued vomiting for 2 to 14 weeks 
after normalization of thyroid studies. 

Of 28 patients with elevated aminotransferase levels, 
two had elective abortions and seven were lost to follow- 
up. Nineteen underwent follow-up to resolution over 
2 to 9 weeks. None had serologic evidence of active 
viral hepatits. Six patients had a mildly elevated amylase 
level but no other signs or symptoms of pancreatitis. 
The amylase level returned to normal within one week 
in five of six cases, and the clinical course of these 
patients did not differ from other patients with hyper- 
emesis gravidarum. 

Hyperthyroid patients with hyperemesis had a 
higher mean arterial pressure (89 + 11 vs 81 + 10 
mm) and pulse (97+ 15 vs 82 + 9 beats/min, 
p< 0.01) but the difference resolved promptly with 
hydration in all but two patients. Those with biochem- 
ical evidence of hyperthyroidism were significantly 
more likely to exhibit biochemical abnormalities on ad- 
mission, as shown in Table III. Conversely, patients 
with more severe hyperemesis exhibited a greater de- 
gree of biochemical hyperthyroidism. This is shown in 
Fig. 1, where patients are grouped according to the 
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Table II. Biochemical abnormalities in hyperemesis gravidarum (n = 67). 


Thyroid 
Free thyroxine index 
> 13.2 
Free triiodothyronine in- 
dex >225 
TSH (pU/m}} 
Undetectable 
Suppressed 
Free thyroxine index >13.2 
or TSH <0.4 pU/inl 
Elecirolytes 
Sedium <135 mEq/L 
Potassium <3.2 mEq/L 
Chloride <99 mEq/L 
Bicarbonate >26 mEq/L 
Liver/gastrointestinal 
Aspartate aminotransferase 
or alanine aminotransferase 
>40 U/L 
Total bilirubin >1.0 mg/dl 
Amylase >150 U/dl 


89 


Range of values 


59 13.2-37.6 
9 225-350 
30 <0.04 
60 <0.4 
66 
28 125-134 
15 2.3-3.1 
24 80-98 
15 27-34 
42 41-324 
21 1.1-5.3 
g 151-391 


Table IH. Electrolyte and liver function abnormalities in patients with hyperemesis with and , 


without hyperthyroidism 


Sodium <135 mEq/L 
Potassium <3.2 mEq/L 
Chloride <99 mEq/L 
Bicarbonate >26 mEq/L 


TOTAL* 


Alanine aminotransferase or aspartate aminotransferase >40 U/L 


Total bilirubin >1.0 mg/dl 
Amylase >150 U/dl 


*Total number of patients with any electrolyte abnormality. 


severity of hyperemesis. Patients with hyperemesis who 
had normal electrolyte levels and liver function test 


results (n = 23) were classified as having mild hyper- 


emesis. Those with either abnormal electrolyte levels 
or abnormal liver function test results (n = 32) were 
classified as having moderate hyperemesis and those 
with both liver function abnormalities and electrolyte 
abnormalities that persisted after initial hydration, ne- 
cessitating hospitalization, were classified as severe. 
These groups did not differ significantly with respect 
to gestational age. 


Comment 


In this, the largest series of hyperemesis subjects 
studied prospectively with respect to thyroid function, 
we have attempted to clarify certain aspects of the clin- 
ical presentation and management in the syndrome of 


Free thyroxine 
index >13.2. 


Free thyroxine 
index <13.2 





(n = 39) in = 28) 
p Value 
13 33 4 14 0.16 
9 23 ji 4 <0.01 
j4 36 l 4 <0.0] 
8 21 2 7 0.13 
23 59 G 21 <0.01 
23 59 5 18 <0.01 
14 36 C 0 <0.01 
5 13 l 4 0.19 


transient hyperthyroidism of hyperemesis gravidarum. 
The 70% incidence of biochemical hyperthyroidism in 
our study is in agreement with the findings of Bouillon 
et al.* In other studies, where weight Joss was not a 
criterion for the diagnosis of hyperemesis,® ’ the inci- 
dence was considerably lower. Once the abnormal thy- 
roid studies have been obtained, the differential di- 
agnosis can be difficult. Patients with transient hyper- 
thyroidism of hyperemesis gravidarum will have no 
history consistent with thyroid illness before pregnancy. 
They lack findings suggestive of tissue thyrotoxicosis 
and thyroid antibodies. 

The sensitive TSH level was abnormal in 60% of our 
patients. In the only other report to consider ultrasen- 
sitive TSH in hyperemesis, Bober et al.” found widely 
discrepant results, depending on the type of kit used 
(80% concordance with free thyroxine vs 20%). We 
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found 85% concordance between an elevated free thy- 
roxine and suppressed TSH in subjects with hyper- 
emesis. 

Consistent with prior reports, patients with hyper- 
thyroid hyperemesis were found to lack specific signs 
of thyrotoxicosis. This has been attributed by some to 
the relatively low triiodothyronine reported in this con- 
dition. We have confirmed that the free truodothyro- 
nine index is less commonly elevated in hyperemesis 
than is the free thyroxine index. Nevertheless, the 
mean free truodothyronine index was higher than that 
seen in the sick euthyroid syndrome and highest among 
those patients most severely affected (Fig. 1). This 
would suggest either that peripheral conversion to tri- 
1odothyronine is spared or that the thyroid is being 
stimulated directly. 

The time course to resolution of hyperthyroidism 
among our patients (1 to 10 weeks) agrees with what 
has been reported for the majority of those described 
in the literature. In contrast, however, where 15% to 
25% of patients in other series* * * had persistence of 
hyperthyroidism past midgestation or were otherwise 
thought to require specific antithyroid therapy, none 
of 32 patients with follow-up until resolution of hy- 
perthyroidism in the current study required such treat- 
ment. It is possible that the subset of patients with per- 
sistent biochemical hyperthyroidism in other reports 
had other underlying thyroid disease that would have 
been excluded by the methods of the current study. 

That thyroid function may vary with the severity of 
vomiting has been debated in the literature. Evans et 
al. observed no relation between thyroid function and 
the severity of vomiting in 342 pregnant women. In 
contrast, Mori et al.'° found greater evidence of thyroid 
stimulation (lower TSH, increased free thyroxine) 
among those patients with more severe “morning sick- 
ness.” Neither author studied patients with hyper- 
emesis. Among patients with hyperemesis, no relation- 
ship between the degree of hyperthyroidism and the 
severity of vomiting has been previously described.** 
We have identified a significant association between the 
degree of thyroid stimulation and the severity of vom- 
iting, as indicated principally by disturbances in serum 
electrolyte levels and liver function test results. Elec- 
trolyte alterations may acutely reflect the volume of 
emesis whereas alterations in liver status are thought 
to reflect the more chronic process of starvation-in- 
duced hepatic injury. The latter changes have been 
associated with more severe hyperemesis.” Hyperthy- 
roid hyperemesis patients were more likely to have ab- 
normalities in electrolyte levels and liver status test re- 
sults, and conversely, those patients with most severe 
aberrations in these parameters demonstrated the 
greatest degree of biochemical hyperthyroidism. _ 

In view of the latter association, it may well be asked 
whether hyperthyroidism is a cause of the vomiting and 
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Fig. 1. Hormone levels are stratified by severity of vomiting 
(mean + SEM). Mid, Normal electrolyte, alanine aminotrans- 
ferase, and aspartate aminotransferase levels; moderate, ab- 
normal electrolyte, alanine aminotransferase, or aspartate 
aminotransferase levels; severe, abnormal! electrolyte levels and 
abnormal aspartate aminotransferase or alanine aminotrans- 
ferase levels plus admission >24 hours for persistent electro- 
lyte abnormalities. FT4/, Free thyroxine index; FT37, free tri- 
iodothyronine index; asterisk, each of three groups differed 
from others with respect to free thyroxine index, free tri- 
iodothyronine index, and TSH (p < 0.05). 


whether the course of hyperthyroid heperemesis might 
be ameliorated by antithyroid therapy. There are sev- 
eral problems with this proposition. Although patients 
with overt hyperthyroidism may be first seen for vom- 
iting,’ it is distinctly uncommon. Most patients with 
vomiting in pregnancy have normal thyroid function,”° 
and even in those with evidence of elevated thyroid 
function tests vomiting can persist after resolution of 
the biochemical hyperthyroidism. In addition, overtly 
hypothyroid patients who become pregnant may, in our 
experience, present with severe vomiting. Therefore 
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treatment with antithyroid medication would not seem 
justified. 

The converse, that vomiting itself might induce the 
thyroid stimulation, would serve to-explain the asso- 
ciation between severity of vomiting and degree of bio- 
chemical hvperthyroidism, but evidence for such an 
effect of vomiting is lacking. In fact, we have found no 
evidence of biochemical hyperthyroidism among 10 
first-trimester pregnant women with severe vomiting 
not caused by hyperemesis. Thus it seems likely that 
that the source of the hyperthyroidism is closely linked 
to the cause of the vomiting but is not causative in 
and of itself. It is possible that human chorionic go- 
nadotropin, acting through distinct mechanisms, plays 
a role in the causation of both hyperthyroidism and 
hyperemesis. 
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Microbial etiology of urban emergency department acute 


salpingitis: Treatment with ofloxacin 


David E. Soper, MD, Nancy J. Brockwell, RNC, and Harry P. Dalton, PhD 


Richmond, Virginia 


OBJECTIVES: We attempted to define the microbiologic characteristics of acute salpingitis in women 
presenting to an urban emergency department with pelvic inflammatory disease and to determine the 


effectiveness of ofloxacin in treating this disease. 


STUDY DESIGN: Women with pelvic inflammatory disease underwent laparoscopy to confirm the 
diagnosis and to culture the fallopian tubes and cul-de-sac. All patients (n = 36) were treated with 
parenteral ofloxacin and discharged on a regimen of orai ofloxacin to complete a 10- to 14-day course. 
RESULTS: Neisseria gonorrhoeae was isolated from at least one site in 25 patients (69.4%) including the 
fallopian tube or cul-de-sac in 12 of them. Chlamydia trachomatis was isolated from the encocervix and/or 
endometrium in 6 patients (16.7%); concomitant Neisseria gonorrhoeae was present in 4 patients (66.6%). 
A polymicrobial infection was identified in only one patient. All patients responded <o antibiotic therapy with 


ofloxacin. 


CONCLUSIONS: Acute salpingitis in our urban emergency department population is. related primarily to 
upper genital tract infection with Neisseria gonorrhoeae. Ofloxacin is effective therapy for this disease. (Am 


J OBstet GYNECOL 1992;167:653-60.) 


Key words: Pelvic inflammatory disease, Neisseria gonorrhoeae, ofloxacin 


In North America the microbial etiology of pelvic 
inflammatory disease has been defined by the use of 
endocervical cultures for the sexually transmitted mi- 
croorganisms Neisseria gonorrhoeae and Chlamydia tra- 
chomatis. Studies that use culdocentesis specimens in 
hospitalized patients with the clinical diagnosis of pelvic 
inflammatory disease suggest that as many as 80% of 
cases are associated with mixed infections of both aero- 
bic and anaerobic microorganisms.'* Subsequent re- 
ports in which only laparoscopically obtained isolates 
were used and the use of culdocentesis was restricted 
have confirmed a polymicrobial etiology in only 30% 
to 40% of cases.’ N. gonorrhoeae remains the single most 
frequent pathogen recovered. Studies done in Scan- 
dinavian countries reflect a different bacterial patho- 
genesis in that C. trachomatis is the most frequently re- 
covered pathogen with anaerobic bacteria being con- 
spicuously absent.® 

Two antibiotics, a B-lactam and doxycycline, are rec- 
ommended for the outpatient treatment of pelvic in- 
flammatory disease.° The rationale for this recommen- 
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dation is the knowledge that N. gonorrhoeae and C. tra- 
chomatis are the predcminant pathogens associated with 
pelvic inflammatory disease. In some cases, however, 
anaerobic microorganisms have been isolated from the 
fallopian tubes of women with salpingitis. Whereas the 
inpatient regimens of cefoxitin and doxycycline or clin- 
damycin and gentamicin provide coverage for anaer- 
obic flora associated with pelvic inflammatory disease, 
the outpatient regimens, containing a single dose of a 
B-lactam antibiotic followed by 10 days of doxycycline, 
provide little if any coverage for serious anaerobic soft 
tissue infections. 

The fluoroquinolones represent a potent new group 
of orally absorbed antibiotics with activity against many 
sexually transmitted bacterial pathogens and most 
aerobic microorganisms. Their effectiveness against an- 
aerobic bacteria is not good. An open-labeled trial of 
ofloxacin for the therapy of laparoscopically verified 
salpingitis provided an opportunity for us to define the 
microbiologic characteristics of acute salpingitis in an 
urban emergency department population with the clin- 
ical findings of pelvic inflammatory disease. We were 
particularly interested in defining the role of anaerobic 
bacteria in the pathogenesis of pelvic inflammatory dis- 
ease because confirmation of a prominent role of an- 
aerobes should prompt a change in the recommenda- 
tions for the outpatient treatment of pelvic inflamma- 
tory disease. Moreover, fluoroquinclone therapy would 
not be expected to be effective in treating a predomi- 
nantly anaerobic soft tissue infection. 

Previous treatment trials for pelvic inflammatory dis- 
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ease have been criticized for a lack of uniform criteria 
in monitoring clinical success, as well as failure to pro- 
vide follow-up. with either laparoscopy or hysterosal- 
pingography.'* We attempted to overcome these limi- 
tations with our study design. 


Methods 


Patients =1& years old, with the clinical diagnosis of 
pelvic inflammatory disease who were examined in the 


Medical College of Virginia Hospital’s emergency de- 


. partment were eligible for the study. Minimum criteria 
for the clinical diagnosis of pelvic inflammatory disease 
included lower abdominal pain, bilateral adnexal ten- 
derness on bimanual pelvic examination, and signs of 
a lower genital tract infection (cervical mucopus 
and/or leukorrhea).'! Cervical mucopus was defined as 
green or yellow endocervical exudate when visualized 
on a white cotton swab and/or 230 neutrophils per 
x 1000 (oil immersion) microscopic field of Gram’s 
stained cervical mucus. Leukorrhea was defined as >1 
neutrophil per epithelial cell in at léast four fields of a 
wet mount of the vaginal secretions that were micro- 
scopically inspected at x 400 magnification. Other signs 
of pelvic inflammatory disease such as temperature 


>38° C and leukocytosis were considered in the Jiag- 


nostic workup of these patients but were not necessarily 
present for enrollment in the study. Resident physicians 
referred the patients with a clinical diagnosis of pelvic 
inflammatory disease to one o? the authors (D.E.S.) for 
enrollment into the study. These patients tended to be 
more acutely ill and were believed to require hospital- 
ization. No patients from outpatient clinics were in- 
cluded in this study. Patients with a history of antibiotic 
use within 2 weeks of study entry were excluded, Writ- 
ten informed consent was obtained from all sukjects, 
and the conduct of this clinical research followed ‘pro- 
.tocols approved by the Committee on the Conduct of 
Human Research at the Medical College of Virginia. 
All patients included in the study underwent diag- 
nostic laparoscopy to confirm the diagnosis of acute 
salpingitis, to assess severity of the disease, and to cbtain 
reliable tubal and cul-de-sac cultures. Minimum visual 
criteria for the confirmation of acute salpingitis in- 
cluded tubal erythema, tubal edema, and a purulent 
exudate on the tube, from the tubal ostta, and/or in. 
the cul-de-sac.” Severity of disease was graded accord- 
ing to the criteria of Westrom and Mardh."' In patients 
with tubes that appeared to be patent and freely mobile 
a grade of “mild” was assigned. In patients with tubes 
that were not freely mobile with or without adkerent 
fimbriae the grade was “moderate.” In patients with 
pelvic organs adherent to each other with or without 
the presence of a pyosalpinx or tuboovarian abscess a 
grade.of “severe” was given. Manipulations of the ad- 
nexae were kept to a minimum, and no active lrsis of 
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adhesions was performed, although structures simply 


, agglutinated to each other were separated by blunt dis- 


section. Patients were excluded from the study if they 
were postmenopausal, had undergone a bilateral tubal 
ligation, had received any antibiotic within 14 days, had 
an allergy to any members of the quinolone class of 


antimicrobials, or had a positive serum pregnancy test 


result. 

When first evaluated in the emergency department, 
all patients had an endocervical culture for N. gonor- 
rhoeae performed with Martin-Lewis Transgrow media 
(Becton Dickinson, Cockeysville, Md.). An endocervical 
specimen was also obtained for chlamydia antigen de- 
tection (Chlamydiazyme, Abbott Laboratories, Chi- 
cago). Additional cultures obtained after the induction 
of general anesthesia included endocervical cultures for 
N. gonorrhoeae and C. trachomatis. A cotton swab was 
inserted into the endocervical canal and directly plated 
on Thayer-Martin agar. A Dacron swab was inserted 
into the endocervical canal and agitated to obtain en- 
docervical cells, which were extracted into 2-sucrose- 
phosphate-glutamate transport media for chlamydia 
culture. The cervix was cleansed with povidone-iodine 
solution, and a protected, double-lumen uterine sam- 
pling device (Medi-tech, Watertown, Mass.) was intro- 
duced into the endometrial cavity. The brush from this 
device was then applied directly to Thayer-Martin agar 
and finally cut off into 2-sucrose-phosphate-glutamate 


transport media for chlamydia culture. 


The skin of the patient was prepared with povidone- 
iodine, and drapes were placed in the usual manner 
for diagnostic laparoscopy. The brush from another 
uterine sampling device was threaded through a Nord- 
wall needle in a secondary puncture site and used to 
abrade the fimbria of one or both fallopian tubes. This 
brush was also directly applied to Thayer-Martin agar 
and finally cut off into 2-sucrose-phosphate-glutamate 
transport media for chlamydia culture. Occluded, di- 
lated fallopian tubes with ne identifiable fimbria were 
aspirated. This aspirate was cultured for aerobic and 
anaerobic microorganisms and C. trachomatis. Purulent 
material in the cul-de-sac was then aspirated and di- 
rectly plated on Thayer-Martin agar, chocolate agar, 
and blood agar for the isolation of aerobic microor- 
ganisms. An aliquot was also placed into Mycotrim-GU 
(Hana Biologics, Inc., Alameda, Calif.) triphasic culture 
system for the detection of Mycoplasma hominis and Urea- 
plasma urealyicum. Aerobic plates and the mycoplasma 
culture were incubated at 35° C in a 5% carbon dioxide 
atmosphere. A portion of the aspirate was also injected 
into a prereduced chopped meat broth (Becton Dick- 
inson) for transport and incculation of anaerobic me- 
dia. Aliquots of the broth were plated on prereduced 
blood agar, chocolate agar, and KV agar and, along 
with the broth, were incubated in an anaerobic atmo- 
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sphere at 35° C. All organisms were identified with 
standard methods as previously outlined.’ Specimens 
for chlamydia culture were sent to the laboratory on 
ice and were frozen (at — 70° C) until thawed for pro- 
cessing. They were centrifuged onto diethylaminoethy] 
dextran—treated McCoy cells in 3.7 ml vials. Cyclo- 
heximide was added and the cell layers were incubated 
at 37° C for 48 hours. Growth of C. trachomatis was 
detected with fluorescein-labeled monoclonal antibody 
(MicroTrak, Syva, Palo Alto, Calif.). All negative spec- 
imens were passed at least once. 

When the diagnosis of acute salpingitis was con- 
firmed and cultures were obtained, antimicrobial ther- 
apy was begun with ofloxacin, 400 mg intravenously 
every 12 hours. The patient received a minimum of six 
parenteral doses over three hospital days before being 
placed on an oral! regimen of ofloxacin, 400 mg twice 
daily, to complete a 10- to 14-day course of therapy. 

Clinical severity of disease and subsequent response 
to antibiotic therapy were determined with a modifi- 
cation of the severity score method of McCormack et 
al.“ A numeric score (absent = 0, mild = 1, moder- 
ate = 2, severe = 3. is allocated to each of four signs: 
lower abdominal direct tenderness, adnexal tender- 
ness, cervical motion tenderness, and rebound tender- 
ness. The clinical severity score reflects the sum of these 
scores (maximum score = ]2). Patients were required 
to meet the following criteria to be considered as having 
a clinical cure: (1) lysis of fever (37.5° C for >24 
hours), (2) total disappearance of rebound tenderness, 


(3) normalization of the white blood cell count. 


(=10,000/mm’%), and (4) at least 75% reduction of the 
severity score. A fever index was calculated as the area 
under the curve of a line joining temperature obser- 
vations above 37.2° C with the results expressed as de- 
gree hours. 

After a therapeutic response was achieved, patients 
were discharged from the hospital on a regimen of 
oflaxacin, 400 mg orally twice daily, to complete 10 to 
14 days of therapy. They were reevaluated 4 to 7 days 
after the completion of antimicrobial therapy. This 
evaluation included a patient interview, pelvic exami- 
nation with determination of the clinical severity score, 
and cultures of the endocervix and rectum for N. gon- 
orrhoeae and the endocervix for C. trachomatis. They 
were then scheduled for a second-look diagnostic la- 
parascopy to confirm resolution of the acute inflam- 
matory process and microbiologic cure of the upper 
genital tract. This second-look laparoscopy was per- 
formed between 3 and 5 weeks after completion of 
therapy. The pelvic structures were assessed for the 
development of adhesions and tubal occlusion as se- 
quelae of salpingitis. Pelvic adhesions were classified as 
mild when only thin, narrow, and easily broken peri- 
tubal or periovarian adhesions were seen, as moderate 
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Table I. Demographic characteristics of 
women with salpingitis evaluated in urban 
emergency department (n = 36) 





Age (yr) 24.7 + 5.7 
Race 

Black 35 (97.2%) 

White 1 (2.8%) 
Gravidity sy ae mae Fea 
Parity 1.0 + 0.8 
Nulliparous 9 (25.0%) 
Single marital status 30 (83.3%) 
History of gonorrhea 17 (47.2%) 
History of pelvic inflammatory disease 6 (16.7%) 
Contraception 

None 31 (86.1%) 

Condoms 3 (8.3%) 

Oral contraceptive 2 (5.6%) 


Data are number and percent or mean + SD. 


when adhesions limited to the tubes or ovaries were 
thick and vascularized. or when thin adhesions were 
widespread; and as severe when thick adhesions were 
widespread.'* Chromotubation was performed in all 
cases to assess tubal patency. 

All subjects were quesuoned regarding possible ad- 
verse experiences during the course of the study. Drug 
safety was also assessed by laboratory tests including 
liver and renal function tests performed before and 
after therapy. 

Statistics. Categoric variables were compared with 
the x? test or Fisher’s exact test. Continuous variables 
were compared with either a Wilcoxon rank-sum test 
ora Kruskal-Wallis test where appropriate. The p values 
were based on two-tailed tests and were considered sig- 
nificant if p = 0.05. 


Results 


Thirty-nine women were studied and 37 had visually 
confirmed acute salpingitis. In one patient the pelvic 
organs were visually normal and one patient had a he- 
moperitoneum. One patient with visually confirmed 
acute salpingitis was excluded from the study because 
of a positive serum pregnancy test result, leaving 36 
patients with confirmed acute salpingitis eligible for the 
study. 

Clinical and laboratory correlates. All patients in 
this study were admitted through the emergency rooms 
at the Medical College of Virginia Hospitals. The de- 
mography of the study population is given in Table I. 
It is a predominantly low-socioeconomic, urban, black 
population. It is important to note that no patients used 
the intrauterine contraceptive device for contraception. 
Moreover, no patient had undergone intrauterine in- 
strumentation associated with endometrial biopsy, hys- 
terosalpingography, or elective abortion within the pre- 
ceding 6 weeks. No patients had undergone culdocen- 
tesis before the index laparoscopy. 
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Table H. Admission character:stics of women 
with salpingitis evaluated in urban emergency 
department (n = 36) 





Temperature (° C) 
Mean + SD 
No, >38° C 
White blood cell count (No./mm}*) 
Mean = SD 
Count >10,000/mm*? 


37.9 + 0.9 
14 (38.8%) 


12,900 + 5,300 
25 (69.4%) 


Onset of pain =14 days from menses 25 (69.4%) 
Duration of symptoms (hr) 
<24 8 (22.2%) 
24-48 14 (38.9%) 
48-72 5 (13.9%) 
>72 9 (25%) 
Clinical severity score 
Mean + SD 10.2 + 1.6 
Range l 6-12 
Laparoscopic grade 
Mild 15 (41.7%) 
Moderate 11 (30.5%) 
Severe 10 (27.8%) 


Data are number and percent or mean + SD. 


Admission characteristics are summarized in Table 
II. More than two thirds of the patients were admitted 
with a temperature >38° C and/or an elevated white 
blood cell count (>10,000/mm7’). Taking into consid- 
eration the fact that the highest possible severity score 
is 12, the mean severity score at admission was 
10.2 + 1.6, indicating that most patients had promi- 
nent physical findings. 

Increasing laparoscopic grade was associated with a 
longer duration of symptoms, a significantly longer pe- 
riod of hospital duration, a higher fever index, and the 
presence of perihepatic adhesions (Fitz-Hugh—Curtis 
syndrome). However, the clinical severity score at ad- 
mission, which is an indication of the severity of clinical 
disease, did not correlate with the laparoscopic grade 
of disease. In fact, the admission severity score was 
slightly lower in those patients with a more advanced 
grade of salpingitis. Isolation of N. gonorrhoeae from the 
endocervix or the cul-de-sac and a history of either 
endocervical gonococcal infection or pelvic inflamma- 
tory disease failed to correlate with the grade of sal- 
pingitis. These results are summarized in Table HI. 

Microbiologic findings. Tne following microorgan- 
isms were isolated from the 36 women with acute sal- 
pingitis: endocervical N. gonorrhoeae, 21 (58.3%); en- 
decervical C. trachomatis, 2 (5.5%); and both organisms, 
4 (11.1%). Other microorganisms were isolated from 
the cul-de-sac in three patients (8.3%) (Haemophilus in- 
fluenzae, 1; Ureaplasma urealoticum, 1; and the combi- 
nation of Streptococcus bovis and Clostridium sordellit, 1). 
Of the six patients with C. trachomatis endocervical in- 
fection, two had chlamydia detected by culture only, 3 
had positive Chlamydiazyme test results only, and one 
had positive results of both culture and Chlamydiazyme 
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test result. In seven patients (19.4%) no pathogen was 
isolated. Of the 25 patients with endocervical N. gon- 
orrhoeae infection, 14 (56%) had the microorganism re- 
covered from the endometrium and 12 (48%) had the 
microorganism recovered from the cul-de-sac. Fallo- 
pian tube brush specimens were positive for N. gonor- 
rhoeae in seven cases, all of which had positive N. gon- 
orrhoeae cultures of the cul-de-sac. Of the six patients 
with cervical C. trachomatis inzection, two (33.3%) had 
the microorganism recovered from the endometrium, 
but none of the patients had positive chlamydia cultures 
from the fallopian tube. The patient with U. urealyticum 
isolated from the cul-de-sac also had N. gonorrhoeae iso- 
lated from the cervix and a positive Chlamydiazyme 
test result. The patient with the pure culture of 
H. influenzae had bilateral pyosalpinges. The patient 
with the combination of S. bovis and C. sordelli isolated 
from the cul-de-sac was subsequently found to have 
Crohn’s disease and underwent partial small bowel re- 
section approximately 3 weeks after the index laparos- 
copy. Staphylococcus epidermidis and Propionibacterium 
acnes were each found in ccnjunction with N. gonor- 
rhoeae in the cul-de-sac in two cases. These microor- 
ganisms were believed to represent laboratory contam- 
inants. 

Two groups, stratified by isolation of N. gonorrhoeae 
from the endocervix, were analyzed on the basis of 
selected variables (Table IV). There was no significant 
difference between the two groups regarding duration 
of symptoms, a history of erdocervical gonococcal in- 
fection, a history of pelvic inflammatory disease, or du- 
ration of hospitalization. Patients with gonococcal pelvic 
inflammatory disease had a significantly higher fever 
index. The mean number of days from the first day of 
the last menstrual period to the day of index laparos- 
copy was significantly shorter in patients with gono- 
coccal salpingitis. However, patients with an interval of 
=7 days were just as likely as patients with an interval 
of >7 days to have positive cultures from the endo- 
cervix (10/13 vs 15/23, p = 0.71) and cul-de-sac (5/13 
vs 7/23, p = 0.72) for N. gonorrhoeae. In addition, 
N. gonorrhoeae was isolated with similar frequency from 
the cul-de-sac of patients with a positive endocervical 
culture and an interval from. the last menstrual period 
to the index laparoscopy of =7 days when compared 
with patients having an interval of >7 days (5/9 [55.6%] 
vs 7/16 [43.7%], p = 0.69). Duration of symptoms was 
not related to the tsolation of N. gonorrhoeae from either 
the endocervix or the cul-de-sac. 

Eighteen of the 25 isolates of N. gonorrhoeae had their 
susceptibility to ofloxacin determined. Thirteen of 18 
isolates were susceptible at the minimum inhibitory 
concentration of 0.1 ug/ml and five isolates were sus- 
ceptible at a minimum inhibitory concentration of 
=1.0. One isolate was B-lactamase positive and sensitive 
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Table III. Correlation of clinical characteristics with laparoscopic grade of salpingitis 


Mild 
Characteristic (n = 15) 

Symptom duration (days) ie aca oe 
Hospital duration (days) 4.6 + 0.7 
Fever index (C, ° hr) 12.8 + 10.6 
Perihepatic adhesions 1 (6.7%) 
Clinical severity score 10.4 + 1.7 
History of gonorrhea 7 (46.7%) 
History of pelvic inflammatory disease 2 (13.3%) 
N. gonorrhoeae isolated 

Endocervix 10 (66.7%) 

Cul-de-sac 3 (20.0%) 


Data are number and percent or mean + SD. 


to ofloxacin at =0.1 pg/ml. Susceptibilities of the three 
chlamydia isolates were 0.05, 0.5, and 1.0 ug/ml, re- 
spectively. The isolates of S. bovis and H. influenzae were 
sensitive to ofloxacin with minimum inhibitory concen- 
trations of 0.78 and 0.1 pg/ml, respectively. The an- 
aerobic isolate, C. sordellai, was resistant. 

Follow-up. All 36 patients met the clinical criteria for 
cure and were discharged from the hospital on a reg- 
imen of oral ofloxacin. Thirty-four of the 36 patients 
(94.4%) returned for follow-up 4 to 7 days after com- 
pleting oral therapy. Cultures of the endocervix and 
rectum were negative for N. gonorrhoeae in all 34 pa- 
tients. A single patient had a positive endocervical cul- 
ture for C. trachomatis. This patient had a negative cul- 
ture for C. trachomatis and a negative Chlamydiazyme 
test result on admission, and it was determined that she 
had recently had unprotected sexual intercourse. It was 
thought that this represented a new infection. How- 
ever, it is conceivable that her admission evaluation for 
chlamydia was falsely negative, and therefore she may 
reflect a failure of ofloxacin to eradicate chlamydia. 

Thirty patients (83.3%) underwent second-look la- 
paroscopy between 3 and 5 weeks after the completion 
of oral therapy. All cultures from the endocervix, en- 
dometrium, fallopian tubes, and cul-de-sac were neg- 
ative. There was no evidence of active inflammation in 
any case. Gram stains of peritoneal fluid in these cases 
failed to reveal polymorphonuclear leukocytes. As ex- 
pected, patients with mild disease had less evidence of 
the sequelae of tubal occlusion or peritubular adhesions 
when compared with those patients with moderate to 
severe disease (‘Table V). Adhesions noted at the index 
laparoscopy were inevitably present at the second-look 
examination, and fallopian tubes, that appeared patent 
at initial evaluation remained patent to chromotubation 
at the follow-up examination. 

Ofloxacin was well tolerated during this study. No 
patient discontinued the study because of side effects. 
Three patients complained of generalized pruritus, 
which resolved spontaneously without treatment or 
withdrawal of the drug, and four patients required 


Moderate Severe 
(n = 11) (n = 10) p Value 
3.0 + 1.9 4.9 + 3.9 0.04 
52+ 0.8 5.7 & 1.1 0.02 
26.5 + 25,7 43,1 + 29.9 0.02 
2 (18.2%) 7 (70.0%) 0.001 
10.5 + 1.2 9.2 + 1.7 0.21 
6 (54.5%) 4 (40.0%) 0.80 
1(9.1%) 3 (30.0%) 0.52 
8 (72.7%) 7 (70.0%) 0.95 
5 (45.5%) 4 (40.0%) 0.34 


therapy for vaginal candidiasis at their initial follow-up 
visits. Gastrointestinal side effects were not reported 
during the outpatient phase of the study with no patient 
complaining of nausea, vomiting, or diarrhea. In ad- 
dition, no abnormal laboratory values, such as liver or 
renal function test results, were noted as the result of 
therapy with ofloxacin. 


Comment 


Information concerning the epidemiologic charac- 
teristics of pelvic inflammatory disease has been 
obtained mainly from Scandinavian laparoscopic stud- 
ies. '© The etiology of the majority of cases of pelvic 
inflammatory disease in their homogeneous population 
with relatively mild clinical symptoms was C. tracho- 
matis Most affected women (>75%) were <25 years 
old and were nulliparous; approximately 50% had 
never been pregnant. The epidemiologic features of 
pelvic inflammatory disease in our patient population 
were quite different. ‘The mean age of our patient pop- 
ulation was almost 25 years, 25% were nulliparous, and 
16.7% had never been pregnant. The vast majority of 
these black women were of low socioeconomic class and 
did not use any form of contraception. These obser- 
vations, along with the knowledge that black men have 
a higher prevalence of gonorrhea, may explain the pre- 
dominance of gonococcal salpingitis in this study. 

The specificity of the clinical diagnosis of pelvic in- 
flammatory disease was high (95%) in our study. Our 
patients presented to the emergency department with 
typical symptoms and signs attributable to pelvic in- 
flammatory disease and had high clinical severity scores 
(Table IJ). In a similar study of patients presenting to 
an emergency department, Sweet et al.’ noted the spec- 
ificity of the clinical diagnosis of pelvic inflammatory 
disease to be 93% in patients with sufficient symptoms 
to require hospitalization. In studies enrolling patients 
from outpatient clinics and therefore patients with 
lower clinical severity scores, the specificity of the clin- 
ical diagnosis was lower (61% to 70%).°’ 

The laparoscopic grade of salpingitis was not related 
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Table IV. Microbiologic correlates of women 
with salpingitis evaluated in urban 
emergency department 


Gonococcal | Nongenococcal 
(n = 25) (n = 11) p Value 


Variable 


Symptom duration 3.3 + 2.9 21 2) 0.46 
(days) 
History of pelvic in- 2 (8.0%) 4 (36.4%) 0.10 


flammatory disease 


History of gonorrhea 13 (52.0%) 4 (36.4%) 0.39 


Last menstrual pe- 12.1 + 6.7 30.0 + 25.7 0.04 
riod to index lap- 
aroscopy (days) 

Hospital duration 5.0 + 0.9 5.2 + 1.0 0.68 


(days) 


Fever index (C, ° hr) 28.9 + 22.1 17.6 + 30.2 0.03 


Data are number and percent or mean + SD. 


to isolation of gonococci from the cervix or cul-de-sac 
(Table III). Laparoscopic findings suggested that in 
many cases the severity of disease was actually related 
to preexisting tubal adhesions and that the index lap- 
aroscopic findings were related to acute upper genital 
tract infection with N. gonorrhoeae superimposed on 
previous pelvic adhesive disease. The adhesions in 
these cases were obviously mature, appearing as thick- 
ened fibrous bands that were vascularized in some 
cases. In other cases the findings suggested that the 
patient’s index case of acute upper genital tract infec- 
tion had led to a severe grade of salpingitis. In these 
cases adhesions were more moist and there was side- 
to-side agglutination of the pelvic organs. 

Cultures of the upper genital tract from our patients 
failed to confirm a predominantly polymicrobial cause 
of pelvic inflammatory disease. In addition, uniform 
response to ofloxacin, an antibiotic with rather poor 
anaerobic coverage, further suggests that anaerobic 
bacteria did not play a major role in the pathogenesis 
of acute salpingitis in this patient population.” There 
are several explanations for the differences we noted 
in the microbiologic characteristics of acute salpingitis 
as compared with the three other North American lap- 
aroscopic studies.°’ First of all, none of our patients 
had undergone intrauterine instrumentation for intra- 
uterine contraceptive device’ insertion, hysterosalpin- 
gography, or elective abortion. These procedures could 
potentially seed the endometrial cavity with resident 
vaginal and endocervical Hora and be responsible for 
the previously reported pclymicrobial etiology of pelvic 
inflammatory disease. Further study of the bacterial 
pathogenesis of pelvic inflammatory disease in this sub- 
set of patients is needed. 

No preoperative culdocentesis was performed for di- 


agnosis or culture before laparoscopy and cul-de-sac. 


sampling. Recent data gathered by our group con- 
firmed observations originally described by Sweet et 
al., suggesting that culdocentesis may contaminate the 
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Table V. Fallopian tube patency and adhesions 
noted at second-look laparoscopy and 
correlated with grade of salpingitis at 

index laparoscopy 





Grade of salpingitis al 









index laparoscopy 
Mild | Moderate| Severe 
Second-look laparoscopy | (n = 14)| (n = 8) |(n = 9)| Value” 
Both fallopian tubes 14 2 0 <0.001 
patent 
One fallopian tube 0 6 3 <0.001 
occluded 
Both fallopian tubes 0 0 6 <0.001 
occluded 
Peritubular adhesions 
Mild 2 l 0 0.50 
Moderate ji 3 0 0.05 
Severe 0 3 9 <0.001 


*y? Analysis. - 


cul-de-sac and yield false-positive cul-de-sac cultures 
for aerobes and anaerobes. 

Our index laparoscopies may have been performed 
at a time before the occurrence of a superinfection with 
resident vaginal flora, which have been isolated from 
the upper genital tract late in the course of severe pelvic 
inflammatory disease in other studies. In spite of an- 
aerobes being common isolates in patients with tubo- 
ovarian abscesses, no anaerobes were isolated in the 10 
patients in our study with laparoscopically graded se- 
vere disease. In fact, 40% of severe cases of salpingitis 
had positive cultures for N. gonorrhoeae from the cul- 
de-sac. In our study population many cases of severe 
salpingitis may reflect reiniection of previously abnor- 
mal fallopian tubes by N. gonorrhoeae as opposed to a 
continuing process leading to severe tubal damage and 
pelvic adhesions all in one interval. In our single case 
of polymicrobial infection with S. bovis and C. sordelli, 
the source would appear to be the bowel because the 
patient was subsequently found to have Crohn’s 
disease. 

The incidence of chlamydia-associated salpingitis in 
this study was 16.7%. However, in no case was C. tra- 
chomatis isolated from the fallopian tube. When chla- 
mydia was isolated from the upper genital tract (en- 
dometrium in two cases), N. gonorrhoeae was also pres- 
ent, and in one case it was the sole isolate found in the 
tube and cul-de-sac. These data, along with results pub- 
lished from laparoscopic studies performed in North 
America, suggest that chlamydia is not uncommonly 
isolated from the lower genital tract in patients with 
pelvic inflammatory disezse but is rarely cultured from 
the fallopian tubes.® 7 

The admission of acutely ill patients into our protocol 
and the lack of oral contraceptive use may be expected 
to decrease the incidence with which we would observe 


mee 
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a TE T salpingitis. In addition, use of 
chlamydia cultures may have decreased the sensitivity 
with which the microorganism was identified in the 
upper genital tract. Direct fluorescent antibody staining 
of upper genital tract specimens may prove to be a more 
effective way of identifying C. trachomatis associated 
with salpingitis.” Eleven of our patients did have chla- 
mydia microimmunofluorescent serologic tests per- 
formed, and all results were positive for immunoglob- 
ulin G antibodies to C. trachomatis at a titer of 21:32. 
A fourfold rise in titer was not shown in any of these 
patients. N. gonorrhoeae was isolated from the endocer- 
vix, fallopian tube, and cul-de-sac in the only patient 
with a positive immunoglobulin M antibody titer 
(1:64) to chlamydia. 

Sweet.et al.* previously reported that gonococci were 
only isolated from the fallopian tubes of women with 
acute salpingitis within the first 7 days of the onset of 
menses. Also, N. gonorrhoeae was rarely isolated when 
the duration of symptoms exceeded 72 hours. We were 
unable to confirm these temporal relationships. We 
could determine no relationship between duration of 
symptoms and isolation of N. gonorrhoeae from the cer- 
vix and/or cul-de-sac. In fact, one patient had symp- 
toms for 2 weeks and had positive cultures for N. gon- 
orrhoeae from the endocervix and cul-de-sac. 

In spite of the widely held opinion that gonococcal 
pelvic inflammatory disease is associated with a short 
duration of symptoms before presentation for medical 
care, a fourth of our patients had symptoms lasting 
>72 hours and seven patients had symptoms for =6 
days. Although gonococcal salpingitis was associated 
with dramatic symptoms at the time of hospitalization, 
more indolent and subtle symptoms that may be ig- 
nored by patients and/or clinicians can occur, as is ev- 
idenced by the late presentation of this group of pa- 
tients. N. gonorrhoeae in addition to chlamydia may be 
responsible for atypical salpingitis.” 

Ofloxacin’ was effective therapy for laparoscopically 
confirmed salpingitis in our patient population. All pa- 
tients met the criteria for clinical cure. The duration 
of hospitalization compared favorably with other stud- 
ies of pelvic inflammatory disease that used different 
antibiotic regimens.® ” Only one patient had a positive 
follow-up culture for C. trachomatis and that was the 
result of a reinfection. This study is the first North 
American study to confirm the eradication of micro- 
organisms cultured from the upper genital tract by sec- 
ond-look laparoscopy. All aerobic microorganisms 
tested, including all N. gonorrhoeae and C. trachomatis 
isolates, were sensitive to ofloxacin at a level of =1.0 
ug/ml. The patient with a polymicrobial infection re- 
sponded favorably to ofloxacin in spite of the fact that 
the anaerobic isolate, C. sordellu, was resistant. 

Patients with adhesion formation and questionable 
tubal patency showed evidence of persistent adhesions 
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and in many cases tubal occlusion at follow-up (Table 


V). In no case was a fallopian tube that was thought to 


be patent at the index laparoscopy occluded at the sec- 
ond-look operation. This suggests that antibiotic ther- 
apy is effective in controlling the infectious and inflam- 
matory processes so that in most cases progressive for- 
mation of adhesions does not occur. However, sequelae 
that were present at the initiation of therapy persist. 
These findings suggest that additional intervention in 
the way of antiinflammatory agents at the time of di- 
agnosis may not improve the overall outcome with re- 
spect to tubal patency and function. 

Ofloxacin is associated with excellent intestinal ab- 
sorption leading to serum levels equal to those found 
with parenteral administration, and treatment on an 
outpatients basis can be assured of giving comparable 
antibiotic levels in spite of lack of hospitalization and 
parenteral antibiotic therapy. Although we initiated 
therapy with the intravenous administration of oflox- 
acin, others have used only oral ofloxacin in the treat- 
ment of pelvic inflammatory disease with good results.” 
Ofloxacin has excellent activity against N. gonorrhoeae, 


`- including B-lactamase-positive strains and chromosom- 


ally mediated penicillin-resistant strains.”* Its good ac- 
tivity against C. trachomatis also makes this drug an at- 
tractive single agent for therapy of pelvic inflammatory 
disease in selected populations.” Moreover, both par- 
enteral and oral administration of ofloxacin was ex- 
tremely well tolerated and associated with no significant 
side effects, including diarrhea, which has decreased 
patient compliance in other studies. Concern about the 
effectiveness of ofloxacin in treating anaerobic soft tis- 
sue infections should limit its use in cases of pelvic 
inflammatory disease believed to be associated with an- 
aerobic microorganisms (for example, cases associated 
with intrauterine contraceptive device usage and tubo- 
ovarian abscesses). In addition, since a comparative 
treatment study was not performed, there is no evi- 
dence to suggest that ofloxacin is more effective than 
the currently recommended and less expensive Centers 
for Disease Control regimens. 

In summary, N. gonorrhoeae appears to be the prin- 
cipal microbial pathogen in black women seen in an 
urban emergency deparment with the typical signs and 
symptoms of pelvic inflammatory disease. C. trachomatis 
and anaerobic bacteria did not play a significant role 
in the pathogenesis of pelvic inflammatory disease in 
this patient population, which had undergone no in- 
trauterine manipulation before presentation. Ofloxa- 
cin, a new fluoroquinolone antibiotic, is effective in the 
treatment of this disease. 


We thank Dr. Julius Schachter and The Chlamydia 
Laboratory, San Francisco General Hospital, University 
of California, San Francisco, for performing the chla- 
mydia serologic tests and Dr. W. Glenn Hurt for his 
thoughtful review of the manuscript. | 
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Effect of magnesium sulfate on maternal brain blood flow in 


preeclampsia: A randomized, placebo-controlled study 


Michael A. Belfort, MD, and Kenneth J. Moise, Jr., MD 


Houston, Texas 


OBJECTIVES: The purpose of this study was to determine the effect of a 6 gm intravenous bolus of 
magnesium sulfate on maternal brain blood flow velocity waveforms in patients with preeclampsia. 
STUDY DESIGN: Twelve patients with preeclampsia were randomized to two groups and studied with 
Doppler ultrasonography before and immediately after infusion of either a 6 gm intravenous loading dose 
of magnesium sulfate or a placebo. The middle cerebral, common carotid, and internal carotid arteries 


were studied. 


RESULTS: Magnesium sulfate significantly reduced the pulsatility index in the middle cerebral artery 
(change in pulsatility index = —0.16 + 0.09) when‘compared with the placebo (change in pulsatility 
index = --0.02 + 0.06), p = 0.01. There were no significant changes in the Doppler indexes of the 


carotid vessels. 


CONCLUSIONS: These data suggest that magnesium sulfate vasodilates the smaller-diameter intracranial 
vessels distal to the middle cerebral artery and may exert its main effect in the prophylaxis and treatment 
of eclampsia by relieving cerebral ischemia. (Am J Osstet GYNECOL 1992;167:661-6.) 


Key words: Magnesium sulfate, brain blood flow, preeclampsia 


Magnesium sulfate has been the standard prophy- . 


lactic antiseizure agent used in the management of pre- 
eclampsia in the United States for many years.’ Its 
mechanism of action remains unknown and is the sub- 
ject of controversy.* There is evidence to suggest that 
this drug acts by opposing calcium-dependent arterial 
vasoconstriction and by antagonizing the increase in the 
intracellular calcium concentration caused by isch- 
emia.” * Both of these drug actions may reduce the 
potential for neuronal cell damage and death. In spite 
of the widespread use of magnesium sulfate as a ce- 
rebral protectant in pregnancy, there are no data in the 
current obstetric literature on its effects on maternal 
brain blood flow in patients with preeclampsia. To rule 
out ascertainment bias and any effect of the fluid in- 
fusion associated with the administration of the drug, 
we designed a prospective, randomized, placebo-con- 
trolled, double-blind study to test the hypothesis that 
a 6 gm loading dose of magnesium sulfate vasodilates 
the cerebral vasculature in patients with preeclampsia. 


Material and methods 


The protocol for this study was approved by the Bay- 
lor College of Medicine Human Institutional Review 


From the Division of Maternal-Fetal Medicine, Department of Ob- 
stetrics and Gynecology, Baylor College of Medicine. 

Recetved for publication July 23, 1991; revised December 13, 1991; 
accepted February 28, 1992. . 

Reprint requests: Michael A. Belfort, MD, Division of Maternal- 
Fetal Medicine, Department of Obstetrics and Gynecology, One Baylor 
Plaza, Houston, TX 77030. 
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Board and the Harris County Review Board. All pa- 
tients gave written, informed consent. 

Nonlaboring patients with confirmed preeclampsia 
who were scheduled to receive magnesium sulfate as 
antiseizure prophylaxis were eligible for inclusion. All 
patients included in this study had at least 1+ protein- 
uria on a catheter specimen of urine. Patients with es- 
sential hypertension, chronic renal disease, seizure dis- 
orders, diabetes mellitus, autoimmune disease, and any 
condition perceived to have an effect on the cerebral 
vasculature were excluded. 

Patients were positioned in a semirecumbant position 
with a 15-degree left lateral tilt. A 2 MHz pulsed, range- 
gated transcranial Doppler probe (TC2-64A, Eden 
Medical Electronics, Kent, Wash.) with a 10 mm sample 
volume was used to insonate the M1 (first 2 cm of the 
middle cerebral artery) portion of the middle cerebral 


_ artery by means of the transtemporal approach.*’ A 


150 Hz high-pass filter was used. The maximum esti- 
mated in situ intensity was 51 mW/cm? spatial peak 
temporal average. 

A Doppler system (Quantum 2000 Color Flow, Quan- 
tum Medical Systems, Issaquah, Wash.) was used for 
the extracranial color Doppler studies. All examina- 
tions were carried out by a single investigator (M.B.). 
A 7.5 MHz linear transducer with a 2 mm sample vol- 
ume was used to evaluate the common and internal 
carotid artery with established techniques.* The maxi- 
mum Doppler ultrasonographic energy was 100 
mW/cm?’ spatial peak temporal average. Doppler cal- 
culations were performed with the vascular software in 
the Quantum 2000 system. All waveforms and calcu- 
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Table I. Demographic data 
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Placebo group (n = 6) 


Patient No. dena Mean + SD 


Age (yr) 

Parity a s 
Gestational age (wk) 38.3 $3.7 
Systolic blood pressure (mm Hg) 128 154 
Diastolic blood pressure (mm Hg) 86 86 
Proteinuria* 4+ 4+ 
Aspartate’ aminotransferase 18 483 
Alanine aminotransferase 3 413 
Creatinine: 0.7 0.7 
Urea , 9 15 
Uric acid 6.2 8.2 
Hemoglobin 12 12 
Platelets 320 121 
Fibrinogen 447 601 


Table II. Doppler data (mean + SD) 


a Placebo group (n = 6) 
rm 


Middle cerebral 0.84 + 0.09 0.83 + 0.13 
Common carotid 1.61 + 0.45 1.60 + 0.34 
Internal carotid 1.10 + 0.28 1.15 + 0.57 


NS, Not significant. ` 


lated parameters were recorded on videotape and tner 
mal paper. 

A baseline assessment of the maternal middle cere- 
bral, common carotid, and internal carotid vessels was 
performed: Patients were randomly assigned with a 
computer-generated random number table to receive 
intravenous magnesium sulfate or placebo. A block size 
of six was used to ensure equal group distribution, and 
an opaque envelope system was instituted to prevent 
‘observer bias. The infusion solution was prepared by 
an uninvolved member of the labor and delivery resi- 
.dent staff and labeled with the patient’s study number 
only. The magnesium group received 6 gm magnesium 
sulfate in 100 cm? 5% dextrose-water intravenously 
over 20 minutes. The placebo group was given 100 cm? 
5% dextrose-water over 20 minutes. The Doppler mea- 
surements were performed before and immediately af- 
ter the infusion period. Patients were instructed not to 
discuss any perceived drug effect with the oe 
performing the study. 

All Doppler indexes are reported as the average of 
the left- and right-sided measurements. The pulsatility 
index? was used to present all Doppler data. The base- 
line and postinfusion pulsatility index values were com- 
pared. In addition, the difference between the baseline 
and postin fusion pulsatilitv index value ir in each group 
was analyzed. 


29. 4-9 
0 a f T bau 
42.1 33.9 37.3 38 37 + 3 
153 166 136 146 147 + 14 
86 99 78 82 86 +7 
l+ 1+ a+ 2t 2e l 
19 28 14 18 97 + 189 
9 6 10 13 76 + 165 
0.6 0.7 0.7 0.5 0.7 + 0.1 
10 7 8 8 2.5 5 
4.5 7.3 4.7 4.3 5.9 + 1.6 
10 13 13 13 12 21 
277 159 219 263 227 + 75 
409 516 474 439 48] + 69 
Magnesium group (n = 6) 
After infusion p Value 
NS 0.78 = 0.09 0.63 + 0.15 0.03 
NS 1.93 = 0.61 1.59 + 0.25 NS 
NS 1.15 = 0.35 ).98 + 0.13 NS 


Comparisons within each group were made with the 
Wilcoxon signed-rank test. Between-group compari- 
sons were performed with the Mann-Whitney rank sum 
test. A probability value of <0.05 was considered to 
indicate statistical significance. 


Results 


Twelve consecutive antenatal patients with protein- 
uric preeclampsia were enrolled before undergoing in- 
duction of labor. Six patients were assigned to each of 
the two groups. The demographic data of the patients 
is presented in Table I. The two groups were compa- 
rable in all respects. Systolic blood pressure decreased 
after the magnesium sulfate infusion (151 + 10 mm 
Hg to 141+13 mm Hg, p= 0.06; change 
value = —10 + 7 mm Hg). This reduction was, how- 
ever, not significantly different from that seen in the 
placebo group (147 + 14 mm Hg to 141+ 7 mm Hg, 
p = 0.31; change value = —4 + 12 mm Hg). There 
were no statistically significant differences in the 
change in the diastolic blood pressure between the two 
groups. There was no significant effect on the maternal 
heart rate, and none of the patients developed areiyEn: 
mias during the study. 

The absolute pulsatility index Doppler data are pre- 
sented in Table Il. Figs. 1 through 3 detail individual 
data points for the pulsatility index before and after 
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Magnesium group (n = 6) 


18 18 35 38 26 19 26 +9 
0 0 l 3 0 0 ll 

37.7 38.6 39.7 39.6 39.5 42 40 + 3 

156 140 161 159 137 152 151 + 10 


99 87 91 90 78 98 91+8 
2+ 2+ 3+ 4+ 4+ 1+ 3a 1] 
27 33 35 39 184 19 
15 24 10 18 127 12 34 + 46 
0.8 0.4 0.5 0.9 0.6 0.9 0.7 + 0.2 


8 9 8 17 10 13 ll£4 
4.9 6.2 4.0 7.4 7:9 6.5 6l] + 14 
12 13 13 14 13 14 13 24 


185 221 330 262 94 169 210 + 81 
353 389 609 3375 593 459 463 + 113 


infusion in the two groups. Fig. 4 shows the individual, 


data points for the middle cerebral artery mean velocity 
before and after infusion in the two groups. 

The baseline pulsatility index values of the two 
groups were not significantly different in any of the 
vessels studied. Magnesium sulfate infusion signifi- 
cantly reduced the pulsatility index in the middle ce- 
rebral artery (0.78 + 0.09 to 0.63 + 0.15; p = 0.03). 
This effect was not seen in the carotid vessels. Placebo 
infusion did not significantly alter the pulsatility index 
in any of the vessels studied. There was no significant 
change in the mean velocity after infusion of either 
placebo or magnesium sulfate in any of the vessels 
studied. 

Table III shows the change in pulsatility index in the 
two groups after the infusion. The change in the middle 
cerebral artery pulsatility index after the magnesium 
sulfate infusion was significantly different from that 
seen after the placebo infusion (—0.16 + 0.09 vs 
— 0.02 + 0.06; p = 0.01). There were no significant 
differences in the change in pulsatility index values in 
the maternal common carotid or internal carotid ar- 
teries between the two groups. 


Comment 


Magnesium sulfate is routinely used for seizure pro- 
phylaxis in the management of patients with pre- 
eclampsia in the United States.! Maternal serum levels 
rapidly increase after the administration of an intra- 
venous loading dose, and there is a wide volume of 
distribution.’ Although the drug has been shown to 


«cross the blood brain barrier in patients with pre- 


eclampsia, therapeutic levels have not been estab- 
lished." In addition, it has never been proved that the 
small increase in the cerebrospinal fluid level seen after 
intravenous magnesium sulfate is linked to a central 
nervous system site of action. 

The mechanism of action of magnesium sulfate as 
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Table III. Doppler data (mean + SD). All data 
are presented as the change in the 
pulsatility index 


Placebo group |Magnestum sulfate 
Artery (n = 6) group (n = 6) |p Value 


Middle cerebral ~0.02 + 0.06 -—0.16 + 0.09 0.01 
Common carotid —0.05 + 0.27 —0.28 + 0.35 NS 
Internal carotid — 0.01 + 0.29 — 0.14 + 0.24 NS 


NS, Not significant. 


an antiseizure agent in preeclampsia is still controver- 


sial.* '? Some investigators feel this agent acts primarily 
via neuromuscular blockade.’ Others believe there to 
be a more central action involving the suppression of 
neuronal burst firing and interictal electroencephalo- 
gram spike generation. Evidence of a cortical de- 
pressant effect of magnesium sulfate was demonstrated 
by Somjen et al., who injected magnesium intrathe- 
cally in 11 anesthetized cats and showed a significant 
reduction in electric discharge frequency. The same 
investigator, however, also showed that if ventilation 
was maintained serum levels of magnesium as high as 
8 mmol/L had no sedative effect in humans.’ Of fur- 
ther interest is that the abnormal electroencephalogram 
findings commonly found in preeclampsia-eclampsia 
are not altered by blood levels of magnesium consid- 
ered by most to be in the therapeutic range.” In ad- 
dition, eclamptic seizures are still occasionally seen in 
patients with confirmed therapeutic serum levels. 

The findings in this study support another mecha- 
nism of action for magnesium sulfate. Preeclampsia is 
known to cause widespread vasoconstriction; the re- 
sultant ischemia may be sufficient to lower the thresh- 
old for epileptic activity in affected regions of the brain. 
Magnesium sulfate may act as a cerebral vasodilator by 
improving the cerebral circulation in these areas. It is 
possible that this vasodilator effect reverses critical ce- 
rebral ischemia, leading to improved perfusion and 
prevention of cell damage, cerebral edema, and con- 
vulsions. 

McCall and Sass"™ studied the effects of an intrave- 
nous infusion of magnesium sulfate on cerebral! blood 
flow, cerebral vascular resistance, and cerebral oxygen 
metabolism in a mixed group of patients with pre- 
eclampsia and chronic hypertension. These workers 
showed a reduction in cerebral vascular resistance and 
an increase in cerebral blood flow and oxygen con- 
sumption after a 2 gm intravenous bolus dose of mag- 
nesium sulfate. Chi et al.’° showed that an infusion of 
magnesium sulfate resulted in a significant increase in 
the regional cerebral microperfusion in the ischemic 
rat cerebral cortex. Altura and Altura?” performed an 
intracarotid infusion of magnesium sulfate in adult 
nonpregnant rats and showed an in situ dose-depen- 
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Fig. 1. Pulsatility index in middle cerebral artery at baseline and after infusion of placebo or mag- 


nesium sulfate. 
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Fig. 2. Pulsatility index in internal carotid artery at baseline and after infusion of placebo or mag- 


nesium sulfate. 


dent vasodilatation of both the arterioles and the 
venules. 

The mechanism of action of the cerebral vasodilator 
effect of magnesium sulfate is unclear. The infusion of 
magnesium sulfate in nonpregnant human subjects has 
been shown to selectively increase both renal and ex- 
trarenal prostacyclin production, suggesting that the 
vasodilator action of magnesium sulfate is mediated by 
prostacyclin.’ It has been proposed that calcium flux 
is ultimately responsible for magnesium-induced va- 
sodilation, but this effect has not yet been demonstrated 
in patients with preeclampsia." Altura and Altura” 
demonstrated a direct smooth-muscle relaxant effect 
of magnesium sulfate on isolated middle cerebral and 


basilar artery segments from nonpregnant dogs. They 
further showed that elevation of Mg?* ions produced 
a marked shift of the calcium concentration—effect 
curves to the right, markedly reducing the ability of 
calcium to produce cerebral arterial vasospasm.”* These 
findings indicate a calcium antagonist action of mag- 
nesium sulfate in the vascular smooth muscle of the 
cerebral circulation. 

Phenytoin sodium has been shown to act as a sup- 
pressant of epileptic foci® and has been used with var- 
ied success in the management of patients with recur- 
rent eclampsia. Dommisse* found phenytoin less ef- 
fective than magnesium sulfate in controlling recurrent 
seizures in patients with severe preeclampsia. Phenyt- 
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Fig. 3. Pulsatility index in common carotid artery at baseline and after infusion of placebo or 


magnesium sulfate. 


100 PLACEBO 


90 
80 
70 
60 
50 
40 


VELOCITY (cm/sec) 


baseline post 


MGSO4 





baseline post 


Fig. 4. Velocity (centimeters per second) in middle cerebral artery at baseline and after infusion of 


placebo or magnesium sulfate. 


oin is not a potent cerebral vasodilator”; it may not 
have the same efficacy in preventing seizures resulting 
from vasospastic cerebral ischemia as it has in sup- 
pressing high-frequency repetitive epileptic activity.” 
In cases of severe preeclampsia in which the potential 
for cerebral vasospasm is high, an effective cerebral 
vasodilator may be a better choice for seizure prophy- 
laxis than a drug that primarily suppresses electric ac- 
tivity. 

This is the first randomized, placebo-controlled study 
to show a definite cerebrovascular effect of magnesium 
sulfate in patients with preeclampsia. In this study the 
pulsatility index in the middle cerebral arteries de- 
creased significantly after the administration of mag- 
nesium sulfate. There is evidence to show that the mid- 


die cerebral artery maintains its diameter during the 
steady state.” 7 Given that there was no significant 
change in the maternal heart rate or vessel diameter, 
the observed decrease in the pulsatility index is thought 
to reflect a reduction in resistance in the smaller-di- 
ameter parenchymal vessels distal to the middle cere- 
bral artery. A reduction in the mean velocity of blood 
in the middle cerebral artery with distal vasodilation 
would be expected. ‘There was a slight reduction in the 
mean velocity in the middle cerebral artery in this study 
(Fig. 4; -5 + 8vs —2 + 10), buta larger sample size 
will be required to demonstrate a statistically significant 
effect. 

The vasodilatory effect of magnesium sulfate on 
small-diameter parenchymal vessels was transmitted to 
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the larger extracranial vessels. The change in pulsatility 
index in the internal carotid artery reflected a very 
similar change to that seen in the middle cerebral ar- 
tery. Although this reduction was not statistically sig- 
nificant, possibly indicating a type 2 error based on the 
small sample size, there was a definite trend as dem- 
onstrated in Fig. 3 and Table II. 

The more marked reduction in the change in pul- 
satility index seen in the common carotid artery (Table 
II) represents the contribution from the external ca- 
rotid artery. The external carotid artery is a higher- 
resistance vessel than the internal carotid artery? and 
shows a more marked reduction in pulsatility index 
during magnesium sulfate infusion, reflecting vasodi- 
lation of the peripheral muscle and skin of the head 
and neck. 

The cerebral vasodilation may be transient, as noted 
with the central hemodynamic action of magnesium 


sulfate.” Whether or not the effect is prolonged, the . 


initial relaxation of the vasospasm may allow sufficient 
reperfusion of ischemic cerebral tissue to prevent sei- 
zures. Longitudinal study of the effects of continuous 
magnesium infusion in patients with preeclampsia are 
warranted. Such a study will be difficult to control, 
however, because of the multitude of potential con- 
founding variables introduced (oxytocics, epidural an- 
esthesia, narcotics, fluid infusion) once labor is initiated. 

In conclusion, magnesium sulfate appears to act as 
a cerebral vasodilator (particularly on the smaller-di- 
ameter vessels! in patients with preeclampsia. With its 
potential to relieve cerebral ischemia, this vasodilation 
may help explain why magnesium sulfate has antisei- 
zure activity in preeclampsia. 
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Endometrial lymphoid tissue in the timed endometrial biopsy: 
Morphometric and immunohistochemical aspects 


Lucas D. Klentzeris, MD, Judith N, Bulmer, PhD, Alistair Warren, PhD,‘ 
Lynn Morrison,” Tin-Chin Li, PhD, and Ian D. Cooke, MB, ChB* 


Sheffield and Leeds, Engiand 


OBJECTIVES: The purpose of this study was to provide a morphometric profile of endometrial granulated 
lymphocytes and to investigate qualitative and quantitative differences in leukocyte subsets in precisely 


timed luteal phase endometrial biopsies. 


STUDY DESIGN: Endometrial biopsies were obtained from 24 normal fertile women at 4, 7, 10, and 13 
days after the luteinizing hormone surge. Endometrial granulated lymphocytes were assessed 
morphometrically in 2 um resin sections. Eleven monoclonal antibodies were used to characterize 
leukocytes in frozen sections. Semiquantitation was performed with a Quantimet 970 image anayzor: Data 


were analyzed with one-way analysis of variance. 


RESULTS: CD8 +: (T suppressor-cytotoxic) cells increased significantly from 4 to 7 days after the 
luteinizing hormone surge, whereas CD68+ macrophages increased from days 10 to 13. Lymphocytes 
with an unusual phenotype (CD56+, CD38 +, CD2+) increased dramatically after 7 days. The volume 
fraction of endometrium occupied by the nuclei of endometrial granulated lymphocytes did not alter, but 
their mean nuclear diameter and axial ratio decreased from days 7 to 13. 

CONCLUSION: The morphometric findings indicate in situ proliferation of endometrial granulated 
lymphocytes rather than migration from the peripheral circulation. T lymphocytes, macrophages, and 
endometrial granulated lymphocytes increase significantly between certain stages of nee luteal phase. (AM 


J OssTeT GYNECOL 1992;167:667-74.) 


Key words: Endometrial eukocprg subpopulations, endometrial biopsy, endometrial 


granulated lymphocytes 


There have been several studies of the characteriza- 
tion and distribution of leukocytes in the nonpregnant 
human endometrium.’* The profile of leukocytes in 
endometrial stroma is formed primarily by macro- 
phages and lymphocytes. Phenotypically distinct lym- 
phocyte populations have been detected according to 
the different phases of the menstrual cycle. In the first 
half of the luteal phase the majority of lymphocytes are 
CD2+,CD3+ T cells. A population of phenotypically 
unusual lymphocytes (CD56 +, CD2 +, CD3—) in non- 
pregnant endometrial stroma increases in relation to 
other leukocyte types from the early to late luteal 
phases.*® 

However, these previous studies have a number of 
inadequacies. They lack precise chronologic dating of 
the endometrium; therefore the interpretation of the 


From the Harris Birthright Research Centre for Repreductive Med- 
icine, University Department of Obstetrics and Gynaecology, Jessop 
Hospital for Women,’ the Institute of Pathology, University of Leeds,’ 
and the Department of Biomedical Science, University of Sheffield.’ 
Received for publication August 19, 1991; revised December 18, 
1991; accepted March 18, 1992. 

Reprint requésts: Lucas D. Klenizeris, MD, Department of Obstetrics 
and Gynaecology (Professorial Unit), City H np Hucknall Read, 
Nottingham, England NG5 IPB. a 

6/1/37963 l 


reported changes in relation to implantation and early 
placental development is difficult. All of the studies 


have used the last menstrual period or the onset of the 


next menstrual period for chronologic biopsy dating. 


None has dated biopsies from the luteinizing hormone 


(LH) surge, a procedure that significantly improves the 
precision of measurements made on endometrial struc- 
ture.’ Some studies have examined heterogeneous 
populations’ or studied normal subjects who were not 
well defined.** 

The purpose of this study was not to recharacterize 
endometrial stromal leukocytes, but to give a mor- 
phometric profile of endometrial granulated lympho- 
cytes and to associate any qualitative or quantitative 
differences in leukocyte subsets with a precisely timed 
luteal phase. 'To avoid the inadequacies of the previous 
studies, LH-timed endometrial biopsies were obtained 
at 4, 7, 10, and 13 days after the LH surge from a well- 
defined group of normal fertile women. Morphometric 
studies were performed on plastic polymer—embed- 
ded, 2 wm thick endometrial section; frozen sections 
were labeled with a panel of 11 monoclonal antibodies. 
Programmed digitization and image analysis were used 
for measurements; statistical interpretation was per- 
formed with one-way analysis of variance. 
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Material and methods 


Subjects. Twenty-four normal fertile women who re- 
quested sterilization or reversal of sterilization were 
studied. Women were defined as normal fertile if they 
had had one or more successful pregnancies, were aged 
between 20 and 40 years, had a regular menstrual pat- 
zern (25 to 35 days), and had not received any steroid 
hormone or had an intrauterine contraceptive device 
for 3 months before collection of the biopsy. Pelvic 
endometriosis or anatomic abnormalities of the uterus 
were not observed in any of the subjects at laparoscopy 
or laparotomy. Subjects had abstained from coitus 
for =48 hours before the endometrial biopsy was 
taken. 

Endometrial biopsy. Each woman had an endome- 
trial biopsy taken during the luteal phase. Chronologic 
dating was based on the LH surge (designated 
LH + 0), which was determined by daily LH assays of 
morning urine starting on day 9 of the menstrual cycle. 
LH concentration was measured by the immunoassay 
method. Biopsy was performed with informed consent 
at 4, 7, 10, or 13 days after the LH surge. The tissue 
was obtained with a Sharman curette (Downs Surgical 
Ltd., Sheffield, England) just before the main operation 
of sterilization or reversal cf sterilization was com- 
menced. 

Each specimen was divided into two parts. ‘The frag- 
ment for immunohistochemistry was snap-frozen and 
stored sealed in liquid nitrogen. Serial cryostat sections 
5 to 7 pm thick were mounted on clean glass slides and 
air dried overnight at room temperature. Sections were 
fixed for 10 minutes in acetone, dried, wrapped in alu- 
minum foil, and stored at — 20° C until they were im- 
munolabeled. The fragment for morphometry was 
fixed in 2% glutaraldehyde in cacodylate buffer for 4 
to 6 hours and embedded in a plastic polymer (JB-4, 
Polysciences Inc., Northampton, England) as described 
by Dockery et al.* Two sets of 2 pm sections were cut 
from plastic polymer blocks with glass knives on mi- 
crotome (AS500, Anglia Scientific, Cambridge, En- 
gland). One set of sections was stained with acid fuchsin 
and toluidine blue to excluce major pathologic tissue. 
The second set of sections was stained with hematoxylin 
and Rose Bengal to enable us to visualize the charac- 
teristic cytoplasmic granules of endometrial granulated 
lymphocvtes that are commonly demonstrated with the 
phloxine-tartrazine stain. In pilot studies a number of 
stains with physicochemical properties in common with 
the phloxine-tartrazine stain were examined; Rose 
Bengal produced the clearest staining of the cytoplas- 
mic granules. 

The staining was performed as follows: after staining 
the nuclei in Gill hematoxylin, sections were stained for 
30 minutes in 0.5% Rose Bengal in distilled water and 
differentiated in 70% alcohol until the erythrocytes and 
granules were.red. Sections were then air dried and 
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mounted in polymount (BDH, Poole, England). His- 
tologic dating was performed according to the standard 
criteria of Noyes et al.° ‘The endometrium was consid- 
ered to be retarded if histologic dating was >2 days 
behind that of chronologic dating.’ 

Morphometry. Ten nonoverlapping fields of view 
were examined per biopsy in a systematic random sam- 
pling pattern." The measurements were made with the 
aid of a drawing tube attached to a microscope (Olym- 
pus BH-2, London) and an unbiased counting frame.” 
The major (a) and minor (b) axes of the nucleus of 
the endometrial granulated lymphocytes were mea- 
sured by programmed digitization with a microcom- 
puter (BBC, Acorn Ltd., London) linked to a bit pad 
(Calcomp Ltd., Arizona). The mean diameter (d) was 
calculated from d = Va: b. The volume fraction of 
the endometrium occupied by the nuclei of the gran- 
ulated lymphocytes was estimated under oil immersion 
at X 1070 magnification by means of a point-counting 
technique and a grid with points 4.67 wm apart." 
The nuclear axial ratio (A Xx R) was calculated from 
AX R= a/b. 

Monoclonal antibodies. Eleven monoclonal antibod- 
ies were used; their antigen cluster designations, main 
cellular reactivities, sources, and dilutions are shown in 
Table I. 

Immunohistochemustry. Sections were labeled by an 
avidin-biotin-peroxidase technique (Vectastain elite 
ABC kit, Vector Laboratories, Sylmar, Calif.). Prelim- 
inary studies showed that this method was superior to 
the indirect immunoperoxidase technique and the 
prior blocking of endogenous peroxidase activity did 
not affect the pattern or intensity of reactivity. 

Sections were rehydrated in Tris-buffered saline so- 
lution pH 7.6 and incubated for 60 minutes with the 
appropriately diluted monoclonal antibodies (Table I). 
After two Tris-buffered saline solution washes the tis- 
sues were overlain for 30 minutes with diluted (1: 200) 
biotinylated secondary antibody. The slides were 
washed twice in Tris-buffered saline solution and in- 
cubated for 30 minutes with the supplied preformed 
avidin horseradish peroxidase macromolecular com- 
plex. After further washes in Tris-buffered saline so- 
lution the reaction was developed by incubation in 
0.01% 3, 3' diaminobenzidine tetrahydrochloride in 
Tris-buffered saline solution containing 0.01% hydro- 
gen peroxide for approximately 5 minutes. Sections 
were counterstained in Harris hematoxylin, dehy- 
drated in absolute alcohol, cleared in xylene, and 
mounted in synthetic resin. Negative controls were per- 
formed by omission of incubation with the primary 
monoclonal antibody. Antibodies directed at CD16 and 
CD22 showed little reactivity with endometrium and 
provided a further control for nonspecific binding of 
antibodies. ‘The specificity of the antibodies was con- 
firmed on acetone-fixed cryostat sections of normal 
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Table I. Monoclonal antibodies 


Antigen cluster 
designation Main cellular reactivity Source 





Antibody Dilution 
DAKO-LC CD45 Leukocytes Dakopatts, 1:50 
High Wy- 
combe, En- 
gland 
UCHT] CD3 T lymphocytes Oxoid, Bed- 1:50 
ford, En- 
gland 
DAKO-CD8 CD8 Suppressor-cytotoxic . Dakopatts 1:20 
T cells 
DAKO-CD4 CD4 Helper-inducer T cells Dakopatts 1:50 
NKH-I CD56 Natural killer cells Coulter Clone, 1:500 
Luton, En- 
gland 
T16 CD38 Lymphocyte pro- Serotec, Bices- 1:50 
genitors ter, England 
DAKO-T11l - CD2 T cells Dakopatts 1:100 
DAKO-MACROPHAGE CD68 Macrophages Dakopatts 1:20 
DAKO-HLA-DR Class I B lymphocytes, macro- Dakopatts 1:50 
MHC phages, Langerhans 
antigens cells l 
Leu-lib CD16 Natural killer cells Becton-Dick- 1:50 
inson, San 
Jose, Calif. 
DAKO-PAN B CD22 B lymphocytes Dakopatts 1:20 


HLA, Human leukocyte antigen. 


adult lymph node and tonsil, which were used as pos- 
itive control tissues. 

Quantitation of leukocytes. A program was designed 
for an image analyzer, (Quantimet 970, Cambridge In- 
struments Ltd., Cambridge, England) to measure the 
area of precipitate within the endometrial stroma for 
each monoclonal antibody. It was assumed that this area 
was proportional to the number of positive cells. Pos- 
itive glandular or surface epithelial cells were not mea- 
sured. Five nonoverlapping fields of view were exam- 
ined per biopsy in a systematic random sampling pat- 
tern (magnification X 250). 

Statistical analysis. Initially every morphometric fea- 
ture was calculated on a “per individual” basis. The 
same principle was followed for measurements of area 
of precipitate obtained with the image analyzer. Sub- 
sequently, the mean + SEMs were calculated for each 
group (n = 5 for LH + 7 and LH + 13; n = 6 for 
LH + 4 and LH + 10). Data were analyzed with one- 
way analysis of variance. Where necessary, data were 
logarithmically transformed to render them suitable for 
analysis. The’ conventional level of 0.05 was taken as 
the limit of significance. 


Results 


General data. The mean age was 35.4 years (range 
25 to 40 years, SD 2.8). None of the subjects had patho- 
logic endometria; the two women who were found to 
have retarded endometrial development were excluded 
from the study. 


Morphometry. The volume fraction of endometrium 
occupied by the nuclei of endometrial granulated lym- 
phocytes did not change significantly from LH + 4 to 
LH + 13 (Fig. 1, A). The slight variations observed 
from LH + 4toLH + 7andLH + 7toLH + 10 may 
reflect changes in stomal edema. There was a significant 
decrease (p < 0.05) in the nuclear axial ratio (A x R) 
between LH + 4 and LH + 13 (Fig. 1, B), reflecting 
significant decreases (p< 0.05) from LH +7 to 
LH + 10 and LH + 10 to LH + 13, and indicating 
that the nuclei of endometrial granulated lymphocytes 
became more rounded. However, even at LH + 13 the 
nuclei of endometrial granulated lymphocytes varied 
in shape, including oval, reniform, and relatively 
rounded nuclei (Fig. 2). The two components of the 
axial ratio, maximum and minimum nuclear diameter, 
demonstrated a decrease that coincided with the fall in 
the axial ratio; the maximum and minimum nuclear 
diameters were decreased by 20% and 12%, respec- 
tively. The mean nuclear diameter decreased by 16% 
(p < 0.01) from LH + 4 to LH + 13 (Fig. 1, ©). 

Immunohistology | 

LH + 4. The leukocytes (CD45 + cells) occupied dif- 
ferent compartments of endometrium. CD45+ cells 
were seen scattered singly in the stroma, within stromal 
cellular aggregates, and around arterioles or glands 
(Table II). Some leukocytes were noted between surface 
or glandular epithelial cells, but these were not counted. 

T lymphocytes (CD3+) accounted for 34% of 
CD45 + cells (Table III). Most (68%) were T suppres- 
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Fig. 1. Morphometric analysis of endometrial granulated lymphocytes. Four columns in each figure 
represent mean + SEM for four groups of women at LH + 4, LH + 7, LH + 10, end LH + 13. 
A, Volume fraction of endometrium, occupied by endometrial granulated lymphocyte nuclei; there 
was no significant change from LH + 4 to LH + 13. B, Axial ratio of endometrial granulated 
lymphocytes: a significant decrease’ occurred between LH + 7 and LH + 13. C, Mean nuclear 
diameter of endometrial granulated lymphocytes that decreased significantly from LH + 7 to 


LH + 13. 


sor-cytotoxic (CD8 +) cells; cnly 27% were T—helper- 
inducer (CD4+) cells. CD3+ cells were seen scattered 
diffusely throughout the stroma or were forming ag- 
gregates. CD8 + cells had a similar stromal distribution 
and were also noted in an intraepithelial location, oc- 
casionally within the glandular lumen. CD4 + cells were 
seen in lymphoid aggregates, diffusely distributed in 
the stroma, and very a in an intraepithelial lo- 
cation. 


_The endometrial granulated lymphocytes whose 


phenotype (CD56 +, CD38 +, CD3—, CD2+) has been 
described before® accounted for 45% of CD45+ cells 
(Table HI). Although CD56+ and CD38+ cells were 
identified throughout the stroma, they tended to ag- 
‘gregate around glands and spiral arteries. Because 
most CD3+ cells coexpress CD2, the percentage of 
CD56 + cells that coexpress CD2 was estimated by sub- 
tracting the area of precipitate measured, for CD3+ 
cells from that for CD2+ cells and dividing the dif- 
ference by the area for CD56+ cells. When this ap- 
proach was used on day LH +4, 56% of’ the CD56 + 
‘cells also expressed CD2. Macrophages (CD68+ cells) 


‘accounted for 30% of the endometrial leukocytes. They | 


were distributed diffusely in the stroma and in peri- 
glandular aggregates. Cells reactive for class ĮI major 
histocompatibility complex antigens (human leukocyte 


antigen—DR+ cells) accounted for 34% of leukocytes. 
A few glandular epithelial cells and vascular endothelial 


cells expressed human leukocyte antigen—DR, but 
- when recognized these cells were excluded from the 


counting. Many human leukocyte antigen—DR-+ cells 
were in a periglandular location, probably reflecting 
the presence of macrophages around endometrial 
glands. 

Classic natural killer (CD16 +) cells and B (CD22 +). 
cells did not demonstrate z specific pattern of distri- 
bution and accounted for only 2% to 3% of leukocytes 
(Tables II and III). Both groups were seen in the 
stroma, and some CD22+ cells were part of lymphoid 
aggregates. CD16+ an CD22 + cells did not show any 
significant changes from LH + 4 through LH + 13 
(Table II). In negative control sections no specific stain- 
ing was detected at any LH date. . 

LH + 7. The total area of the precipitate measured 
for the CD45+ cells indicated a significant increase 
(p < 0.01) after LH + 4 (Table II), but the distribution 
remained similar. CD3 + cells also increased (p < 0.01). 
However, because of the larger increase of total leu- 
kocytes, CD3 + cells accounted for only 32% of CD45 + 


‘cells, a lower proportion than that for day LH + 4 


(Table HI). The increase in T lymphocytes was the © 
result of an increase of CD8+ suppressor-cytotoxic 
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Fig. 2. Endometrial biopsy from day LH + 13 embedded in plastic polymer (JB-4) and stained with 
Rose Bengal. Note numerous cells that have cytoplasmic granules (arrows). (Original magnification 


x 1000.) 


Table II. ‘Total mean area of precipitate measured per leukocyte subset at each LH date 


Antigen 
‘CD45 3212 + 86.51 -3904 + 103.23* 
CD3 1100 + 40.72 1264 + 38.41* 
CDs 751 + 28.24 879 + 29.07* 
CD4 $02 + 21.30 ~ 316 + 23.36 
CD56 1458 + 58.93 1602 + 77.04 
CD38 1494 + 98.19 1552 + 70.98 - 
CD2 1901 + 48.60 2164 + 69.54* 
CD68 970 + 47.70 1094 + 56.35 
HLA- 1101 + 60.45 1272 * 59.38 
DR i 
CD16 89 + 12.76 91 + 13.20 
CD22 94 + 12.36 109 + 14.26 


LH + 13 


4532 + 131.84* ‘5214 + 152.37* 


1310 + 43.12 1392 + 48.26 
907 + 27.68 . 955 + 31.72 
330 + 20:36 351 + 22.62 


1981 + 79.38% 
1924 + 8282* 


2847 + 92.09* 
2773 + 95.36* 


2379 + 72.9* 2821 + 93.93* 

1186 + 62.10 1449 + 75.75* 

1323 + 62.31 1626 + 65.47* 
102 + 10.25 104 + 11.24 
11l + 13.77 118 + 12.11 


Five fields x 25 objective x 10 eyepiece. Values are means + SEM. HLA, Human leukocyte anitgen. 


*Significant (p < 0.05) change from previous LH date. 


cells, which accounted for 70% of CD3+ cells and 22% 
of CD45+ cells. The CD4+ T-cell subset did not 
change significantly (Table IJ). 

The area of precipitate measured for CD56+ and 
CD38 + leukocytes indicated no significant increase af- 
ter LH + 4. However, CD2+ cells were increased 
(p < 0.05) in keeping with the increased number of 
CD3 + cells (Table II). CD68 + cells and class I] major 
histocompatibility locus—positive cells remained un- 
changed compared with LH + 4 but formed a lower 
proportion of CD45 + cells (Table III). | 

LH + 10. CD45+ cells increases significantly (p < 
0.05) from day LH + 7 (Table II). CD3 + cells were 
unchanged, accounting for 29% of leukocytes (Table 
IHI); the proportion of CD3 + cells expressing CD8 and 
CD4 was unaltered at-69% and 25%, respectively. In 
contrast, CD56 + and CD38 cells increased in num- 
ber, as indicated by the significant (p < 0.01) increase 


in precipitate area (Table II). CD2+ cells were also 
increased (p < 0.05), accounting for 52% of stromal 
leukocytes. The calculation for estimating the percent- 
age of CD56+ cells that coexpress CD2 cells showed 
that approximately 54% of CD56+ .cells coexpressed 
CD2. Macrophages and human leukocyte antigen— 
DR + cells did not change significantly after LH + 7 
(Table II). There were no changes in the main distri- 
bution patterns of the leukocyte subsets. 

LH + 13. The area of the precipitate measured for 


. CD45 + cells was significantly increased (p < 0.01). The 


increase in T lymphocytes did not reach statistical sig- 
nificance (p = 0.109); 69% of CD3 + cells were CD8 + 
and 25% were CD4+. However, one-way analysis of 
variance revealed an increase (p < 0.01) in CD3 + cells 
from LH + 4to LH + 13. 

CD56+ and CD38+ cells demonstrated a rapid and 
significant rise (p < 0.001). CD56+ and CD38+ leu- 
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Table ITI. Leukocyte subsets as a relative 
proportion of the area measured for 


CD45 + cells 
CD3 34 32 29 27 
CD8 23 22 20 18 
CD4 9 8 7 7 
CD56 45 4] 44 55 
CD38 44 40 42 53 
CD? 59 55 52 54 
CD68 30 28 26 28 
HLA-DR 34 33 29 31 
CD16 3 2 2 2 
CD22 3 3 2 2 


Values are mean percent of CD45-positive population. HLA, 
Human leukocyte antigen. 


kocytes had a similar distribution within luteal phase 
endometrium, and the quantitative changes showed a 
parallel pattern (Tables II and IH). The increase in 
CD2+ cells, although significant (p < 0.01), was nu- 
merically less than the rise in CD56 + and CD38 + cells. 
At this stage, only 50% of CD56+ cells appeared to 
coexpress CD2. CD68+ cells accounted for 28% of 
leukocytes, and the increase in precipitate between 
LH + 10and LH + 13 was significant (p < 0.05). One- 
way analysis of variance also revealed a significant 
change (p < 0.01) from LH + 4 to LH + 13. Human 


leukocyte antigen—DR-+ cells demonstrated similar al-, 


terations to the CD68 + cells, but throughout the luteal 
phase the area of precipitate measured for these cells 
exceeded that for CD68 + macrophages (Table IJ). 

Comment | 

We have assessed leukocyte subsets in the endome- 
trium of normal fertile women at specific and precisely 
calculated stages of the luteal phase with morphometric 
and immunohistochemical methods. Certain leukocyte 
populations showed alterations within certain periods 
only. The area of precipitate measured for CD3+ 
T cells increased significantly from day LH + 4 to 
LH + 7, whereas that for CD68+ macrophages in- 
creased from LH + 10 to LH + 13. Lymphocytes with 
the unusual phenotype CD56+, CD38+, CD3—-, 
CD16 — did not demonstrate any difference in the pre- 
cipitate area from LH + 4 to LH +7, but developed 
intense proliferative activity from LH + 7toLH + 13. 
During the periimplantation phase, LH + 7, the leu- 
kocytic profile of the endometrium consisted mainly of 
CD56+, CD2+, and CD16- cells (441%), CD3+ cells 
(32%), and CD68+ (28%) cells. The ratio between T 
suppressor-cytotoxic and T helper-inducer cells was 2.8 
at all stages of the luteal phase. This is a reversal of the 
CD8/CD4 ratio in peripheral blood. CD4 can also be 
expressed by monocytes; previous workers have noted 
reactivity for CD4 of round and oval class II major 
histocompatibility locus—positive stromal histiocytes in 
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human endometrium.” However, in our study CD4- 
positive cells were small and round with a lymphoid 
nucleus, and the sum of CD4+ and CD8+ cells was 
similar to that of total T cell numbers detected by CD3, 
suggesting little if any overlap with endometrial mac- 
rophages. 

The total endometrial leukocyte population showed 
a significant increase at each date after the LH surge. 
From day LH + 4 to LH + 13 the total cellular area 
of precipitate increased by 62%; approximately 70% of 
this increase occurred between LH + 7 and LH + 13. 
In two previous reports the increased number of the 
leukocytes in the late luteal phase was attributed to 
either increased numbers of macrophages' or increased 
numbers of lymphocytes.? In our study CD56+, 
CD38+, and CD3— cells were primarily responsible 
for the increase in leukocytes between LH + 7 and 
LH + 13; macrophages contributed between LH + 10 
and LH + 13 and T cells between LH + 4andLH +7, 

The combination of morphometry and immunohis- 
tochemistry enabled us to determine a profile for the 
endometrial granulated lymphocytes that has not pre- 
viously been reported. The volume fraction of endo- 
metrium occupied by endometrial granulated lympho- 
cyte nuclei did not change from day LH + 4 to 
LH + 13 which, in combination with the other results, 
suggests that migration of cells from the circulation to 
the endometrium during the luteal phase is unlikely. 
From day LH + 4toLH + 7 the absence of significant 
change in nuclear diamezers, mean diameter, axial ra- 
tio, or total precipitate area measured for CD56+ and 
CD38 + cells indicated that these cells were in a resting 
phase with minimal mitotic activity. However, from day 
LH + 7 to LH + 10, although the volume fraction re- 
mained unchanged the mean nuclear diameter and ax- 
ial ratio were significantly decreased. These findings 
are compatible with proliferation of endometrial gran- 
ulated lymphocytes, which could explain the significant 
increase in CD56+ and CD38+ cells noted on frozen 
sections. A similar pattern was seen from day LH + 10 
to LH + 13. The decreased percentage of CD56 + cells 
that were CD2+ may also be compatible with prolif- 
eration. On days LH + 4 and LH + 7, approximately — 
56% of the CD56 + cells were CD2+; by day LH + 13, 
only 50% of the CD56+ cells coexpressed CD2+. Our 
calculations were based on the fact that CD3+ cells are 
also CD2 +. It can be proposed that in the case of “in- 
flux” of CD56 + cells from the peripheral circulation, 
the proportion of CD46 + cells expressing CD2 should 
not alter. The rapid proliferation of CD56 + cells may 
lead to an increase in cells that have not acquired other 
antigens such as CD2. The proliferative activity of en- 
dometrial granulated lymphocytes has been supported 
by reports of expression of the nuclear proliferation 
antigen Ki67.'° 


- 
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The lymphocyte subset with the phenotype CD56+, 
CD38+, CD3—, CD16—, CD2+ represents Leu-19 
bright CD3 —, CD16— cells described by Lanier et al.” 
Although these cells comprise <2% of the peripheral 
blood lymphocytes” in our study and others,** this sub- 
set accounted for more than 50% of the endometrial 
leukocytes. The factors that control the selective re- 
cruitment of endometrial granulated lymphocytes to 
the endometrium or initiation of their proliferation are 
unknown, It has been suggested*® that these are hor- 
monally induced responses for which the embryo is not 
essential. However, in our study the maximum rate 
of increase of CD56+, CD38+ cells was between 
LH + 10 and LH + 13, when in normal fertile women 
the steroid hormones, primarily progesterone, have 
reached a very low level.” In contrast, endometrial pro- 
teins such as PP14 reach almost maximal levels between 
LH + 10 and LH + 13.** The degree of direct or in- 
direct involvement of the endometrial proteins in the 
observed changes in endometrial granulated lympho- 
cytes 1s not known. 

T lymphocytes increased from LH + 4 to LH + 7 
and from LH + 4to LH + 13, and the majority (68% 
to 70%) were CD8 +. The most striking hormonal event 
from LH + 4 to LH + 7 is the increase of progester- 
one.’* CD8 + peripheral blood lymphocytes express the 
progesterone receptor,” and after activation by pro- 
gesterone these cells could play an important role in 
the local immune response of the endometrium during 
the periimplantation phase and the early stages of em- 
bryo-maternal dialogue. 

The area of precipitate measured for macrophages 
(CD68+ cells) increased from LH + 10 to LH + 13. 
A premenstrual increase in stromal macrophages has 
been described previously.".* Most macrophages were 
class II major histocompatibility locus—positive; this was 
reflected in the similarities in distribution and the par- 
allel changing pattern of cells labeled with anti-CD68 
and anti-human leukocyte antigen—DR monoclonal 
antibodies. Macrophages have been considered to be 
one of the most important elements of the afferent arm 
of the embryo-maternal dialogue during the periim- 
plantation period.” It has been suggested that mac- 
rophages in murine decidua may play a role in pro- 
cessing fetal antigens at the fetomaternal interface and 
in suppression of lymphocyte activation through secre- 
tion of prostglandin E,.” | 

A very low proportion fo endometrial leukocytes ex- 
pressed CD16. CD16+ cells have been described as 
large granular lymphocytes with potent cytotoxicity 
against natural killer celi—sensitive targets and com- 
prise 10% to 15% of the total peripheral lymphocytes.” 
In our study, although proliferation of endometrial 
granulated lymphocytes was noted on plastic polymer 
sections and a significant increase of the precipitate area 
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for CD56+ cells was observed from LH +7 ta 
LH + 13, the total area of precipitate measured for 
CD16+ cells did not change from LH + 4to LH + 13. 

The selective preference of the endometrium for 
specific leukocyte subsets is impressive. In the endo- 
metrium of normal fertile women only 2% to 3% of 
the CD45+ cells were CD22+ B lymphocytes. Other 
investigators have reported a deficiency of B cells in 
human endometrium.’ Hence, the role of B lympho- 
cytes in the reproductive performance of normal fertile 
women is likely to be insignificant. 

In summary, endometrial granulated lymphocytes 
proliferative from LH + 7 to LH + 13 in response to 
stimuli that remain unknown. T lymphocytes and mac- 
rophages also change significantly between certain 
stages of the luteal phase. From LH + 4 to LH + 13, 
in normal fertile women, classic natural killer cells are 
very scanty. With these findings as a background we 
are conducting further studies to identify the stimuli 
regulating the selective recruitment, proliferation, and 
differentiation of leukocytes in normal fertile human 
endometrium and in the endometria of women with 
reproductive failure. 
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Umbilical vein pulsations: A physiologic finding in 


early gestation 


Giuseppe Rizzo, MD,* Domenico Arduini, MD,* and Carlo Romanini, MD” 


Rome and Ancona, Italy 


OBJECTIVES: The purpose of this study was to establish the incidence of umbilical vein pulsations in 
normal early pregnancies and to evaluate whether these pulsations are related to Doppler-measured 
vascular resistances in umbilical artery or central venous flow patterns. 

STUDY DESIGN: We performed a cross-sectional study on 257 uneventful pregnancies at 7 to 16 weeks 
of gestation by means of transvaginal color and pulsed Doppler ultrasonography. Blood flow velocity 
waveforms were recorded from the umbilical artery, umbilical vein and, in 48 cases, also from fetal inferior 


vena Cava. 


RESULTS: Pulsations in the umbilical vein were evidenced in all cases until 8 weeks. From this 
gestational age on pulsations progressively disappeared, becoming completely absent at =13 weeks. The 
incidence of pulsations in the umbilical vein was unrelated to umbilical artery pulsatility index values, the 
incidence of absent end-diastolic flow in umbilical artery, and fetal heart rate. In the inferior vena cava, 
reverse flow during atrial contraction was significantly higher (p = 0.002) in cases with umbilical vein 
pulsations than in those cases without pulsations at a similar gestational age. 

CONCLUSIONS: Pulsations in the umbilical vein are physiologically present during the first trimester of 
pregnancy and seem to be related to inferior vena cava flow patterns. (Am J OBSTET GYNECOL 


1992:167:675-7.) 


Key words: Doppler ultrasonography, venous blood flow, early pregnancy 


Pulsating blood flow patterns in the umbilical vein 
have been found to be associated with severe fetal com- 
promise of different pathologies such as intrauterine 
growth retardation and nonimmune hydrops.'* On the 
basis of this finding it was suggested that analysis of the 
blood flow patterns might be a useful prognostic sign 
of fetal outcome. Moreover, during Doppler recordings 
performed in early gestation we noted pulsations in the 
umbilical vein in normal pregnancies. The purpose of 
our investigation was twofold: (1) to establish the in- 
cidence of umbilical vein pulsations and their timing of 
occurrence in normal early pregnancies, and (2) to eval- 
uate whether these pulsations are related to Doppler- 
measured vascular resistances in umbilical artery or 
central venous flow patterns. 


Material and methods 


Patients. In a cross-sectional study 257 pregnancies 
were analyzed at 7 to 16 weeks of gestation. All preg- 
nancies were singleton and had their gestational ages 
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confirmed by ultrasonographic measurement of fetal 
crown-rump length or biparietal diameter. The moth- 
ers’ median age was 27 years (range 17 to 36) and the 
median parity 1 (range 0 to 3). This group of 257 preg- 
nancies was selected from a population of 293 low-risk 
pregnancies recruited from our outpatient division and 
longitudinally monitored throughout pregnancy. The 
remaining 36 cases were excluded because of preg- 
nancy complications evidenced either at the time of 
the study or later with advancing gestation. All pa- 
tients gave informed consent to participate in the 
study. 

Doppler recordings. Commercially available color 
Doppler equipment (Ansaldo Hitachi Esacord 81, 
Genoa, Italy) with 5 and 6.5 MHz transvaginal probes 
was used for all measurements. The spatial peak tem- 
poral average intensities were <16 mW/cm? for the 
imaging mode and 35 mW/cm? for the Doppler mode. 
The high-pass filter was set at 100 Hz, and the sample 
volume width at 2 mm. 

Each patient underwent transvaginal real-time scan- 
ning, and the gestational sac with the embryo inside 
was identified. The color flow mapping function was 
superimposed and the umbilical cord evidenced. The 
pulsed Doppler sample volume was placed on the cord 
in a position considered equidistant from its abdominal 
and placental insertion points and as parallel as possible 
to the flow direction as indicated by color. Venous and 
arterial velocity waveforms were then recorded (Fig. 
1, A and B). In addition, in the last 52 cases examined 
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Fig. 1. A, Flow velocity waveforms from umbilical artery and vein recorded at 10 weeks’ gestation. 


Umbilical venous pulsations are evident at time of arterial diastole. B, Flow velocity waveforms from 


umbilical artery and vein recorded at 9 weeks’ gestation with absence of venous pulsations. C, Flow 


velocity waveforms from inferior vena cava at 10 weeks’ gestation. Note high percent of reverse flow 


during atrial contraction (top channel) with respect to forward flow (bottom channel). 


(gestational age 9 to 16 weeks) we attempted to measure 
blood flow velocities from the inferior vena cava at a 
level more distal from the heart than the entrance of 
the ductus venosus (Fig. 1, C). 

Data analysis. [en consecutive and uniform velocity 
wavetorms were selected for each vascular district in- 
vestigated, and permanent records were obtained by 
means of a strip-chart recorder. Waveform analysis was 
performed with the digitizing tablet of a computer 
(Cardio 800, Kontron, Oxford, England). Pulsatility in- 
dex ([{Systolic velocity — Diastolic velocity]|/Mean ve- 
locity) was evaluated at the level of the umbilical artery. 
In the umbilical vein notation was made of the presence 
or absence of repetitive decreases of velocity coincident 
with umbilical arterial diastole (i.e., umbilical vein pul- 
sations) (Fig. 1, A and B). At the level of the inferior 
vena Cava, measurements of time velocity integrals were 
made during forward flow (systole and early diastole) 
and during the reverse flow (atrial contraction) (Fig. 
1, C). The time velocity integral during reverse flow 
was then quantified as a percent of the time velocity 
integrals during forward flow (percent of reverse flow). 

Statistical analysis was performed by means of un- 
paired ¢ test, Fisher exact test, and regression analysis. 
Differences yielding a p = 0.05 were considered sig- 


nificant. 


Results 
Successful recordings were obtained in all cases at 


the level of the umbilical artery and vein and in 48 


(92.3%) of 52 cases at the level of the inferior vena 
cava. Pulsations in the umbilical vein were always evi- 
denced until 8 weeks of gestation (20/20 cases at 7 
weeks, 25/25 at 8 weeks). After this gestational age 
pulsations were present in 20 (83.3%) of 24 cases at 9 
weeks, 18 (60.0%) of 30 at 10 weeks, 13 (46.4%) of 28 
at 11 weeks, and 4 (12.9%) of 31 at 12 weeks. Pulsations 
in the umbilical vein were not evidenced at 213 weeks 
(30/30 cases at 13 weeks, 25/25 cases at 14 weeks, 
24/24 at 15 weeks, and 20/20 at 16 weeks). The percent 
of reverse flow during atrial contraction in the inferior 
vena cava significantly decreased during the gesta- 
tional period considered (constant = 60.983, slope = 
— 2.819, r = 0.631, SD = 6.726, p = 0.001). 

To obtain a group homogeneous for gestational age 
that would allow us to relate the occurrence of venous 
pulsations with different factors, we retained only the 
data from 9 to 12 weeks of gestation for further anal- 
ysis. When these cases were divided according to the 
presence or absence of pulsations in the umbilical vein, 
no significant differences were evidenced in the pul- 
satility index from the umbilical artery between the two 
groups (pulsations absent: n = 39, pulsatility in- 
dex = 2.59 + 0.36; pulsations present: n = 50, pul- 
satility index = 2.49 + 0.39; not significant) or in the 
incidence of absent end-diastolic flow (pulsation absent, 
82.6%; pulsation present, 86.7%; not significant) or in 
heart rate (pulsation absent = 153 + 9 beats/min; pul- 
sation present = 156 + 11 beats/min; not significant). 


Moreover, significantly higher (t = 3.458; p = 0.002) 


Volume 167 
Number 3 


values of the percent of reverse flow in the inferior 
vena cava were evidenced in cases with the presence of 
pulsations between 9 and 12 weeks (n = 18; percent of 
reverse flow = 29.2 + 9.8) when compared with those 
without pulsations (n = 16; percent of reverse 
flow = 18.7 + 7.6) at similar gestational ages. 


Comment 


Pulsations in the umbilical vein are usually present 
during the first trimester of pregnancy and progres- 
sively disappear between 9 and 12 weeks of gestation. 
Previous studies have evidenced these pulsations later 
in gestation in severely compromised fetuses; it has 
been postulated that they are an expression of cardiac 
decompensation leading to abnormal heart filling and 
thus resulting in increased reverse flow during atrial 
contraction in the inferior vena cava."* The abnormal 
reversal of venous blood velocities extends beyond the 
ductus venosus into the umbilical vein, causing these 
pulsations. This explanation is supported by the rela- 
tionship between the percent of reverse flow in the 
inferior vena cava and umbilical vein pulsations found 
in such fetuses.” 

The significance of the umbilical vein pulsations in 
early gestation is unclear. The lack of correlation be- 
tween umbilical artery pulsatility index or incidence of 
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absent end-diastolic flow and pulsations suggests a lim- 
ited role of placental vascular resistance in the genesis 
of this phenomenon. On the other hand, our data show 
that the percent of reverse flow in the inferior vena 
cava significantly decreases during the gestational pe- 
riod considered, thus suggesting improved cardiac fill- 
ing with advancing gestation. We therefore speculate 
that in first-trimester fetuses, as in compromised third- 
trimester fetuses the pulsations in the umbilical vein 
are caused by high reversal velocities in the inferior 
vena cava that may physiologically occur at this gesta- 
tional age. The differences in the percent of reverse 
fiow in the inferior vena cava in the presence or absence 
of pulsations in the umbilical vein at a similar gesta- 
tional age further corroborate this hypothesis. 

In conclusion, umbilical vein pulsations are physio- 
logically present during the first trimester of pregnancy 
and seem to be related to cardiac filling patterns. 
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A randomized, double- blind, placebo- controlled comparison of 
the impact of low-dose and triphasic oral contraceptives on 


follicular development 
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Maryanne Reilly, RN 


H ouston, Texas 


OBJECTIVE: This investigation tests the hypothesis that triphasic oral contraceptives are associated with 


the development of large; persistent ovarian cysts. 


STUDY DESIGN: Weekly vaginal ultrasonography was used in a randomized, double- blind, | 
placebo-controlled, parallel-group, single-center study that compared the incidence, risk, size, and:time to 
resolution of ovarian follicles in healthy women who took Estrostep or Loestrin oral contraceptives 
(manufactured by Parke- -Davis) or a placebo during three consecutive menstrual cycles. 

RESULTS: Sixty-three percent of plasebo-treated subjects developed follicles >18 mm, compared with 
39% and 23% in the Estrostep and Loestrin groups. The risks for each group of developing a large follicle 
during a ‘single cycle were not different. No dominant follicle persisted tor >2 weeks for any subject. 
CONCLUSION: These results demonstrate that follicular development continues during treatment with oral 
contraceptives. in addition, the findings fail to support the hypothesis that triphasic oral contraceptives 
result in persistent ovarian cysts. (AM J OBSTET GYNECOL 1992;167:678-82.) 


Key dokis: Oral contraceptives, follicular development 


Triphasic oral ċontraceptives have been available in 
the United States since 1984 and now are the most 
frequently prescribed oral contraceptives. In 1987 Cail- 
louette and Koehler' published a report describing 
seven subjects treated with triphasic oral contraceptives 
in whom large, persistent ovarian cysts developed and 
in some cases required surgery. These investigators 
then suggested that the triphasic oral contraceptives 
were causally related to cyst development. The study 
described here investigated this Aypothesis by exam- 
ining follicular development in healthy subjects with 
normal menstrual cycles who received a placebo, the 
oral contraceptive Loestrin, or the new triphasic oral 
contraceptive Estrostep (both manufactured by Parke- 
Davis) in a randomized, controlled, double- Bung trial. 


‘Material and methods 


Study design. A single site was chosen for this 5- 
month double-blind, placebo- -controlled, parallel- 
group study. After a 2- week screening period, which 
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was sufficient to collect and evaluate the patient history 
and physical and laboratory examinations, subjects who 
had met the inclusion criteria were randomized and 
began a 4 week control period (cycle 1). After com- 
pleting this period, subjects began a 12-week blinded 
treatment period. This was followed by a 4-week post- 
treatment washout cycle. . 
Sample selection. A sample of 48 healthy female 
volunteers who were between 18 and 35 years old, were 
post partum or had not used oral contraceptives, and 
had had normal menstrual cycles (28 + 3 days) fora 
minimum of two consecutive months before the study 
was selected. All subjects initially had a normal pelvic 
examination, vaginal ultrasonography, and Papanico- 
laou smear. Each agreed to use barrier contraceptives 


‘throughout the study. Subjects were excluded if they 


had medical contraindications to oral contraceptives, 
had used oral contraceptives during the preceding 
2 months, were pregnant before or became pregnant 
during the study. In addition, potential subjects who 
were lactating, had a history of ovarian follicular cysts, 

or had any significant history of a gynecologic patho- 
logic condition such as pelvic inflammatory disease, en- 
dometriosis, dysfunctional uterine bleeding, or uterine 
abnormalities were excluded. Concurrent medications 
that could conceivably decrease contraceptive efficacy 
were disallowed. Subjects were withdrawn from the 
study if they experienced an adverse event, had an 
interfering intercurrent illness, did not tolerate the’ 
drug, failed to comply, or simply desired to withdraw. | 
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Table I. Risk of experiencing a large follice (>18 mm) during a single cycle 


Treatmeni group - Risk per 1000 cycles Attributable risk 95% Confidence interval 
Control 157.1 — — — 
Loestrin 276.6 119.5 1.7607 0.7312-4.1518 
Estrostep 190.1 l 33.4 1.2126 0.4672-3.2177 





Differences between risk levels were not significant, x* = 2.5373944. Risk associated with control cycles was computed with all 
five possible cycles for control subjects. When baseline and washout cycles were included for experimental groups, resulting risk 


was 0.1705. Risk ratios were adjusted for small sample size and logarithmic conversions were used per Haldane.® 


Treatment. The medications used in this study were 
identical in appearance and packaging. Loestrin 
1.5/30 contains 30 wg of ethinyl estradiol and 1.5 mg 
of norethindrone acetate taken for 21 days. Estrostep 
contains the same progestin dosage with 20, 30, and 
35 ug of ethinyl estradiol taken on days 1 to 5, 6 to 12, 
and 13 to 21, respectively. The placebo was taken on 
days 1 to 21 by subjects randomized to the control 
group. No subject took study tablets on days 22 to 28. 
Treatment began with the initial tablet being taken on 
the first Sunday after the onset of the menstrual period. 
Seven days after finishing the previous package the 
subject started a new package. ‘Tablets were taken with 
fluid at bedtime and recorded in the subject’s diary. 
The daily diary recorded the time of medication, ad- 
verse reactions, or missed pills. 

Subjects were assigned a treatment by means of a 
double-blind, balanced randomization scheme supplied 
by the Biometrics Department, Parke-Davis, Inc., Ann 
Arbor, Michigan. 

After the initial history, physical examination, and 
laboratory tests indicated that a subject met all inclusion 
criteria, she was enrolled. Blood pressure measure- 
ments were taken weekly. In addition, vaginal ultra- 
sonography was performed and diaries were examined 
for compliance each week over the five cycles, for a 
total of 20 scans per subject. Vaginal ultrasonography 
was carried out with a GE3000 (General Electric, Mil- 
waukee) 5.0 MHz vaginal probe with photo documen- 
tation. The mean follicular diameter was calculated by 
averaging the largest transverse and longitudinal di- 
ameters.”* All follicles >5 mm were recorded. A preg- 
nancy test was repeated at the end of the control cycle 
(cycle 1). 

Before our investigation was begun, this protocol was 
reviewed and approved by the Baylor College of Med- 
icine, Institutional Review Board for Human Research. 

Data analysis. If we assume that 30% of subjects 
taking low-dose oral contraceptives will have ovarian 
follicles >18 mm,* 10 subjects per group is sufficient 
to detect a =65% difference between the multiphasic 
and monophasic group with 95% confidence. 

In analyses in which the cycle was the unit of obser- 
vation, those missing more than one ultrasonography 
were omitted from calculations. Cycles for which com- 
plete data were available for those subjects who were 


not studied for the full 5 months were included. (In 
Fig. 3 the variation in sample size is a result of these 
adjustments.) 

The time to resolution was defined as the number of 
consecutive weeks from the appearance of one or more 
follicles >18 mm to regression cf all follicles to <13 
mm. 

Relative risks were adjusted for small sample size, 
and logarithmic conversions were used to generate 95% 
confidence intervals.*® Incidence levels were compared 
with the x’ test for significance, and univariate analyses 
of variance were used to compare mean numbers and 
sizes of follicles observed in each treatment group. 


Results 


Subjects were similar in age and medical history, but 
there were some differences in the past use of oral 
contraceptives. Eighty-one percent of the placebo 
group had used oral contraceptives, compared with 
46% of the Loestrin and 60% of the Estrostep groups. 
Forty-eight subjects entered the control cycle. Three 
subjects withdrew for personal reasons and did not re- 
turn diaries. Forty-five subjects entered active treat- 
ment: 16 received placebo, 14 Loestrin, and 15 Es- 
trostep. Two subjects withdrew for personal reasons, 
one from the Loestrin and one from the Estrostep 
group. One Loestrin-treated subject withdrew because 
of an adverse event (pregnancy). Forty-two subjects 
completed the study. 

The most frequently reported gynecologic symptom 
was amenorrhea, which was reported by two placeba- 
treated subjects, each reporting one episode, and one 
Loestrin subject reporting two episodes. One Estrosteo 
subject reported an episode of myalgia. 

Overall, 63% of placebo-treated subjects experienced 
a follicle >18 mm. Forty-three percent of Estrostep- 
treated subjects and 25% of Loestrin-treated subjects 
had a follicle >18 mm at some time during the treat- 
ment phase. These proportions were not significantly 
different at an a level of 0.05 (x? = 3.94, df = 2). 

Table I displays the relative risk of a subject expe- 
riencing at least one large follicle (>18 mm) during a 
single cycle for each study group. The risk per 1000 
cycles was 157 for the control group, 190 for the Es- 
trostep group, and 277 for the Loestrin group. The 
risk attributable to treatment for the Estrostep subjects 
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Fig. 1. Mean number of follicles of each size by experimental group and month. Average number 

of large. i follicles in control group varied from 0 i in month 2 to 0.15:in month 3. All variation for 

two oral contraceptive groups was within that range. -Cross-haiched bars, Control group; downward 
x hatched bars, Loestrin group; upward haiched bars, manny group. Bie 


was 33 per 1000: eee and 120 see 1000 for the Loes 
_trin: group. The relative risks associated with Loestrin 


te _ and Estrostep were. 1.76 and 1.2, respectively. Ninety- 


five percent confidence. ranges: aroun these ratios in- 
cluded unity. oor tee 
Fig. 1 shows the average number of follicles ii in each 
_ cycle for each of the three treatment ‘groups by cycle. 
In Fig. 1 (top) the average number of large follicles 
{> 18 mm) i in each’cycle is presented. The normal vari- 


| ability i in the incidence of large follicles is demonstrated ~ 


by observing the results į in the placebo-treated. group. 
Among the 15 subjects receiving. placebo, no subject 


_ ‘hada large follicle.in the second cycle, but an average © 
=- of 0.15 large follicles were observed in the next (cycle 


3). ‘All treatment groups-had'‘an incidence of large fol- 
licles that was within the range observed for the pla- 
cebo-treated group. Fig..1 (middle and bottom) shows 


_the mean number of medium (10’to 18 mm) and small ` 


(6 to 10 mm) follicles among the treatment groups. As 


| with the large follicles, there was no significant effect 


. of hormone treatment on the number of medium or 
` small follicles. Although there was a trend toward an 


increased number of medium follicles over time for the - 


two treatment groups, this trend was not mace) 
meaningful, - a 
Cycle variability. can ‘be oT in ie 2; “which 


shows. the mean weekly incidence, of large (>18 mm) — 


follicles in the three treatment groups, throughout the 


study period. These data T show ‘the expected i 
patterns of large follicle development in the middle of 
many of the control cycles: ‘Similarly, it can be observed 
‘that there was ‘some continued ovarian activity in both | 
oral contraceptive. groups. 

The largest follicles in the three groups were 4) 28, 


. arid 43 mm for placebo, Loestrin, and Estrostep-treated 
subjects, respectively. The mean size of large (>18 mm) 


follicles among those subjects having large follicles, also 
was similar across groups: 21, 21.5, and 23.8 mm for 


control, Loestrin, and Estrostep- -treated subjects, re- 
, spectively. | 


Fig. 3 shows the mean size of the largest follicles § in 
a patient month for each cycle i in the three treatment 
groups. There was no significant effect of treatment on 
the'average maximal follicle size. The mean largest fol- 
licle values were not significantly different from those 
in either the Loestrin or Estrostep cycles (F == 1.47, 


p = 0.2327). Finally, in no subject did an ovarian cystic | 


structure last.for >2 weeks in any treatment group. 


Comment a ae TEE 
 Thisi investigation used a three- Dor approach to 
answer this question: Are women exposed to oral con- 


: traceptives at greater risk for development: of large 
. (>¥8 mm) or persistent folliclés?. Variations across ex- 
; périmental groups were examined for (1) the'incidence 
“of at least one large follicle, (2) the risk of a large follicle 
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Fig. 2. Average weekly incidence of large (> 18 mm) follicles in three groups. Follicular development 
continued in both oral contraceptive groups during treatment phase. 


in a single cycle, and (3) the average number of large 
follicles per subject. In addition, differences in maximal 
follicle size, the distribution of medium and small fol- 
licles, and time to resolution of large follicles were mea- 
sured. The results show the following: (1) the incidence 
of follicles >18 mm was not significantly different 
among the three treatment groups; (2) the risk for de- 
velopment of follicular cysts was not different among 
the groups; (3) the maximal size of a follicular cyst and 
the average maximal size of a follicle was not observed 
to be significantly greater among oral contraceptive— 
treated subjects than controls; (4) time to resolution of 
follicles >18 mm was also not found to be greater in 
the hormone-treated cycles. 

Several studies have compared the effects of hor- 
monal contraceptives on ovarian function and follicular 
activity.” ®? Grimes and Hughes? reviewed the nation- 
wide rate of hospitalization of women with follicular 
cysts before and after the introduction of triphasic oral 
contraceptives.’ The number of women using triphasic 
oral contraceptives increased from 0 to 3 million be- 
tween 1979 and 1986, but the hospitalization rate for 
follicular cysts was unchanged. This implies that tri- 
phasic oral contraceptives are not associated with more 
related hospitalizations. Alternatively, Caillouette and 
Koehler! reported on seven cases of subjects using tri- 
phasic contraceptives in whom persistent follicular cysts 
developed. The data from our study demonstrate that 
follicular function continues with oral contraceptives 


but that the incidence of large follicles is not different 
when control subjects and those using two types of oral 
contraceptives are compared. 

Recently Shoupe et al.* used a similar protocol, in- 
volving daily rather than weekly vaginal ultrasonag- 


raphy, to characterize ovarian follicular development 


with a subcutaneous progestin, the Norplant System 
levonorgestrel implants (Wyeth-Ayerst, Philadelphia). 
They noted marked follicular development in many 
subjects using the progestin-only contraceptive. Qur 
results, in subjects receiving estrogen-progestogen 
combination oral contraceptives, are similar in that both 
studies observed continued follicular development in 
subjects receiving exogenous hormones. The observa- 
tions of Shoupe et al. of continued follicular develop- 
ment in Norplant users is similar to that of Tayob et 
al,” who noted follicular development in women using 
progestin-only oral contraceptives. 

Other investigators have observed similar maximal 
diameters of dominant follicles in normal ovarian cy- 
cles. Queenan et al.° observed a maximum follicle size 
range of 7 to 24 mm within 4 days of ovulation. We | 
noted a follicle size of 10.6 to 16.8 mm in our control 
group. 

Our observations of continued follicular develop- 
ment in patients taking oral contraceptives may be ex- 
plained by the results of Killich et al., who noted a 
more pronounced inhibition of ovarian follicular de- 
velopment in subjects taking triphasic oral contracep- 


682 Young et al. 


Ox 


+ 


4 
otet 


Nete 


CAA 
Kose 


é 


Ox 


LA 
505 


+ 
K 
-. 
K 
e 
s 
() 
K 
. 
S 
® 
, 
(9 
eS 
K 


A 
LS 


y v 
LAC 
7,2, 


F,.¢_.¢,¢.F, 
*,6,°,°, x 
.¢.09.0.0.0.0 


AAAA 
SSES 


ave 


Control 
1 2 


Mean Follicle Size (mm) + SEM 





September 1992 
Am J Obstet Gynecol 


H 


Ew 
ICI 
9.0.0.4 tta 

CO” 


a 


\7 
C 
LAAAAAS 


P P, 
or eeee, 
„© e 


vV 
+ 
Sare 


+ 
- 


ox 
e 
(2 


+ 
4 


v 
+ 


A 
- 


+ 


RRL 


NN 


Saatat 


My 


S 
() 


tate. 
Ox SOx 


+ 
v 


- 
+ 
+. 


+ 
v 


+ 


SYQIVQo 
SQW QO} 


QQ Q 


LA 
v. 
we 


La 


Treatment Washout 
3 4 5 
Month 


Fig. 3. Monthly average maximum follicle size in each group. No significant treatment effect was 
observed. Cross-hatched bars, Control group; downward hatched bars, Loestrin group; upward hatched 


bars, Estrostep group. 


tives when they began on cycle day 1 instead of day 5. 
The majority of the subjects in the Killich et al. study 
who had continued follicular development began their 
pills on cycle day 5. Sunday starts by definition will have 
some subjects not beginning oral contraceptives on cy- 
cle day 1. Thus some follicular development that cannot 
be inhibited by the oral contraceptives may be occurring 
by cycle day 5 or 6. However, on the basis of the low 
incidence of reported symptoms in experimental sub- 
jects, there does not appear to be great clinical signif- 
icance to this continued follicular activity. 

The low incidence of large fcllicles and the small 
sample size compromise the power of the hypothesis 
tests used in this investigation. Thus, although no dif- 
ferences were detected, there remains the possibility of 
type II error, which can only be addressed through a 
more costly investigation that uses a significantly larger 
sample size. 

In spite of this limitation, we do not believe that the 
sample size led to a detection bias, because the observers 
were blinded to treatment and ovaries were observed 
in all subjects in all cases and medium and small follicles 
were observed, measured, and counted in all subjects 
at each visit. The tumes chosen for the ultrasonographic 
measurements and the range of follicular sizes mea- 
sured in our control population is similar to results seen 
by Queenan et al.” A future study might use a group 
of subjects who consistently have a monthly dominant 
follicle before treatment. Given the variability observed 


in our control group, a population of this nature may 
be difficult to find. 
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The presence of amniotic fluid leukoattractants accurately 
identifies histologic chorioamnionitis and predicts tocolytic 
efficacy in patients with idiopathic preterm labor 


Peter H. Cherouny, MD; Glenn A. Pankuch, BS * John J. Botti, MD,’ and 


Peter C. Appelbaum, MD, PhD* 
Hershey, Pennsylvania 


OBJECTIVES: We tested these hypotheses: (1) that amniotic fluid from patients with idiopathic preterm 
labor and histologic chorioamnionitis contains leukoattractants and (2) that the detection of amniotic fluid 


leukoattractants is an accurate predictor of tocolytic efficacy. 


STUDY DESIGN: Amniotic fluid from 86 patients in idiopathic preterm labor: was evaluated by 
microbiologic tests and leukotaxis assay. The tests’ ability to predict histologic chorioamnionitis and 
response to tocolysis (61 tocolytic candidates) is established. Statistical analysis was performed with 


Fisher's exact test and unpaired Student t test. 


RESULTS: The detection of amniotic fluid leukoattractants was a better predictor of histologic 
chorioamnionitis (97%) than were amniotic fluid microbiologic tests (62%) (p < 0.01). Also, in patients with 
detectable amniotic fluid leukoattractants tocolysis failed significantly more often than in patients without 


detectable leukoattractants (93% vs 7%, p < 0.01). 


CONCLUSION: The presence of leukoattractants in amniotic fluid detected by the ieükotasis assay 
accurately identifies histologic chorioamnionitis and can additionally predict tocolytic efficacy in patients 
with idiopathic preterm labor. (Am J OBSTET GYNECOL 1992;167:683-8.) 


Key words: Preterm labor, chorioamnionitis, tocolysis 


Considerable research indicates that ascending in- 
fection is a significant underlying cause of preterm la- 
bor and may be a major factor contributing to tocolytic 
failure."? In the antepartum period clinical criteria sup- 
ported with microbiologic testing of amniotic fluid are 
used to identify patients with intrauterine infection. 
Unfortunately, the clinical criteria for intrauterine in- 
fection are insensitive and nonspecific.* * Also, micro- 
biologic testing of amniotic fluid (Gram stain and cul- 
ture), although specific for intraamniotic infection, may 
fail to detect the initial stages of an ascending infection, 
which is believed to begin within the intact membranes 


and spread secondarily to the amniotic fluid.** Placental 


membrane cultures may be a more sensitive measure 
of infection than are amniotic fluid studies; however, 
they are only available postpartally.? The failure to ex- 
clude infection as an underlying cause of preterm labor 
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makes it difficult to accurately judge- the efficacy of 
present tocolytic regimens. 

The association between histologic Ehonoainaionine 
and preterm delivery has provided much of the evi- 
dence linking infection with preterm labor.’ Further 
research now supports the view that histologic cho- 


rioamnionitis has an infectious cause.” Unfortunately, . 


an accurate method for the detection of histologic cho- 
rioamnionitis during the antepartum. period is not 


available. Therefore the frequency of histologic cho-- 
rioamnionitis in patients in preterm labor and its con- | 


tribution to tocolytic failure remains unknown. 

A characteristic feature of histologic chorioamnio- 
nitis due to ascending infection is the amniotrcpism 
displayed by polymorphonuclear leukocytes in the fetal 
membranes.®** This suggests the presence of leukoat- 
tractants in amniotic fluid of patients with histologic 


choricamnionitis.® Leukoattractants, other than bacte-: 
- rial products, that have been identified in amniotic fluid 
.. of patients with chorioamnionitis include leukotriene 


Ba,’ platelet-activating factor,” and interleukin-8. We 
have recently described the detection of amniotic fluid 
leukoattractants with an agarose-leukotaxis assay; we 
found this to be an accurate antepartum marker for 


histologic chorioamnionitis.” The assay is sensitive to 
- a wide range and concentration of leukotactic factors." 
_, This is an advantage over specific leukoattractant assays 


(e.g., leukotriene B,) because the precise nature of the 
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inflammatory response of histologic chorioamnionitis 
and the role of individual leukoattractants is not known. 
The agarose-leukotaxis bioassay also detects biologi- 
cally active forms of leukoattractants but has the dis- 
advantage of being cumbersome to perform. 

The purpose of the current study is to evaluate pa- 
tients with idiopathic preterm labor and intact mem- 
branes to test the following hypotheses: (1) amniotic 
fluid from patients with idiopathic preterm labor and 
histologic chorioamnionitis contains leukoattractants 
detected by the agarose-leukotaxis assay; (2) the pres- 
ence or absence of amniotic fluid leukoattractants in a 
patient with idiopathic preterm labor can predict to- 
colytic efficacy. 


Methods 


Amniotic fluid was collected by amniocentesis from 
86 patients admitted to University Hospital of The 
Pennsylvania State University School of Medicine with 
‘idiopathic preterm labor and intact membranes without 
clinical evidence of infection, after informed consent 
was obtained. The amniocentesis protocol was ap- 
proved by the Clinical Investigation Committee of Uni- 
versity Hospital. Patients are derived from a >90% 
white referral population in which 16% have annual 
family incomes <$15,000. Preterm labor was defined 
as four uterine contractions in 20 minutes associated 
with cervical change, 2 cm of cervical dilatation or 80% 
cervical effacement, occurring before 37 completed 
postmenstrual weeks. Gestational age was confirmed by 
ultrasonography or neonatal assessment in all cases. 
Exclusion criteria comprised premature rupture of the 
membranes, clinical chorioamnionitis as defined by 
Gibbs et al.,"* congenital fetal anomalies, oligohydram- 
. nios, abruptio placentae, or intrauterine growth <10th 
percentile for gestational age. 

Amniotic fluid specimens were processed as previ- 
ously described for Gram stain, Wright stain, aerobic 
and anaerobic culture, culture for Mycoplasma hominis 
and Ureablasma urealyticum, and gas-liquid chromatog- 
raphy for bacterial metabolites.’ Chlamydia trachomatis 
was not studied. Previous work failed to detect this 
organism in our population’ and failed to relate it to 
preterm delivery and premature rupture of mem- 
branes.” Viruses were not evaluated- for similar rea- 
sons. The leukotaxis assay was performed as previ- 
ously described”? with the following changes: polymor- 
phonuclear leukocytes were harvested from human 
blood with Poly Resolving Medium (ICN Flow, Costa 
Mesa, Calif.), washed once, and resuspended to a con- 
centration of polymorphonuclear leukocytes of 
1 x 16°/ml before use. In brief, an agarose medium 
was applied to a microscopic slide and allowed to 
harder. Three wells were then cut into the agarose in 
a linear fashion, 2.5 mm apart and 2.5 mm in diameter, 
with a stainless steel punch and template. Ten micro- 
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liters of amniotic fluid specimen and a control (neat 
Basal Medium Eagle) was placed in the outer two wells. 
Last, 10 wl of freshly prepared neutrophils from 
healthy, nonpregnant human donors (polymorpho- 
nuclear leukocytes ] x 108/ml) was placed in the center 
well. The slide was incubated (37° C, 5% carbon dioxide 
in air) for 2 hours and then fixed in methanol followed 
by formaldehyde. The gel was then removed from the 
slide, and the polymorphonuclear leukocytes on the 
slide surface were stained with Wright's stain and air 
dried. Directed migration was defined as the furthest 
point (linear distance) that three neutrophils in the 
same plane moved from the margin of the central well 
toward the outer well containing the amniotic fluid 
specimen. Similarly, spontaneous migration was de- 
fined as the distance toward the outer well containing 
the control (Basal Medium Eagle). The chemotactic in- 
dex could then be calculated (Chemotactic in- 
dex = Directed migration/Spontaneous migration). 
Fluids with a mean (of three measurements) leukotactic 
index 21.2 were considered positive. 

The clinical laboratory at University Hospital per- 
formed Gram stain, aerobic culture, anaerobic culture 
(if requested or suggested by Gram stain), and fetal 
pulmonary maturity studies, which were all available to 
the clinicians caring for the patients. Sections from cen- . 
tral and peripheral areas of the placenta and umbilical 
cord and rolled sections of chorioamniotic membranes 
were fixed in buffered formalin and stained with he- 
matoxylin and eosin. Histologic chorioamnionitis was 
defined as the accumulation of polymorphonuclear leu- 
kocytes in the intervillous space immediately below the 
chorionic plate. Histologic chorioamnionitis was clas- 
sified by stage and severity, as previously described."® 
Histologic evaluation of the placentas and fetal mem- 
branes was limited to patients delivered =48 hours after 
amniocentesis because this was thought to reflect the 
histologic environment at the time of amniotic fluid 
collection. 

Fifty-one patients were considered candidates for to- 
colysis (Fig. 1) because of the following criteria: no 
maternal contraindication to tocolytic therapy, gesta- 
tional age <34 weeks, reassuring fetal assessment, no 
identifiable congenital fetal anomalies, normal amniotic 
fluid volume, no identifiable placenta previa or abrup- 
tio placentae, singleton gestation appropriately grown 
for gestational age, and cervical dilatation >0 and <4 
cm. Patients were given either intravenous ritodrine or 
magnesium sulfate therapy. Statistical analysis was per- 
formed with Fisher’s exact test and unpaired Student 
t test with p < 0.05 considered significant. 


Results 

Eighty-six patients and amniotic fluid samples were 
evaluated. Forty-five patients (52%) were delivered 
within 48 hours of amniotic fluid collection. The pla- 
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Patients with idiopathic preterm labor, 
intact membranes, undergoing amniocentesis 


g1 
Tocoiųtic candidates 
< 34 weeks singleton gestation, >Ocm and < 4cm cervical dilation, 
no contraindication to tocolysis 


a Y Baan 


Groun t Group 2 Groun $ 
AE) Patients á Patients (J Patients 


(+) Gram stain 
(+) leukotaxis assay 
(-) clinical infection 


(-) Gram stain 
(+) leukotaxis assay 
(-) clinical infection 


(-) Gram stain 
{-) leukotaxis assay 
(-) clinical infection 


27 successful tocolysis 
2 failed tocolysis 


1 successful tocolysis 
13 failed tacoiysis 


Tocolusis discontinued 
Antibiotics baqun 
Fitacin as needed 


1 developed clinical 5 developed clinical 


infection after failed 


tocolysis 
All AF cultures (-) 


4 cultures positive 
after delivery 


infection during induction 


All AF cultures (+) 


Fig. 1. Flow chart for patients with idiopathic preterm labor undergoing amniocentesis. 


Table I. Histologic chorioamnionitis compared with microbiologic tests of amniotic fluid infection in 
patients with idiopathic preterm labor 









Histologic 
chorioamnionitis 
(No.) 


Delivery $48 hr after 45 37. 
amniocentesis 

Delivery >48 hr after 41 NRt 
amniocentesis 


NR, Not reported. 

*Not performed on two samples. 

{Delivery occurred >48 hours after amniocentesis. 
tp < 0.01. 


centas and chorioamniotic membranes of these 45 pa- 
tients were evaluated histologically; 37 revealed histo- 
logic chorioamnionitis. The ability to predict histologic 
chorioamnionitis by the leukotaxis assay and other mi- 
crobiologic tests, performed on amniotic fluid collected 
within 48 hours of delivery, is presented in Table I. 
Detection of amniotic fluid leukoattractants by a posi- 
tive leukotaxis, assay was a better predictor of histologic 
chorioamnionitis than was a positive Gram stain, a pos- 
itive amniotic fluid culture, positive gas-liquid chro- 
matography, or a combination of these three methods 
(62%) (p < 0.01). The histologic chorioamnionitis in 
the patient without detectable leukoattractants (nega- 
tive leukotaxis assay) was classified as stage I or mild 
severity. Thirty-six of 45 (80%) patients delivered 
within 48 hours of amniotic fluid collection had de- 
tectable leukoattractants (positive leukotaxis assay) ver- 


Positive 
leukotaxts 
assay 

(No.) 


36 (97%)£ 



























Positive 
Positive Positive gas-liquid 
culture Gram stain chromatography* 


(No.) (No.) 


17 (46%) 


(No.) 


23 (62%)+ 


16 (46%)+ 
0 0 0 


sus one of 41 (2%) delivered >48 hours after amnio- 
centesis (p < 0.001). Polymorphonuclear leukocytes 
were present in 16 of 22 (76%) amniotic fluid specimer:s 
with detectable leukoattractants. Labor alone does not 
appear to release leukoattractants because 49 patiens 
with idiopathic preterm labor and variable degrees of 
cervical dilatation did not have detectable amniotic fluid 
leukoattractants. 

Detection of amniotic fluid leukoattractants by a pos- 
itive leukotaxis assay was associated with delivery within 
48 hours in 97% of cases (36/37); the combined results 
of culture, Gram stain, and gas-liquid chromatography 
were negative in 14 of these 37 (38%) amniotic Aucd 
specimens with detectable leukoattractants. ‘Thirteen of 
these 14 (93%) were delivered within 48 hours, and 
histologic chorioamnionitis was identified in all cases. 
The one patient not delivered within 48 hours was de- 
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Table IL. Sensitivity, specificity, and positive and negative predictive values of laboratory tests of amniotic 
fluid for histologic chorioamnionitis from patients in idiopathic preterm labor 










Combined 






Gas-hiquid microbiologic 
chromatography* testsT 
Sensitivity (%) cs 68 62 46 46 65 
Specificity (%) 160 100 100 100 100 100 
Positive predictive 100 100 100 100 100 100 
value (%) 


Negative predic- &9 40 36 29 29 38 


tive value (%) 





*(sas-liquid chromatography was not performed on two samples. 
tOne or more tests positive (culture, Gram stain, gas-liquid chromatography). 


livered at 25 weeks, 7 days after amniotic fluid collection 
and tocolytic therapy, with stage II or severe histologic 
chorioamnionitis with funisitis; all antepartum and 
neonatal culture results were negative. Histologic cho- 
rioamnionitis was identified as stage III or severe in 17 
of 23 (74%) cases with detectable amniotic fluid leu- 
koattractants and a positive culture versus three of 14 
cases (21%) with detectable leukoattractants and a neg- 
ative amniotic fluid culture (p < 0.005). The diagnostic 
accuracy of each test for histolegic chorioamnionitis is 
compared in Table II. | 

Fifty-one patients were considered candidates for to- 
colysis (Fig. 1). Among these 51 patients three groups 
were identified by a combination of amniotic fluid 
Gram stain and leukotaxis assay. Twenty-nine patients 
(57%) (group 1) had uniformly negative amniotic fluid 
Gram stain, culture, and gas-liquid chromatography 
and were without detectable leukoattractants (negative 
leukotaxis assay}. Fourteen patients (27%) had negative 
amniotic fluid Gram stain but had detectable amniotic 
fluid leukoattractants (positive leukotaxis assay, group 
2); all placentas subsequently showed histologic cho- 
rioamnionitis. Four patients in group 2 had a positive 
amniotic fluid culture subsequent,to delivery, which did 
not affect management of preterm labor. Eight patients 
(16%) with positive amniotic fluid Gram stain, culture, 
and leukotaxis assay (group 3) were no longer consid- 
ered tocolytic candidates; they were treated for in- 
traamniotic infection and proceeded to delivery. 
Groups l and 2, which are clinically indistinguishable 
in the antepartum period except for the absence or 
presence, respectively, of amniotic fluid leukoattrac- 
tants, were therefore compared. 

Twenty-seven (93%) patients in group 1 had suc- 
cessful initial tocolytic therapy (delay of delivery >48 
hours) versus one (7%) from group 2 (p< 0.005). 
Group 2, with detectable leukoattractants, also was seen 
earlier in gestation compared with group 1 (29.3 + 0.9 
vs 31.1] + 0.5 weeks, p < 0.05). Table HI compares the 
parameters of groups 1 and 2. 

All positive amniotic fluid cultures from patients un- 


dergoing amniocentesis for preterm labor, with intact 
membranes, without signs of clinical infection, and con- 
sidered tocolytic candidates yielded a single isolate. 
Fifty percent of isolates (6/12) were Fusobacterium nu- 
cleatum. ‘The remaining isolates were microaerophilic 
streptococci (16.7%), Gardnerella vaginalts (16.7%), 
U. urealyticum (8.3%), and non-fragilis group Bacteroides 
spp. (8.3%). M. hominis was not isolated. All neonatal 
blood cultures were negative. 


Comment 


The current study confirms the hypothesis that am- 
niotic fluid from patients with idiopathic preterm labor, 
intact membranes, and histologic chorioamnionitis con- 
tains leukoattractants detectable by the leukotaxis assay. 
This supports the view that subclinical infection and 
histologic chorioamnionitis are underlying causes of 
preterm labor that contribute to tocolytic failure. 

The data presented also suggest that leukoattractants 
are an earlier marker for developing placental inflam- 
mation because of ascending infection than are cur- 
rently available antepartum tests. All patients with am- 
niotic fluid leukoattractants in preterm labor had his- 
tologic chorioamnionitis and 38% (14/37) did not have 
traditional microbiologic evidence of intraamniotic in- 
fection before delivery. Amniotic fluid leukoattractants 
also preceded development of clinical chorioamnioni- 
tis. In six patients clinical chorioamnionitis developed 
after the detection of amniotic fluid leukoattractants; 
all six had stage 3 or severe histologic chorioamnionitis. 
Interestingly, in two patients clinical chorioamnionitis 
developed without detectable leukoattractants, and 
they had neither histologic nor microbiologic evidence 
of infection. 

Another important finding in the current study is 
that the presence of amniotic fluid leukoattractants ac- 
curately predicts the failure of tocolytic therapy, 
whereas the absence of leukoattractants predicts suc- 
cessful tocolytic management. Further evaluation of pa- 
tients in idiopathic preterm labor who were considered 
tocolytic candidates (as previously defined) identified 
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Table III. Characteristics of patients in preterm labor, considered tocolytic candidates, separated by 
absence (group 1) or presence (group 2) of amniotic fluid leukoattractants 





Group 1: Negative leukotaxis Group 2: Positive leukotaxts 
(n = 29) | (n = 14) 


Maternal age (yr) 25.4 + 1.0 
Gestational age (wk) 31.3 + 0.5 
Cervical dilatation (cm) mi HO 
Birth weight (gm) 2696 + 192 
Interval (amniotomy to de- 676.4 + 106.5 
livery) (hr) 

Histologic chorioamnionitis NR* ` 
Prior preterm births 0.4 + 0.1 
First-trimester abortions 0.6 + 0.2 


Significance 
23.6 + 0.9 NS* 
29.3 £09 p < 0.05 
20-02 NS 
1462 + 170 p< 0.001 
32.0 + 11.3 p< 0.001 
14 (100%) 
0 p.< 0.05 
16 + 0.4 p< 0.05 


All measurements are mean + SEM. NS, Not significant; NR, not reported. *Delivery occurred >48 hours after amniotic fluid 


collection. 


three groups as discriminated by the combination of 
the leukotaxis assay and other antepartum, clinically 
useful microbiologic tests for intraamniotic infection. 
Patients with idiopathic preterm labor with detectable 
amniotic fluid leukoattractants and a negative Gram 
stain (group 2, Fig. 1) failed attempts at tocolysis, with 
the exception of one patient who was delivered at 25 
weeks, one week after amniocentesis and initial toco- 
lysis, with stage III or severe histologic chorioamnio- 
nitis and funisitis. The patients in groups 1 and 2 are 
not currently separable, after initial clinical and am- 
niotic fluid assessment. Groups 1 and 2 are only distin- 
guishable by the subsequent response to tocolysis and 
presence (group 2) of histologic chorioamnionitis, the 
latter being accurately predicted by the presence of 
amniotic fluid leukoattractants. This is similar to pre- 
vious reports by Romero et al.” showing three groups 
of patients in preterm labor with significantly different 
levels of cytokines or inflammatory mediators in the 
amniotic fluid; the highest levels were found in patients 
with intraamniotic infection (positive amniotic fluid cul- 
ture) and intermediate levels were found in patients 
with negative cultures who failed tocolysis. 

Patients in group 2 (positive leukotaxis and negative 
Gram stain) also did not differ in gestational age at 
presentation when compared with group 3 (positive 
leukotaxis/positive Gram stain), suggesting that the 
presence of leukoattractants in amniotic fluid is a rapid 


precursor to intraamniotic infection. Groups 2 and 3, - 
however, were both seen at a significantly earlier ges- | 


tational age compared with group 1 (negative leuko- 
taxis and negative Gram stain). This agrees with pre- 
vious reports of patients with intraamniotic infection 


at an earlier géstational age than patients with preterm `. 


labor without intraamniotic infection.” . 
Inconsistent results of adjunctive antibiotic use in id- 
iopathic preterm labor'*”° is possibly related to the in- 
ability to accurately identify the individuals most likely 
to benefit from this therapy. The data'presented sug- 


gest that group 2 represents patients in preterm labor 
with intrauterine infection detected before extension 
of the ascending infection into the amniotic cavity. 
Among the three groups, group 2 is then most likely 
to benefit from the addition of antibiotic therapy to the 
tocolytic regimens currently used. Furthermore, pē- 
tients in idiopathic preterm labor without detectable 
amniotic fluid leukoattractants (group 1) are success- 
fully managed with the tocolytic regimens currently 
used. This suggests the following: (1) that these patienrs 
are unlikely to benefit from adjunctive antibiotic ther- 
apy and (2) that because of the very high rate of to- 
colytic failure among patients with detectable amniotic 
fuid leukpattractants group 1 should be separately 
evaluated in future clinical trials of tocolytic efficacy 
not using antibiotics. 

In summary, detection of amniotic fluid leukoattrac- 
tants by the leukotaxis assay accurately identifies his- 
tologic chorioamnionitis and predicts tocolytic efficacy 
in patients with idiopathic preterm labor. The assess- 
ment for amniotic fluid leukoattractants by the leuko- 
taxis assay may allow therapy to be accurately directed 
toward the group(s) most likely to benefit from mea- 
sures other than traditional tocolysis. Continued eval- 
uation of the groups of patients with detectable am- 
niotic fluid leukoattractants fe.g., identification of 
specific leukoattractants) is likely to clarify our under- 
standing of the involvement of infection in preterm 
labor, histologic chorioamnioniiis, and the initiation of 
labor. 
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Computerized measurement of heart rate variation in fetal 
anemia caused by rhesus alloimmunization 


D.L. Economides, MD, M. Selinger, MD, J. Ferguson, P.J. Bowell, G.S. Dawes, MD, and 


I.Z. Mackenzie, MD 
Oxford, England 


OBJECTIVE: The purpose of this study was to examine the relationship between fetal heart rate variation 


and fetal hematocrit. 


STUDY DESIGN: In 36 red-cell alloimmunized pregnancies (mean gestational age 30, range 25 to 36 
weeks) 65 computerized fetal heart rate recordings were obtained before ultrasonographically guided fetal 
blood sampling for the measurement of fetal hematocrit. The recordings were captured and analyzed by a 
microcomputer on-line. Fetal heart rate variation in anemic fetuses was accurately measured. 

RESULTS: Significant positive correlations between short-term or long-term heart rate variation and fetal 
hematocrit have been demonstrated even after adjusting for the effect of gestation (r = 0.60, n = 65, 
p<0.01, y = 19.264 + 0.913x — 0.003x*; r = 0.52, n = 65, p < 0.01, y = 21.13 + 0.858x — 0.003x?, 
respectively). The relationship was best described by a quadratic model. When short-term variation was 
<5 milliseconds or long-term variation was <30 milliseconds, the positive predictive values for fetal 
hematocrit of <30 were 85% and 90%, and the negative predictive values 56% and 57%, respectively. 
CONCLUSION: Computerized recording and analysis of fetal heart rate variation may prove to be a useful 
noninvasive tool for assessing fetal anemia in red-cell alloimmunization. (AM J OBSTET GYNECOL 


1992;167:689-93.) 


Key words: Fetal heart rate variation, computer analysis, red-cell allotmmunization, 


cordocentesis, fetal hematocrit 


In the modern management of red-cell alloimmu- 
nized pregnancies fetal blood sampling is performed 
to assess the degree of fetal anemia before therapy. 
However, this procedure is not without risk to the fe- 
tus,’ and it would be better if reliable noninvasive tech- 
niques could be used instead. Among noninvasive tests 
fetal heart rate (FHR) monitoring is common. Some of 
the most pathologic FHR patterns, including sinusoidal 
rhythms, have been associated with red-cell alloim- 
munization; however, these patterns are only evident 
in severe disease and are often preterminal.** Although 
visual inspection of FHR patterns sometimes identifies 
the seriously anemic fetus, significant changes appear 
late and the FHR pattern has not been found to be 
sufficiently sensitive in predicting mild to moderate 
anemia.“ 

Visual interpretation of FHR patterns results in sig- 
nificant interobserver and intraobserver variation so 
great as to compromise its usefulness.“ During the past 
12 years a numeric analysis of FHR patterns has been 
developed with an on-line computer.’ Observer varia- 
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tion is eliminated, and the FHR components are ac- 
curately measured and reported; the short- and long- 
term FHR variations are measured.® To assess whether 
this system can be used to detect anemia before cardiac 
decompensation develops, computerized recording 
and analysis of the FHR patterns were obtained in red- 
cell allotmmunized pregnancies before ultrasono- 
graphically guided fetal blood sampling was per- 
formed. 


Materia! and methods 


In 36 red-cell alloimmunized pregnancies 65 corn- 
puterized FHR recordings were obtained immediately 
before ultrasonographically guided fetal blood sam- 
pling for the measurement of fetal hematocrit. Nine- 
teen fetuses had 1 computerized recording; 10 had 2; 
3, 3; 3, 4; and 1, 5. Thirty patients had significant anti- 
D, 3 anti-Kell, 1 anti-c, 1 anti-Cw, and 1 anti-Jkb an- 
tibodies. Fetal blood sampling was performed when ma- 
ternal anti-D quantitation was >10 IU/ml and when 
the other antibodies had titers of =64 as described pre- 
viously.° The mean gestational age was 30 weeks (range 
25 to 36 weeks). All fetuses were scanned before the 
procedure; five fetuses showed ultrasonographic evi- 
dence of hydrops. 

Fetal blood sampling was performed after maternal 
sedation with intravenous diazepam and local anestre- 
sia to the skin. Blood was taken from the umbilical cord 
into dry syringes (1.5 ml) for hematocrit and fetal blood 
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Table I. Gestation, hematocrit, and fetal-heart 
rate variables in 65 records from 36 red-cell 
alloimmunized fetuses 


Gestation (wk) 30 25-36 
Hematocrit (%) 23:9 13-44 
Short-term variation (msec) 6.78 2.1-15.5 
Long-term variation (msec) 37.7 14-80 
Heart rate (beats/min) 139 123-160 
Accelerations (No./hr) ' 6.54 0-30 
Recording time (min) 24.6 10-60 
0-22.9 


Signal loss (%) 2.57 


group tests at first sampling. Hematocrit was measured 
directly with a microhematocrit centrifuge. Fetal origin 
- of blood was confirmed by Kleihauer testing. 

FHR recordings were obtained with monitors (Hew- 
lett-Packard 8040, Boblingen, Germany), The data 
were captured and analyzed by an on-line microcom- 
puter (Apricot Xen, Apricot Computers, Scotland).® 
Valid pulse intervals were averazed over epochs of 3.75 
seconds (1/16 minute) and a baseline was fitted.”° Signal 
loss was calculated as the proportion of epochs for 
which no valid pulse interval was available. Because the 
fetal monitor measures pulse intervals, not heart rate, 
calculations of FHR variation are reported in millisec- 
onds. Outline values attributed to monitor errors were 
detected and eliminated.” 

Large changes in heart rate from the baseline are 
identified as accelerations (intensity >10 beats/min; 
duration >15 seconds) or decelerations (intensity >10 
beats/min; duration >1 minute or >20 beats/min and 
>0.5 minute, or >25 beats/min and 0.25 minute). In 
each minute the computer acquires 16 measurements 
of fetal pulse interval, each averaged over 3.75 seconds. 
The difference between minimum and maximum is 
calculated as the minute range, and the mean minute 


range of the record is used as an index of long-term | 


FHR variation. Several adjustments are made: First, 
minutes in which a deceleration occurs are excluded. 
Second, if the minute under corsideration forms part 
of a prolonged acceleration, the range is calculated 
from the baseline. ‘These adjustments ensure that long- 
term variation (the mean minute range) is biased to- 
ward recording accelerative FHR variation, the main 
characteristic of the normal record.’ Because sinusoidal 
rhythms may have an amplitude sufficiently great to 
be detected as an episode of high variation that could 
give false reassurance, the computer has been pro- 
grammed to record both short- and long-term FHR 
variation. Short-term FHR variation is calculated as the 
average of successive epochal (1/16 minute) difference, 
decelerations being excluded. During the recording the 


mother signals all fetal movements with a hand-held 


‘button. The duration of the FHR trace is determined 
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by the on-line analysis. If an episode of high variation 
is identified with no large deceleration and at least one 
fetal movement or three accelerations, a message Is dis- 
played advising that recording may be stopped; other- 
wise it lasts 60 minutes. l 

Statistical analysis. The results were analyzed with 
the Statistical Package for Personal Computers P. Roys- 
ton (London, England). Fetal hematocrit and heart rate 
variation change with gestational age (hematocrit [per- 
cent] = 27 + 0.5 x gestation’; short-term variation 
(milliseconds) = — 0.702 + 0.281 x gestation; _ long- 
term variation (milliseconds) = 8.518 + 1.079 gesta- 
tion’). To allow for the effect of gestation, the observed 
values for hematocrit, short-term, and long-term vari- 
ation were expressed as a percentage of the appropriate 
mean for gestation. For example, the degree of anemia 
(percent) = observed hematocrit/mean for gesta- 
tion X 100. Regression analysis was performed be- 
tween the heart rate variation (percent), the degree of 
anemia (percent), and the observed values of hemat- 
ocrit and FHR variation. l l 

Anemia was regarded as severe if the measured he- 
matocrit was <50% of the appropriate mean for ges- 
tation, moderate if 50% to 75%, and mild if 75% to 
85%. An intrauterine transfusion was normally per- 
formed if the measured hematocrit was <30 (i.e., for 
the mean gestational age of 30 weeks, the anemia was 
treated if the measured hematocrit was <75% of that 
expected). 


Results 


The mean and range of hematocrit and FHR vari- 
ables are shown in Table I. Mean signal loss was low. 
Both short- and long-term variation were significantly 
correlated with fetal hematocrit (Figs. 1 and 2: 
r= 0.60, n = 65, p<0.05 and r= 0.54, n = 65, 
p < 0.05, respectively) even after the effect of gestation 
was taken into account (Figs. l and 2: r = 0.60, n = 65, 
p< 0.01 andr = 0.52, n = 65, p < 0.01, respectively). 
The equations describing these relationships are given 
in the figures because they might prove useful in pre- 
dicting fetal hematocrit. When short-term variation was 
<5 msec or long-term variation was <30 msec, the pos- 
itive predictive values for fetal hematocrit of <30 were 
85% and 90% and the negative predictive values 56% 
and 57%, respectively. After correcting for the effect 
of gestation the predictive values were similar. When 
analysis was restricted to first samples from each preg- 
nancy, the correlations were similar: short-term varia- 
tion versus fetal anemia (r = 0.62, n = 36, p < 0.001; 
y = 2.57 + 1.229x — 0.005x*); long-term variation 
versus fetal anemia (r = 0.66, n = 36, p< 0.001; 
y = ~ 10.384 + 1.448x — 0.006x*). Short- and. long- 
term variations were strongly correlated (r = 0.84, 
n = 65, p < 0.0001). 
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Fig. 1. Correlation between short-term FHR variation and fetal hematocrit is demonstrated (r = 0.60, 
n = 65, p< 0.05; y = 10.99 + 3.752 — 0.15x’). Also shown is correlation between two variables 


expressed as a percent of mean for 
y = 19.264 + 0.913x — 0.003x*). 


‘There was a weaker correlation between the number 
of accelerations per hour and the degree of fetal anemia 
(r = 0.32, n = 65, p < 0.01). There were no significant 
correlations between fetal movements per hour or basal 
heart rate and the degree of fetal anemia (r = 0.11, 
n = 65, p = 0.39 andr = —0.19, n = 65, p = 0.125, 
respectively). Decelerations were seen in five recordings 
(three in hydropic fetuses), and there was only one 
sinusoidal pattern. 


Comment 
Fetal anemia is a well-recognized cause of pathologic 


FHR patterns. Previous investigators have focused on 
sinusoidal and decelerative patterns, but these are as- 


gestational age (r = 0.60, 


n= 65, p<0.01; 


sociated with severe disease and are uncommon.”? Our 
study with computerized analysis of FHR patterns in 
red-cell alloimmunized pregnancies has measured FHR 
variation in anemic fetuses. A strong correlation be- 
tween FHR variation and hematocrit has been dem- 
onstrated, and the relationship was best described by a 
quadratic model. The correlation curves were very sim- 
ilar when first samples from each pregnancy only were 
analyzed and even after corrections were made for the 
effects of gestation. This similarity is of clinical impor- 
tance when monitoring rhesus-alloimmunized preg- 
nancies undergoing repeated samplings and transfu- 
sions with adult red blood cells. 

In severe disease when short-term FHR variation was 
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Fig. 2. Correlation between long-term FHR variation and fetal hematocrit is demonstrated (r = 0.54, 
n = 55, p< 0.05; y = 9.98 + 0.738x — 0.006x"). Also shown is correlation between two variables 


expressed as a percent of mean for 
y = 21.13 + 0.858x — 0.003x%). 


reduced to less than half of the appropriate mean for 
gestation all seven fetuses were severely anemic. When 
the short-term variation was moderately reduced (50% 
to 75%), the majority of fetuses (15/18; 83%) were 
moderately anemic. Therefore a moderate or severe: 
reduction in FHR variation strongly suggests significant 
anemia in these pregnancies (positive predictive value 
88%). On visual analysis of FHR patterns and with 45 
different classifications Nicolaides et al.* found that the 
negative predictive values of abnormal FHR with re- 
spect ta anemia were 18% to 40%, depending on the 
classification used. In computerized analysis of FHR 


gestational age 


(r = 0.52, n= 65, p<0.01; 


variation the negative predictive values of short- and 
long-term variations were 55% to 57%. Although com- 
puter analysis is an improvement on the visual FHR 
pattern interpretation, anemia cannot be excluded by 
an apparently normal FHR variation. However, when 
short-term variation was 75% to 100% of the appro- 
priate mean for gestation, only one fetus was severely 
anemic; when above the appropriate mean for gesta- 
tion, only 1 of 19 fetuses was moderately anemic. Fur- 
ther longitudinal studies of the progressive changes in 
FHR variation of individual fetuses may improve the 
predictive accuracy of this noninvasive test. 
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Other causes for reduced FHR variation include 
chronic hypoxemia and acidemia in intrauterine 
growth retardation and preeclampsia.” In 44 fetuses 
with reduced short-term variation, values <2.6 msec 
identified all five terminal cases and three of four pre- 
terminal cases with metabolic acidemia at birth.? The 
situation for anemic fetuses with very low short-term 
variation is different because of the availability of in- 
trauterine treatment. One of the lowest short-term vari- 
ations (2.8 msec) observed in our study was in hydropic 
fetus (hematocrit 15%) at 30 weeks in which the only 
sinusoidal pattern was recorded. After intravascular 
transfusion the sinusoidal pattern disappeared =12 
hours; at 36 hours short-term variation was increased 
to 3.8 msec. Seven days later the short-term variation 
(6.9 msec) and hematocrit (39%) were normal. 

Significant decelerations were present in five record- 
ings; in all occasions the fetuses were moderately-se- 
verely anemic. Similarly, Sadovsky et al. demonstrated 
that decelerative FHR patterns are strongly suggestive 
of fetal anemia. However, in our study the majority of 
fetuses with moderate or severe anemia did not have 
decelerations. Although accelerations were correlated 
with the degree of anemia, the correlation was weak. 
Other variables, such as basal heart rate and the rec- 
ognition of fetal movements recorded by the mother, 
were not significantly correlated with anemia. 

The indications for fetal blood sampling in pregnan- 
cies complicated by maternal red-cell antibodies and 
the timing of blood sampling and intrauterine trans- 
fusions are still to be established. This is especially true 
in pregnancies complicated by anti-Kel]l and anti-c an- 
tibodies in which severe clinical problems are less fre- 
quent. Computerized recording and analysis of FHR 
variation may prove to be a useful noninvasive tool in 
the management of such patients. However, this can 
only be assessed prospectively, and future investigation 
of the progressive changes of FHR variation in indi- 


vidual pregnancies could help resolve some of these 
difficulties. 


We thank Karen Hughes, Tansy Cheston, and June 
Jennings for their help recording the FHR patterns. 
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Transverse transperineal repair of rectovaginal fistulas in the 


lower vagina 


Anne K. Wiskind, MD, and John D. Thompson, MD 
Atlanta, Georgia 


OBJECTIVE: The management of a rectovaginai fistula is a significant challenge for the patient and the 
surgeon, with many acceptable surg cal techniques for repair. The transverse transperineal repair is a 
method that preserves an intact external anal sphincter, allows wide mobilization of rectal and vaginal 
tissues, and closes the fistula with at least five layers of tissue. We have used this technique in patients 
with rectovaginal fistulas in the lower vagina for the past several years and recently reviewed our results. 
STUDY DESIGN: A chart review of 21 patients who had a transverse transperinéal repair of a rectovaginal 
fistula in the lower vagina in our institutions from 1983 to 1990 was performed. 

RESULTS: All patients had a satisfactory recovery with no recurrence of a fistula during a follow-up period 
ranging from 3 months to 8 years (mean 18 months). The series includes seven patients with Crohn's 


disease and/or previous failed repairs. 


CONCLUSIONS: Our experience suggests this method provides excellent anatomic and physiologic 
results with minimal morbidity. (Am J Osster GYNECOL 1992;167:694-9.) 


Key words: Rectovaginal fistula repair, anal sphincter 


There are few circumstances more unacceptable to 
a patient than a rectovaginal fistula. Common symp- 
toms associated with this disorder include chronic vag- 
inal discharge, dyspareunia, and the passage of flatus 
or stool through the vagina. 

- Rectovaginal fistulas occur most commonly as a result 
of obstetric trauma, usually from the breakdown of a 
repaired third- or fourth-degree perineal laceration.or 
from unrecognized injury at the time of forceps or 
precipitate vaginal delivery. Necrosis of the vaginal sep- 
tum from prolonged compression by the presenting 
fetal part is: still a predisposing factor in developing 
countries but has largely been eliminated in this country 
through improvements in: obstetric care. Rectovaginal 
fistulas also occur as secondary complications of diffi- 
cult hysterectomies, as well as surgical procedures in- 
volving the posterior vaginal wall, anus, and rectum. A 
less common cause is malignancy involving the recto- 
vaginal septum, usually originating in the cervix or va- 
gina, especially when the patient’s therapy includes pel- 
vic irradiation. Inflammatory processes such as Crohn’s 
disease; diverticulitis, perirectal and pelvic abscesses, 
and, rarely, tuberculosis and lymphogranuloma vener- 
eum have also been implicated in the etiology of rec- 
tovaginal fistulas. Other rare causes include vaginal 
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trauma, leukemia, aplastic anemia, agranulocytosis, 
and endometriosis.” 

Most rectovaginal fistulas of obstetric origin are lo- 
cated in the lower third of the vagina and may be as- 
sociated with thinning of the perineum and incompe- 
tence of the anal sphincter. Fistulas resulting from op- 
erative trauma, malignancy, or inflammatory processes 
can develop anywhere along the rectovaginal septum. 
The management varies with the cause, the anatomic 
alteration, and the location of the defect. Basic prin- 
ciples essential for a successful repair include wide mo- 
bilization of tissues around the vaginal and rectal ori- 
fices of the fistula, excision of the entire fistula tract, 
meticulous closure of the rectal orifice, and reapprox- 
imation of broad tissue surface to Proana surface without 
tension. 

- Although Barton of Philadelphia is credited with 
accomplishing the first cure of a rectovaginal fistula 
using a seton in. 1840, most early attempts at surgical 
repair of rectal fistulas consisted of splitting the peri- 
neum vertically and allowing the wound to heal by 
granulation. Postoperative control of feces and. flatus 
was seldom obtained in these patients. 

In the late nineteenth century, satisfactory results 
were achieved by the adaptation of Tait’s technique of 
perineorrhaphy to the repair of rectovaginal fistulas. 
The perineum was incised transversely midway be- 
tween the anus and vagina. The vaginal wall was sep- 
arated from the rectum well above the upper limit of 
the fistula. The fistula openings in the vaginal and rectal 
walls were sutured separately and the penecum was 
reconstructed.®*” 

Although the modification of the Tait operation was 
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Fig. 1. Fistula tract has been identified with a wire probe. Dotted 
line indicates where transverse perineal incision should be 
made. Injection of perineal tissues with sterile saline solution 
before incision is made will facilitate dissection. 


used with success at the turn of the century, it has 
become almost forgotten in recent years. At present, 
methods of repair of rectovaginal fistulas in the lower 
vagina include perineoproctotomy followed by a lay- 
ered closure, similar to the repair of a fourth-degree 
perineal laceration; transvaginal repair; transrectal re- 
pair; anterior rectal wall flap advancement; and the 
transperineal repair described in this report.* **'° All 
of these procedures have acceptable success rates for 
cure ranging from 70% to 100%.**"° Gynecologists will 
commonly use either perineoproctotomy or a trans- 
vaginal approach. However, a disadvantage of the per- 
ineoproctotomy is the requirement that an intact anal 
sphincter, if present, be transected and repaired, which 
may result in improper healing and scarring with im- 
pairment of sphincter function. Furthermore, post- 
operative infection may result in chronic painful in- 
flammation with edema and spasm of the levator ani 
muscle.'' Postoperative abscess formation may also de- 
stroy the integrity of the external anal sphincter. A 
transvaginal approach spares the sphincter, but ade- 
quate mobilization of tissue necessary for a successful 
repair may be difficult and vaginal constriction may 
result. 

We suggest that the transverse transperineal ap- 
proach to the repair of lower rectovaginal fistulas, 
which preserves the anal sphincter, is an effective 
method of repair with minimal morbidity. We have 
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Fig. 2. Dissection between anterior rectal wall and posterior 
vaginal wall is carried laterally well around fistula with scissors. 
Wide mobilization is necessary. 


used this approach at our hospitals for the past 7 years 
and recently reviewed our results. 


Material and methods 

The charts of patients with a diagnosis of rectovaginal 
fistula at Emory University Hospital and Grady Me- 
morial Hospital from 1983 to 1990 were reviewed. In- 
formation sought included location, duration, cause, 
and size of the fistula. Clinical features including pre- 
senting symptoms, previous repairs, associated malig- 
nancies or inflammatory bowel disease, and prior ir- 
radiation therapy were also noted. All operative reports 
were reviewed carefully. Postoperative complications 
and follow-up were recorded. 

Technique. Surgical repair of a rectovaginal fistula 
should be delayed until the tissues are healthy without 
evidence of infection or induration. Rectovaginal fis- 
tulas of obstetric origin are usually surrounded by well- 
vascularized tissues that are likely to heal well. However, 
they are ready for repair only after complete resolution 
of infection and induration, which in our experience 
usually requires a minimum of 3 months. Postirradia- 
tion rectovaginal fistulas may require a much longer 
time before the tissues are suitable for repair. A tem- 
porary diverting colostomy may be necessary in patients 
with postirradiation fistulas, but one is rarely needed 
for obstetric, postoperative, or traumatic fistulas. Pa- 
tients with Crohn’s disease should undergo repair while 
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Fig. 3. Fistula tract is completely transected by sharp dissec- 
tion. Posterior vaginal wall and anterior rectal wall are widely 
mobilized, especially superior and lateral to fistula. 


the disease process is in remission. While resolution of 
induration is occurring, a mild degree of constipation 
will usually allow reasonable fecal continence and better 
patient comfort if the fistula is small. 

To decrease the risk of postoperative infection and 
to optimize tissue healing, the bowel should be thor- 
oughly cleansed preoperatively. We recommend clear 
liquids for 2 days before admission. The day before 


surgery the patient is asked to consume 1 gallon of 


Golytely bowel cleansing preparation over 3 or 4 hours, 
and three doses of oral erythromycin and neomycin are 
given. That evening, tap water enemas are given until 
the rectum is clean. 

At the time of surgery, a careful pelvic examination 
is performed to delineate the fistula tract. The patient 
is then prepared and draped while in the dorsal lith- 
otomy position. The perineal tissues are injected with 
sterile normal saline solution to facilitate dissection. We 
do not recommend adding vasoconstricting agents (epi- 
nephrine, vasopressin) to the injection solution because 
these can produce tissue ischemia and interfere with 
local host defense mechanisms against infection.” 

A transverse incision is made across the perineal body 
above the anal sphincter (Fig. 1). The perineal skin is 
mobilized superiorly by sharp dissection. Dissection be- 
tween the anterior rectal wall and posterior vaginal wall 
is carried laterally well around the fistula and continued 
superiorly several centimeters above the fistula (Fig. 2). 
Sterile normal saline solution is injected repeatedly to 
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Fig. 4. Vaginal mucosa and subvaginal fascia have been closed 
longtiudinally. Scar tissue from margin of rectal orifice of fis- 
tula is removed with scissors. 


facilitate dissection in the appropriate tissue planes. 
With the surgeon operating through the transverse 
perineal incision, the fistula tract is completely tran- 
sected by sharp dissection (Fig. 3). The posterior vag- 
inal wall and anterior rectal wall are widely mobilized, 
especially above the fistula where the vagina and rectum 
are loosely connected. 

Scar tissue is removed from the margin of the vaginal 
orifice of the fistula, and the vaginal mucosa is ap- 
proximated longitudinally with interrupted 3-0 delayed 
absorbable sutures, with care taken that the first suture 
is placed above the fistula margin. Interrupted sutures 
are then placed on the undersurface of the posterior 
vaginal wall to reinforce the closure with a second layer. 

Scar tissue from the margin of the fistula orifice in 
the anterior rectal wall is removed with scissors (Fig. 
4). The anterior rectal wall defect is closed transversely 
with interrupted 3-0 delayed absorbable sutures, with 
the first suture placed beyond the lateral margin of the 
fistula orifice (Fig. 5). These sutures should invert the 
rectal mucosa without tension. A second layer of in- 
terrupted delayed absorbable sutures is placed in the 
anterior rectal wall transversely, imbricating the first 
line of sutures and reinforcing the closure. 

The puborectalis muscles are next approximated in 
the midline with 2-0 delayed absorbable sutures (Fig. 
6). This provides an additional layer of tissue between 
the anterior rectal wall and posterior vaginal wall and 
reinforces the closure of the fistula. If needed, a bul- 
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Fig. 5. Anterior rectal wall defect is closed transversely with 
interrupted 3-0 delayed absorbable sutures. First suture is 
placed beyond lateral margin of fistula orifice. Because of wide 
mobilization of tissues, margins of defect are clearly visible. 


bocavernosus flap can be mobilized and transposed be- 
neath the posterior vaginal wall. This provides yet an- 
other layer of tissue between the vagina and rectum 
and introduces additional blood supply should these 
tissues be poorly vascularized because of previous scar- 
ring, irradiation, or inflamamtory bowel disease. If nec- 
essary, to restore their competence, the external anal 
sphincter muscles can also be repaired at this ume. 

The transverse perineal muscles and subcutaneous 
tissue of the perineum are approximated with inter- 
rupted sutures of 3-0 delayed absorbable suture. The 
skin is closed with interrupted sutures of 4-0 delayed 
absorbable suture (Fig. 7). Paradoxic anal incisions 
were not used and are not considered appropriate. 

A delayed absorbable synthetic suture is superior to 
catgut for rectovaginal fistula repairs because the knot 
is more secure, the tensile strength is maintained lon- 
ger, and tissue reaction is decreased.'* '' Indeed, these 
improved suture characteristics may be responsible for 
better results with fistula repair. 

Postoperatively the patient’s diet is restricted to clear 
liquids for 3 days, followed by a low-residue diet and 
stool softeners for 3 weeks. The perineum is exposed 
to a heat lamp three times a day for several days. 


Results 

Twenty-one patients had a transverse transperineal 
repair of a rectovaginal fistula in the lower vagina dur- 
ing the study period. They ranged in age from 10 to 
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Fig. 6. Tissues of perineal body, including puborectalis muscle, 
are approximated in midline with 2-0 delayed absorbable su- 
tures, reinforcing closure of fistula. 





Fig. 7. Perineal skin is closed with interrupted 4-0 delayed 
absorbable sutures. 


53 years with an average of 32 years. The most common 
presenting symptom in these patients was the passage 
of stool and gas from the vagina, with a foul odor and 
pain at the introitus as the only symptom in two pa- 
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Table I. Patients with previous failed rectovaginal fistula repair 














Age of 
patient 
(yr) 







Cause of fistula 


l 28 Obstetric 

= 55 Postvaginal hysterectomy 
3 34 Crohn’s disease 

4 33 Unknown 

5 48 Crohn’s disease 

6 44 Crohn’s disease 

7 44 Perianal abscess 


Size of 
fistula 














Duration of 


No. and type of previous 
fistula (yr) 


repairs 





“Tiny” 5 l. Perineoproctotomy 
2. Unknown 
“Pinpoint” 5 l. Transvaginal 
2. Transvaginal 
l cm l l. Perineoproctotomy 
l cm 5 l. Perineoproctotomy 
0.5 cm 3 1. Unknown 
2. Unknown 
0.5 cm 3 l. Fistula repair at 
time of total 
vaginal hysterec- 
tomy, posterior 
repair 
3-4 mm 2 l. Primary repair 


with diverting 
colostomy 
2. Unknown 


-————————————————————————————— EEE 


tients. In 10 patients the rectovaginal fistula was sec- 
ondary to obstetric trauma. The fistula was associated 
with Crohn’s disease in three patients and developed 
after a perianal abscess in two patients. Other causes 
of the fistulas in our patients included vaginal trauma 
(n = 1), vaginal foreign body (n = 1), endometriosis of 
the rectovaginal septum (n = 1), and vaginal hyster- 
ectomy (n = 1). In two patients the cause of the fistula 
could not be determined. The rectovaginal fistulas all 
measured <3 cm and had been present for a time rang- 
ing from 4 weeks to 15 years. Seven patients had pre- 
vious surgical repairs that failed, with five of these hav- 
ing had two previous repairs. Further details of these 
patients are summarized in Table I. Five of the 21 pa- 
tients had attenuated anal sphincters, which were re- 
vised during the procedure. 

The technique was well tolerated by the patients, and 
18 were discharged on postoperative day 2 or 3. A 
recent procedure was done as a day case. In two patients 
urinary retention developed postoperatively and re- 
solved after 24 hours of catheter drainage. Another 
two patients had an abdominal hysterectomy for en- 
dometriosis at the time of fistula repair, with one re- 
quiring a diverting colostomy because of an endome- 
triotic mass at the rectovaginal septum. The colostomy 
was closed 3 months later with good results. 

No patients in our series have had a recurrence of 
the rectovaginal fistula since the repair, including those 
with Crohn’s disease and/or previous failed repairs. 
The period of follow-up ranges from 3 months to 8 
years, with a mean of 18 months. The only major com- 
plication was a postoperative abscess in one patient, 
which ruptured spontaneously. She subsequently had 
a persistent fistulo in ano and required a fistulectomy 
6 months after the initial repair. One patient with 
Crohn’s disease required a total colectomy for wors- 


ening disease 3 years after rectovaginal fistula repair, 
but the fistula had not recurred. 

Anatomic results have been excellent with good per- 
ineal support and maintenance of vaginal capacity. Two 
patients have had children since the fistula repair. Both 
were delivered by elective cesarean section on advice 
from their obstetrician. 


Comment 


The transverse transperineal approach is an alter- 
native method for the repair of rectovaginal fistulas in 
the lower vagina, which deserves strong consideration. 
This technique preserves the intact external anal 
sphincter when present, while allowing wide mobili- 
zation of rectal and vaginal tissues, transection of the 
fistula tract, and wide separation of the fistula orifices 
through the interposition of approximated puborec- 
talis muscles. At least five layers of tissue are interposed 
during the repair for a secure closure. Attenuated anal 
sphincter muscles can easily be repaired. With this ap- 
proach a bulbocavernosus flap may be used for rein- 
forcement when necessary. 

In 1984, Goligher’ reported the use of the transverse 
transperineal approach for rectovaginal fistula repair 
in five patients, all of whom were cured. Our series also 
demonstrates excellent results with minimal morbidity, 
even in patients with previous failed repairs. 

Our experience with a few patients with rectovaginal 
fistulas as a result of Crohn’s disease indicates that these 
may be successfully repaired without a diverting colos- 
tomy, provided the disease is in remission at the time 
of surgery. This is in agreement with the experience of 
Bandy et al.'® and others.” Emphasis on maximizing 
sphincter function is especially critical in patients with 
Crohn’s disease, as they are often prone to chronic 
diarrhea.” '* 
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Satisfactory results can be achieved with most current 
methods of rectovaginal fistula repair, providing the 
basic principles of fistula repair are adhered to. It is 
difficult to compare the efficacy of one technique with 
another. The method of rectovaginal fistula repair in 
the lower vagina will vary with the cause of the fistula, 
anatomic alteration, and often surgeon preference. 
The choice of operation is not as important as adhering 
to principles of adequate mobilization of tissue, excision 
of the entire fistula tract, the absence of tension along 
suture lines, and the appropriate timing of the surgical 
repair. However, the choice of operation may be im- 
portant for those who have an aversion to cutting an 
intact, properly functioning anal sphincter. Our ex- 
perience shows that transverse transperineal repair al- 
lows preservation of the sphincter and provides excel- 
lent anatomic and physiologic results. 


REFERENCES 
l. Rothenberger DA, Goldberg SM. The management of 


rectovaginal fistulae. Surg Clin North Am 1983;63:61-79. ° 


2. Greenwald JC, Hoexter B. Repair of rectovaginal fistulas. 
Surg Gynecol Obstet 1978;146:443-5, 

3. Pepe F, Panella: M, Arihian S, Panella P, Pepe G. Low 
rectovagina] fistulas. Aust N Z J Obstet Gynaecol 
1987;27:61-3. ` 

4. Stern HS, Dreznik Z. Rectovaginal fistula. Ady Surg 
1987;21:245-62. l 

5. Barton JR. A rectovaginal fstula—cured. Am J Med Sci 
1840;26:305-6. ` 


13. 
14. 


AG: 
16. 
17. 


18. 


Rectovaginal fistula repair 689 


. Mahfouz-Bey N. A new technique in dealing with superior 


rectovaginal fistulae. J Obstet Gynaecol Br Emp 
1934;41:579-87. 


. Munde P. My experience with the flap-splitting operation 


for lacerated perineum. Am J Obstet 1889;22:673-80. 


. Rosenshein NB, Genady RR, Woodruff JD. An anatomic 


classification of rectovaginal septal defects. AM J OBSTET 
GYNECOL 1980;137:439-42. 


. Stern H, Gamliel Z, Ross T, Dreznik Z. Reciovaginal fis- 


tula: initial experience. Can J Surg 1988;31:359-62. 


. Hibbard LT. Surgical management of rectovaginal fistulas 


and complete perineal tears. AM J OBSTET GYNECOL 
1978; 130; 139-4]. 


. Nichols DH, Randall CL. Vaginal surgery. 3rd ed. Balti- 


more: Wiliams & Wilkins, 1989:388-401. 


. England GT, Randall HW, Graves WL. Impairment of 


tissue defenses by vasoconstrictors in vaginal hysterecto- 
mies. Obstet Gynecol 1983;61:271-4. 

Sanz LE, Patterson JA, Kamath R, Willett G, Ahmed SW, 
Butterheld AB. Comparison of Maxon suture with vicryl, 
chromic catgut, and PDS sutures in fasctal closure in rats. 
Obstet Gynecol 1988;71:418-22. 

Dudzinski MR. Wound healing, surgical.instruments, ard 
suture material. In: Thompson JD, Rock JA, eds. Te- 
Linde’s operative gynecology. Philadelphia: JB Lippin- 
cott, 1991:209-38. 

Goligher J. Surgery of the anus, rectum and colon. 5th 
ed. London: Ballliére Tindall, 1984:208-11. 

Bandy LC, Addison A, Parker RT. Surgical management 
of rectovaginal fistulas in Crohn’s disease: AM J] OBSTET 
GYNECOL 1983; 147:359-63. 

Radcliffe AG, Ritchie JK, Hawley PR, Lunnard-Jones JE, 
Northover JMA. Anovaginal and rectovaginal fistulas in 
Crohn’s disease. Dis Colon Rectum 1988;31:94-9. 

Fry RD, Shemesh EI, Kodner IJ, Timmcke A. Techniques 
and results in the management of anal and perianal 
Crohn’s disease. Surg Gynecol Obstet 1989;168:42-8. 


Characterization of fetal body movement recorded by the 
Hewlett-Packard M-1350-A fetal monitor 


Terry D. Melendez, MD, William F. Rayburn, MD, and Carl V. Smith, MD 


Omaha, Nebraska 


OBJECTIVE: The purpose of this study was to evaluate the ability of a commercially avaiable monitor, the 
Hewlett-Packard M-1350-A fetal monitor, to record and discriminate between various fetal body 


movements. 


STUDY DESIGN: Twenty-four patients between 29 and 42 weeks’ gestation were monitored over a 20 to 
30 minute period simultaneously by the Hewlett-Packard instrument and ultrasonography. 

RESULTS: All 593 single or clustered fetal movements recorded by the monitor were seen 
ultrasonographically as being extremity movements that were either isolated or combined with trunk 
motion. Discriminating between these two types of movements was not possible on the basis of the 
duration of recorded movements. All adequate fetal heart rate accelerations were attributed to combined 
trunk and extremity movements. Detection of fetal hiccups was less exact, and recording of fetal hand, 
mouth, breathing, and rapid eye movements was beyond the sensitivity of the monitor. Signal artifacts 
were attributable to either motion of the maternal abdomen or Doppler transducer and became less of a 


problem with experience. 


CONCLUSION: Fetal extremity movements were recorded with accuracy by this new fetal monitor. (Am 


J Osstet GYNECOL 1992;167:700-2.) 


Key words: Fetal body movement, antepartum fetal testing, fetal monitor 


Monitoring fetal movement has long been an ac- 
cepted method of assessing feta: well-being in late ges- 
tation. Evidence of an active fetus is reassuring, whereas 
absence of movement is associated with fetal compro- 
mise and requires further biophysical assessment.’ Doc- 
umentation of fetal activity has depended on either 
maternal perception, tocodynamometry, or ultrasono- 
graphic visualization. Each technique has its limitations, 
but only ultrasonography provides a reliable quantifi- 
cation of fetal movement. 
= Recently, a monitor system known as a kinetocardi- 
otocograph has been developed for the automatic, 
time-synchronous recording of gross fetal body move- 
ment and fetal heart rate (FHR). The Hewlett-Packard 
M135-A (Hewlett-Packard, Boeblingen, Germany) fetal 
monitor ts now being promoted as an integrated mon- 
itoring unit for recording gross fetal body movement 
(the fetal movement profile), FHR, and uterine activity.’ 
‘The purpose of the current investigation was to eval- 
uate the ability of this kinetocardiotocograph to record 
and discriminate between fetal body movements that 
are visualized by ultrasonography. 
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Material and methods 


After approval was granted by our institutional re- 
view board, 24 mothers with singleton pregnancies 
agreed to enroll. All subjects were 29 to 42 weeks preg- 
nant and had been referred to our antenatal testing 
unit. For the study each patient was placed in a recum- 
bent position; the Hewlett-Packard monitor’s trans- 
ducer was secured on the maternal abdomen and di- 
rected at the fetal heart until the optimal signal strength 


* was shown on the monitor. Movements were automat- 


ically recorded as a crossbar on the monitor tracing, 
which was run at a paper speed of 3 cm/min. Examples 
of crossbar markings identified as single movements or 
clusters of movements are shown in Fig. 1, panel B. 
Simultaneously, a high-resolution, real-time ultra- 
sonographic transducer (General Electric 2600 3.5 
MHz, General Electric, Milwaukee) was moved on the 
maternal abdomen along the longitudinal axis of the 
fetus until the fetal lower chest, abdomen, and limbs 
could be visualized easily. Gross fetal body movements 
were characterized as being either combined trunk and 
extremity movements or isolated extremity movements. 
Fetal respiratory motion included breathing and strong 
diaphragmatic movements. Rapid eye, mouth, and 
hand movements were visualized intermittently. 
Observation, periods lasted between 20 and 30 min- 
utes. The ultrasoncgrapher was denied full view of the 
monitor tracing. All fetal movements observed by ul- 
trasonography were marked on the tracing (Fig. 1, B) 
with a handheld remote events marker. This marker 
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Fig. 1. Hewlett-Packard M-1350-A fetal monitor recording. Fetal body movements viewed ultrasono- 
graphically are recorded with events marker as movements between arrows (A). Monitor’s Doppler 
transducer is used to record cross-bar markings (B), which represent single or cluster movements. 


indicated the initiation and termination of episodes of 
movements. Types of observed movements were also 
charted by a second trained observer in the proper time 
sequence. The second observer was to note explana- 
tions fer any signal artifacts in which recorded move- 
ments were not observed to be those of the fetus. 


Results 


Twenty-four singleton gestations were examined. 
The maternal age was 25.5 + 5.8 years, (mean + SD) 
and gestational age was 36.3 + 3.9 weeks. Sixteen 
mothers (66.7%) were white, and eight (33.3%) were 
nulliparous. Primary indications for fetal testing in- 
cluded postdates (n = 5), reduced perceived fetal ac- 
tivity (n = 5), suspected fetal growth disparity (n = 5), 
hypertension (n = 2), diabetes (n = 2); and other 
(n = 5} 

During the total 672 minutes of observation 593 fetal 
movements were recorded; 486 (82%) were single 
movements and 107 (18%) were clusters of movements. 
Discrete single movements ascribed to fetal motion 
were zlways noted to be extremity movements, whereas 
clusters represented complex fetal motion such as pro- 
longed trunk and extremity movements that were roll- 
ing or sustained. It was not technically possible to dis- 
criminate between types of these specific fetal move- 
ments when the tracing alone was interpreted. 

Not all visualized body movements were recorded by 
the monitor. The smaller the movement, the less likely 
the monitor was to detect it. Specifically, for combined 


trunk and extremity movements 357 were observed 
ultrasonographically of which, 322 (90.2%) were re- 
corded on the monitor, for isolated extremity move- 
ments 288 were observed and 183 (63.5%) recorded, 
and for hiccups 178 were observed and 88 (49.4%) 
recorded. Breathing, rapid eye, mouth, and hand 
movements escaped detection by the monitor system. 

Signal artifacts that did not represent fetal move- 
ments were attributable to either maternal abdomen 
motion or repositioning of the Doppler transducer. 
The percentage of recorded movements found to be 
artifacts varied from case to case (mean 27%, range 57 
to 67%). In one case at the beginning the percentage 
of recorded movements attributable to artifacts was 
67%. In’ the remainder of cases =38% of recorded 
movements were from artifacts. With experience such 
artifacts occurred less often (range 5% to 10%) because 
the mother was instructed to remain motionless and 
the transducer was not moved. This observation was 
particularly true if the first minutes of recordings were 
deleted as the patient became more comfortable and 
attempts were made to properly place the transducer. 
Maternal coughing was an infrequent but uncontrol- 
lable cause of signal artifact. Maternal obesity (=200 
pounds) was not a factor. 


Comment 

Documentation of fetal body movements has a role 
in surveying fetal well-being. Methods for assessing fe- 
tal movement include maternal perception and ultra- 
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sonographic documentation. The use of Doppler ul- 
trasonography has been proposed as a method for doc- 
umenting fetal movement.*” Unprocessed raw signals 
hinder an analysis of movement patterns. Very-low- 
frequency signals that characterize fetal limb and trunk 
movements may be recorded with the new Hewlett- 
Packard monitor by passing the Doppler signal through 
a band filter.’ 

The Hewlett-Packard M-1350-A fetal monitor has 
been marketed as an integrated unit that provides 
Doppler ultrasonographic documentation of fetal 
movement associated with FHR patterns and uterine 
activity.? Additional knowledge obtained from this tech- 
nology may improve the specificity of antepartum FHR 
monitoring for the detection of fetal compromise. For 
example, the occurrence of an active fetus without FHR 
accelerations may suggest compromise.! Alternatively, 
the absence of both fetal activity and FHR accelerations 
would suggest a physiologic rest period as the cause for 
the nonreassuring heart rate pattern.” ' 

Before this technology can be applied to an obstetric 
population its limitations must be understood. In the 
current investigation all episodes of either single or 
cluster recordings of fetal movements were identified 
ultrasonographically as some form of fetal extremity 
motion. These movements took the form of an isolated 
kick or a more coordinated trunk and extremity move- 
ment, such as a stretch or rollover.’ However, it was 
impossible to distinguish between specific types of re- 
corded fetal body movement with this technology. The 
monitor was able to document visualized fetal activity 
in only 49.4% of the instances of hiccup but in 90.2% 
of combined trunk and extremity movements. Less ob- 
vious fetal movements such as rapid eye, breathing, and 
hand movements were not recorded. 

In addition to failing to record certain ultrasono- 
graphically evident fetal movements, the monitor oc- 
casionally recorded signal artifacts. Maternal abdomi- 
nal movements and repositioning of the Doppler beam 
were responsible for these nonfetal artifacts. With ex- 
perience in recognizing this limitation and reducing 
such extraneous movement we became better able to 
determine which recordings were truly those of fetal 
body movement. 
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A recent report by Besinger and Johnson’ investi- 

gated another commercially available kinetocardioto- 
cograph, the Toitu MT-320 fetal actocardiograph 
(Toitu Corporation, Tokyo), on 10 pregnant subjects. 
A similar number of Deppler signal artifacts was re- 
corded during the observation period. Sensitivity of 
their Doppler device was greater than our findings with 
the Hewlett-Packard monitor. The Toitu device re- 
corded 94.3% of isolated fetal limb movements, 95.6% 
of isolated spinal flexion and extension movements, 
97.1% of isolated rolling movements, and 100% of com- 
plex combined movements observed by ultrasonogra- 
phy. Recordings of the Hewlett-Packard monitor ap- 
pear to be more easily discernible for interpretation 
than those shown in the Toitu monitor report. 
The clinical potential for an earlier diagnosis of po- 
tential risk to the fetus may be possible with the si- 
multaneous recording of fetal movement and FHR 
during antepartum fetal assessment. With large, pro- 
spective investigations normal patterns of fetal body 
movement may permit a greater knowledge about fetal 
well-being when the traditionally used reactive FHR 
pattern is absent. In addition, the use of this nonin- 
vasive monitor may better characterize fetal mobility 
during the simultaneous recording of uterine contrac- 
tions during labor. 
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Blood and amniotic fluid contact sustained by obstetric 


personnel during deliveries 


Adelisa L. Panlilio, MD, MPH," Betty A. Welch, BSN,” David M. Bell, MD, 
Deretha R. Foy, RN, MPH,” Christine M. Parrish, RN, MS, Carl A. Perlino, MD,” * and 


Luella Klein, MD" € 
Allanta, Georgia 


OBJECTIVE: The objeczive of this study was to characterize blood and amniotic fluid contact sustained by 


obstetric personnel during deliveries. 


STUDY DESIGN: Trained observers collected data on 1376 person procedures during 230 deliveries at 
Grady Memorial Hospital from May to October 1989. Rates of contact were compared by means of the x? 


test. 


RESULTS: At least one blood or amniotic fluid contact occurred during 79 (39.1%) of 202 vaginal and 14 


(50.0%) of 28 cesarean deliveries; a needle stick occurred in 4 (2.0%) of the vaginal deliveries. 
Obstetricians and midwives had the highest rates of blood and amniotic fluid contact (18.7% and 28.8% of 
person procedures, respectively). Half of the contacts sustained by midwives might have been prevented 
by the use of gowns. Most contacts sustained by obstetricians might have been prevented by face shields. 


impervious gowns, and impervious shoe covers. 


CONCLUSIONS: Obstetricians and midwives had substantial risk of blood and amniotic fluid contact 
during delivery; many of their contacts were potentially preventable. (AM J OssteT GYNECOL 1992;167:703-8.} 


Key words: Obstetric blood—amniotic fluid contact, occupational blood~amniotic fluid 


contact 


The risk of occupational transmission of human im- 
munodeficiency virus (HIV) infection to obstetric per- 
sonnel is likely affected by several factors, including (1) 
HIV seroprevalence in patients, (2) nature and fre- 
quency of occupational exposures to HIV, and (3) risk 
of infection transmission per exposure. Although data 
exist on HIV seroprevalence rates among neonates and 
pregnant or parturient women'’ and on the risk of HIV 
infection after exposure to HIV-infected blood,*’ lim- 
ited data have been published on the nature and fre- 
quency of blood contact and/or amniotic fluid contact 
during deliveries.* ° To collect such information, we 
conducted an observational study, 


Methods. 


The study was conducted from May to October 1989 
at Gradv Memorial Hospital, a 950-bed inner-city mu- 
nicipal teaching hospital in Atlanta. In 1989, 8200 de- 
liveries (87% vaginal deliveries and 13% cesarean sec- 
tions) were performed. More than 90% of women giv- 
ing birth at Grady Memorial Hospital are tested for 
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. HIV antibody; the HIV-positive rate in 1989 was 0.8%. 


Approximately one third of the vaginal deliveries were 
performed by midwives. During the study period, the 
use of universal precautions, as recommended by the 
Centers for Disease Control,’ was official hospita. 
policy. The use of double gloves during invasive pro- 
cedures was not routinely practiced. 

Obstetric personne! during the study period included 
approximately 10 attending obstetricians, 33 obstetric 
house staff, 60 to 75 medical students, 25 midwives, 
and 84 obstetric nursing staff. Approximately 36 pe- 
diatricians rotated through the delivery area. These 
personnel had been informed that the study was being 
conducted. 

Two infection control practitioners monitored a sam- 
ple of deliveries performed during their weekday work- 
ing hours on the day shift. All deliveries were eligible 
for observation. If more than one delivery was available 
for observation, the imminent one was selected, with 
cesarean sections preferentially selected. : 

One investigator (A.L.P.) trained the two observers 
and another (C.M.P.) reviewed completed data collec- 
tion forms on an ongoing basis zo resolve any uncer- 
tainties. The two observers had previously collected 
data for an observational study in the operating room," 
using a simular form. 

A delivery was considered to begin when the par- 
turient was moved to the delivery room or, in birthing 


rooms, when the deliverer (usually a midwife) gloved 
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Table I. Blood and amniotic fluid contact by 
‘type of delivery and type of contact 


Type of shin contact 





Vaginal delivery (n = 202) 


Direct (no barrier protection) 47 49 14 4l 
Garment soakage 23 24 20 59 
Under glove* 20 2l 0 0 
Mucous membrane (eye splash) 2 2 0 0 
Percutaneous injury 4 4 0 0 
TOTAL 96 100 34 100 
Cesarean delivery (n = 28) 
Direct (no barrier protection) 5 31 2 40) 
Garment soakage 11 69 3 60 
Under glove 0 0 0 0 
Mucous membrane (eye splash) 0 0 0 0 
Percutaneous injury 0 0 0 0 
TOTAL 16 100 5 100 


*Fifteen occurred in absence of observed or self-reported 
glove tear or loss of glove integrity and 5 occurred as a result 
of glove tears or breakage. 


for delivery. A person-procedure was defined as one 
person in one delivery. Thus two person-procedures 
could be contributed by one person in two deliveries 
or by two persons in the same delivery. The identity of 
personnel observed was not recorded. 

Blood and amniotic fluid contacts were categorized 
as percutaneous injuries (i.e., needle sticks or cuts with 
other sharp objects), mucous membrane contacts, or 
skin contacts, (e.g., unprotected skin and garment soak- 
age). Skin contact caused by garment soakage was re- 
corded if observer assessment of visible soakage was 
confirmed by obstetric personnel report (by sensation 
or visual inspection) that the skin was wet. Skin contact 
was also recorded if blood was noted inside a glove that 
had not had a recognized cut, puncture, or tear. 

Percutaneous injuries were ascertained by direct vi- 
sualization by the observer and/or by voluntary re- 
porting of the injury by the worker immediately after 
it was sustained. Behavior suggestive of an injury, such 
as sudden withdrawal of a hand or changing of gloves, 
prompted the observer to ask if an injury had been 
sustained. The observers recorded narrative descrip- 
tions of these injuries. 

Data collected included type of delivery and, for 2ach 
person observed, occupation, length of time in delivery, 
protective barriers used, and type and number of blood 
and amniotic fluid contacts. After each delivery, the 
observer questioned the deliverer about his or her per- 
ception of the parturient’s risk for blood-borne infec- 
tion, HIV antibody and hepatitis B surface antiger. sta- 
tus, and illicit drug use by the patient, including intra- 
venous drugs and smoking of cocaine, which have been 
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associated with an increased risk of heterosexual trans- 
mission of HIV.” 

Data were analyzed by means of Epi-Info software 
(Centers for Disease Control, Atlanta). Rates were com- 
pared with the x’ test. 

Descriptive details for each blood and amniotic fluid 
contact sustained were reviewed to determine specific 
measures that might have prevented that contact. For 
instance, blood contact with unprotected skin on the 
hand was judged to be potentially preventable by the 
use of gloves; unprotected skin contact on the arm, 
preventable by the use ofa gown; and garment soakage, 
preventable by the use of an impervious barrier. 


Results 


We observed 202 (5.8%) of the 3489 vaginal deliv- 
eries and 28 (6.0%) of the 468 cesarean deliveries per- 
formed during the stucy period. The rates of blood 
and amniotic fluid contact varied by type of delivery 
contact with either blood or amniotic fluid was more 
frequent during cesarean section than during vaginal 
delivery. At least one contact occurred during 79 
(39.1%) of 202 vaginal deliveries and 14 (50.0%, 
p = 0.37) of 28 cesarean deliveries. Percutaneous in- 
juries (a subset of blood contacts) were all needle sticks 
and occurred in 4 (2.0%) of the vaginal deliveries; none 
were observed in cesarean deliveries. 

Blood contact was more frequent than amniotic fluid 
contact (Table I). Most blood and amniotic fluid con- 
tacts were cutaneous. For obstetricians and midwives, 
the distribution of the 44 unprotected skin contacts was 
as follows: face, n = 7 (15.9%); neck, n = 1; chest, 
n = 2 (4.5%); arm, n = 16 (36.4%); wrist or forearm, 
n = 6 (13.6%); and hand, n = 12 (27.3%). The 24 un- 
protected skin contacts sustained by personnel in other 
occupations were distributed as follows: face, n = 1; 
arm, n = 1] (45.8%); wrist or forearm, n = 4 (16.7%); 
and hand, n = 8 (33.3%). The locations of the 52 gar- 
ment soakages sustained by obstetricians and midwives 
were as follows: wrist or forearm, n = 8 (15.4%); arm, 
n = 13 (25.0%); chest, n = 1; leg, n = 4 (7.7%); lower 
leg or ankle, n = 5 (9.6%); foot, n = 19 (36.5%); and 
other or unspecified, n = 2 (3.8%). There were five 
garment soakages sustained by those in other occupa- 
tions: arm, n = 1; foot, n = 3; and other site, n = 1. 

All needle sticks occurred during the performance 
or repair of an episiotomy or laceration. None occurred 
during cesarean deliveries and none involved a known 
HIV — or hepatitis B surface antigen—positive patient. 
All were self-inflicted. All four individuals who sus- 
tained needle sticks were using single gloves; <4% of 
obstetricians and midwives wore double gloves during 
deliveries.. Of the 20 cutaneous blood contacts inside 
gloves, 15 occurred in tne absence of an observed or 
self-reported glove tear, cut, or puncture; all 15 oc- 
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Table II. Person procedures, blood and amniotic fluid contact, and percutaneous injury, by occupation 


and type of delivery 






No. of person- 
procedures 


Occupation observed 


Vaginal delivery 


Person-procedures 
with =1 blood or 
amniotic fluid contact 


Obstetrician 271 54 
Midwife 80 23 
Obstetric nurse or technician 110 4 
Pediatrician 144 5 
Other 466 7 
Cesarean delivery 
Obstetrician 82 12 
Scrub person 33 4 
Anesthetist 79 2 
Circulator 40 l 
Other 71 0 


*Percutaneous injuries are a subset of blood contacts. 





















Obstetric blood and amniotic fluid contacts 703 
Blood or amniotic Percutaneous 
fluid contact injury” 
Rate/ 100 Rate/ 100 
person- person- 
procedures No. procedures 
19.9 8] 99.9 3 1.1 
28.8 30 37.5 l 1.3 
3.6 5 4.5 Q 0 
3.5 5 3.5 0 0 
1.5 9 1.9 0 0 
14.6 13 15.9 0 Q 
12.1 5 15.2 0 0) 
2.5 2 2.5 0 Q 
2.5 I 2.5 0 0 
0 0 0 0 Q 


Table III. Frequency of blood or amniotic fuid contact by maternal risk status 


Deliveries with blood or 





amniotic fluid 
Deliveries 
Maternal risk status (No.) % 

HIV positive (n = 3), hepatitis B surface antigen positive (n = 3), 6 33.3 

or illicit drug use* {n = 15) 
HIV negative, hepatitis B surface antigen negative, and illicit 117 45 38.5 

drug use negative 
HIV, hepatitis B surface antigen, and illicit drug use unknown 44 18 40.9 
TOTAL 179 69 38.5 


*Intravenous drugs, cocaine, “crack” cocaine, or unspecified but excluding marijuana. 


curred during vaginal deliveries in which an episiotomy 
and/or laceration was repaired. 

Obstetricians and midwives had the highest rates of 
contact with blood and amniotic fluid (Table IJ) and 
sustained 124 (82.1%) of all contacts recorded. Three 
of the four needle sticks were sustained by cbstetricians 
and one was incurred by a midwife; rates were similar 
by person-procedure. 

The rate of blood and amniotic fluid contacts was 
not significantly lower for patients known to be infected 
with HIV or hepatitis B virus or to use illicit drugs, 
although the number of such patients was small (Table 
HI). 

More than half of the contacts sustained by obste- 
tricians were potentially preventable with the use of 
additional barrier protection; fully half of the contacts 
sustained by midwives might have been prevented by 
the use of gowns during deliveries (Table IV}. 


Comment 


In our study at least one contact with blood or am- 
niotic fluid occurred among obstetric personnel in 


39.1% of vaginal deliveries and in 50.0% of cesarean | 
deliveries, consistent with data of other investigators. 
In Albuquerque, New Mexico, Popejoy and Fry? re- 
ported that a blood exposure occurred in 4 of 25 (16%) 
cesarean deliveries observed. In a questionnaire survey 
of 1562 midwives in the United States, Willy et al.’ 
found that 24% reported at least one needle stick ex- 
posure and 51% reported at least one facial splash with 
blood or amniotic fluid during a 6-month period. 

Although vaginal deliveries do not involve deep pel- 
vic surgery, repair of episiotomy and/or laceration fre- 
quently involves digitally guiding a suture needle in the 
operative field. The causes of 15 of the 20 blood con- 
tacts under gloves are unknown but may include de- 
fective gloves or undetected glove perforations; all 15 
occurred during deliveries in which an episiotomy 
and/or laceration was repaired." The fact that no per- 
cutaneous injuries were observed during cesarean sec- 
tions in this study may have been due to the relatively 
small number of procedures observed. 

Blood contact and amniotic fluid contact can be char- 
acterized by the likelihood of transmitting infection and 


706 Panlilio et al. 


September 1992 
Am J Obstet Gynecol 


Table IV. Assessment of potential preventability of blood and amniotic fluid contacts by specific measures _ 


Obstetrician “n* = 94) 


Preventive measure 


Wearing gloves 7 
Puncture or cut-proof gloves 18 
Wearing gowns 10 
More effective gowns 29 
More effective shoe covers 21 
Face, eye shields, head hoods 9 
Correct technique} 0 


Blood and amniotic fluid contacts 


Midwife (n* = 30) Other} (n* = 27) 


2 7 7 26 
6 20 0 0 
15 50 12 44 
4 13 2 7 
l 3 3 1l 
2 7 ] 4 
0 0 2 7 





*n, Total number of blood and emniotic fluid contacts sustained. 
} Other includes anesthesia staff, obstetric nurses and technicians, circulating staff, scrub staff, and pediatricians. 


These contacts include two sustained by circulating nurses (one who got blood on his/her hand while removing bloody gloves 
and another who got blood on his/her wrist while pouring blood into a tube). 


by strategies to minimize risk cf occurrence. Prospec- 
tive surveillance studies suggest that the risk of HIV 
transmission varies with the type of contact. Prospective 
studies of health care workers after occupational ex- 
posure to HIV-infected blood have demonstrated that, 
on the average, seroconversion follows 0.3% of needle 
sticks.® © Although seroconversions have been docu- 
mented after mucous membrane and cutaneous ex- 
posures to HIV-infected blood.’* '® none has occurred 
among the health care workers participating in pro- 
spective studies. An estimate of the upper bound of the 
95% confidence interval for HIV transmission after 
mucous membrane exposure to blood is 0.28% per 
exposure® and 0.04% after cutaneous exposure to 
blood.” HIV has been isolated from amniotic fluid of 
an HIV-infected patient,” but seroconversion after oc- 
cupational exposure to'amniotic fluid from an EIV- 
infected parturient has not been reported. Since in- 
sufficient data are available to assess the risk of HIV 
transmission after exposure tc amniotic fluid from a 
patient with HIV infection, the Centers for Dis2ase 


Control recommend that universal precautions apply 


to amniotic fluid." 

Skin contacts, including those from garment soakage, 
were the type of contact most frequently observed and 
are probably associated with the lowest risk of infection 
transmission. Nonetheless, skin contacts with b_ood 
have resulted in HIV transmission’®’® and should be 
avoided. In this study, routine use of recommerded 
barrier precautions™"! would have prevented most skin 
contacts. For example, 11% of the blood and amniotic 
fluid contacts sustained by obstetricians and fully half 
of those sustained by midwives might have been pre- 
vented by the use of gowns. Elbow-length gloves, if 
available, might have prevented all of the unprotected 
skin contacts and garment soaxages of the forearm(s). 
Additional barrier precautions, such as face shields, 
head hoods, and fluid-resistant gowns, might have been 


required to prevent 59% of contacts sustained by ob- 
stetricians and 23% of contacts sustained by midwives. 
Prevention of percutaneous contacts may require new 
techniques and/or glove materials. 

Concern about the transmission of HIV during in- 
vasive procedures, including deliveries, has prompted 
proposals for additional measures to prevent occupa- 
tional blood and amniotic fluid contact.'**° These in- 
clude HIV screening of patients and the use of special 
precautions for HIV-infected patients. Data from our 
study and two others did not demonstrate that knowl- 
edge of a patient’s HIV serostatus or risk factor status 
significantly reduced the rate of blood contact during 
surgical procedures.?" * However the number of pa- 
tients in these studies known to be HIV positive was 
small; further studies are needed to ascertain whether 
knowledge of a patient’s HIV serostatus leads to further 
reduction in blood contact, beyond the consistent use 
of universal precautions.. Using additional protective 
measures only with HIV-seropositive patients would 
leave obstetric personnel at risk from HIV-infected pa- 
tients with false-negative HIV antibody test results, 
patients who are not tested, and patients with unrec- 
ognized infections caused by other blood-borne 
pathogens. 

Centers for Disease Control guidelines allow pre- 
operative HIV counseling and testing of patients,” pro- 
vided that patient consent is-obtained for testing, pa- 
tients are informed of test results, counseling is pro- 
vided by trained persons, confidentiality of test results 
is maintained, and identification of infected patients 
will not adversely affect their care. Further, Centers for 
Disease Control guidelines specify that routine volun- 
tary HIV counseling and testing should be considered 
for hospitalized patients in age groups deemed to have 
a high prevalence of HIV infection.” Routine voluntary 
prenatal HIV screening for all pregnant women at high 
risk for HIV infection is also recommended by the Cen- 
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ters for Disease Control to ensure that those who are 
HIV positive receive appropriate medical care, to plan 
medical care for their infants, and to provide counsel- 
ing on family planning, future pregnancies, and the 
risk of sexually transmitting HIV to others.” Regard- 
less of whether HIV antibody testing is performed, 
compliance with universal precautions is essential and 
must be observed in all cases for the protection of health 
care workers and patients. 

A major strength of this study is that data were col- 
lected by persons whose sole responsibility during de- 
liveries was observation and who could therefore con- 
centrate on gathering data. Because of this it was pos- 
sible to collect information about all personnel 
participating in deliveries. Limitations of the study in- 
clude the inability to assess correlation between contacts 
and disease transmission and the possible effect of the 
observer’s presence on the occurrence of contacts. If 
the observer’s presence led to more careful technique 
on the part of obstetric personnel, the observed contact 
rates may underestimate the true rates. Because the 
identities of obstetric personnel observed were not re- 
corded, there was no way to determine if a few persons 
had most of the contacts or if a larger number of per- 
sons each sustained a few contacts. 

‘Additional limitations of this study include the small 
sample size, particularly of cesarean deliveries, and the 


restriction of observations to the day shift. The lack of . 


percutaneous injuries observed during cesarean deliv- 


eries may have been due solely to the -limited number - 


observed. Differences in staffing and possibly in the 
nature of deliveries performed during the evening and 
night shifts might contribute to differences in rates of 
blood and amniotic fluid contact leading to’ either an 
overestimation or an underestimation of the true rates. 


This preliminary study, however, begins to quantify the _ 


rate of contact with blood and amniotic fluid during 
deliveries and emphasizes the need for larger, multi- 
center studies to define the risk of such contact more 
precisely and to develop and evaluate preventive mea- 
sures. 7 
The extent to which the results of this study may 
apply to other hospitals is uncertain. Grady Memorial 
Hospital is probably representative of most public hos- 
pitals providing care to a large percentage of HIV- 
infected patients in large cities in the United States.” 
The epidemiologic characteristics of blood contact and 
amniotic fluid contact during deliveries may differ at 
other hospitals because of differences in the types of 
procedures performed, the ratio of attending to resi- 
dent staff, perception of HIV infection risk among pa- 
tients, and use of precautions to prevent blood contact 
and amniotic fluid contact. | 

With the increasing incidence of HIV infection and 
acquired immunodeficiency syndrome.among women 
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in the United States,>* as well as the already appreciable 
HIV seroprevalence among childbearing women in 
certain urban areas," it is imperative that appropriate 
measures to prevent blood and amniotic fluid contact 
during obstetric procedures be identified and imple- 
mented. 
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Influence of corpus luteum age on the steroidogenic response 
to exogenous human chorionic gonadotropin in normal 


cycling women 


Lt Col Marc A. Fritz, MC, USAF," David L. Hess, PhD, and Phillip E. Patton, MD" 


Bethesda, Maryland, and Beaverton and Portland, Orgeon 


OBJECTIVE: The null hypothesis of this study is that the patterns of steroid secretion exhibited by the 
human corpus luteum in response to exogenous human chorionic gonadotropin stimulation are 


independent of corpus luteum age at the time of treatment. 


STUDY DESIGN: Twenty-five normally cycling women in whom the midcycle urinary luteinizing hormone 
surge (luteal day 0) was identified and from whom blood samples were obtained daily from cycle day 11 
until mensas were prospectively randomized to receive no treatment (group |, n = 5) or exogenous human 
chorionic conadotropin 5000 IU administered intramuscularly on luteal day 0 (group Il, n = 5), +4 (group 
ll, n = 5), +8 (group IV. n = 5), or +12 (group V, n = 5). Serum concentrations of estrone, estradiol, 
progesterone, 17-hydroxyprogesterone, and androstenedione were measured by specific 
radioimmuoassays in all subjects; serum human chorionic gonadotropin concentrations were determined 


by immuncradiometric assay in treated subjects. 


RESULTS: Serum human chorionic gonadotropin levels (mean + SEM) were virtually identical among 
treatment groups (p > 0.05). Luteal phase duration (mean + SEM) was prolonged {p < 0.05) only in 
group V (18.4 + 0.5 days) compared with untreated subjects (group | 13.8 + 0.7 days). In all groups 
estrone and 17-hydroxyprogesterone concentrations closely paralleled those of estradiol and progesterone, 
respectively. Steroid data and progesterone/estradiol ratios (mean + SEM) in groups | and Il were 
indistinguishable and were combined (control, n = 10}. Group ill subjects exhibited patterns of steroid 
secretion similar to groups | and |l, although progesterone was moderately increased after human 
chorionic conadotropin treatment. In groups IV and V, progesterone increased (p < 0.05) 1 day after | 
human chorionic gonadotropin and remained elevated for 5 to 6 days; a 4-day rise {p < 0:05) in estradiol 
began 3 days after treatment, and androstenedione rose modestly in parallel. Progesterone, estradiol ratios 
in groups ll through V increased (p < 0.05) approximately twofold after human chorionic gonadotropin 


treatment and remained elevated for 4 to 5 days. 


CONCLUSION: The human corpus luteum exhibits distinct age-dependent patterns of steroid secretion in 
response to exogenous human chorionic gonadotropin stimulation, an observation that may have clinical 
implications regarding the empirical use of exogenous human chorionic gonadotropin in support of luteal 


function. (AM J OsBstTeT GYNECOL 1992;167:709-16.) 


Key words: Human chorionic gonadotropin, human corpus luteum, luteal phase deficiency 
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Exogenous human chorionic gonadotropin (hCG) is 
commonly administered on one or more occasions to 
stimulate or prolong corpus luteum steroidogenesis in 
clinical settings in which luteal function is known or 
suspected to be inadequate. In spite of widespread ap- 
plication, hCG treatment schedules are empiric and 
widely varied because the optimal dose, timing, and 
frequency of administration remains unexamined. Ob- 
servations of the steroidogenic response to exogenous 
hCG in midcycle monkeys’ and during experimental 
pseudopregnancy in both nonhuman primates” ® and 
women,’ together with experience gained through de- 
velopment of steroid replacement regimens for donor 
oocyte recipients’ suggest that the effects of empiric 
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Fig. 1. Serum concentrations (mean + SEM) of hCG stan- 
dardized to day of exogenous hCG administration in four 
groups of normally cycling women who received exogenous 
hCG 5000 IU intramuscularly on luteal day 0 (day of midcycle 
urinary LH surge; group II, n = 5), +4 (group III, n = 5), 
+8 (group IV, n = 5), or +12 (group V, n = 5). 


exogenous hCG treatment on human luteal function 
deserve more careful examination. 

In the nonhuman primate the patterns of both es- 
trogen and progesterone secretion that accompany a 
5-* or 10-day*® course of incremental exogenous hCG 
stimulation vary with the postovulatory age of the cor- 
pus luteum. Similarly, in women an alternate-day ex- 
ogenous hCG treatment regimen yields different pat- 
terns of progesterone secreticn in the early and mid- 
luteal phase.* Evidence that even subtle changes in the 
steroid milieu may influence the rate and extent ‘of 
endometrial development and that implantation can 
succeed only within a relatively narrow “window of en- 
dometrial receptivity’® ° suggests that such hCG-in- 
duced alterations in the pattern of corpus luteum ste- 
roidogenesis may have important clinical implications. 
The available human data are limited in scope and are 
inadequate to define the steroidogenic response to ex- 
ogenous hCG as it is administered in clinical practice. 
The effects of exogenous hCG on corpus luteum es- 
trogen and androgen secretion remain unexamined, 
and the clinical relevance of results obtained during 
experimental pseudopregnancy is uncertain. 

To define the spectrum of steroidogenic response to 
exogenous hCG stimulation and the influence of corpus 
luteum age, we studied a group of healthy ovulatory 
women. Subjects were randcomly assigned to receive 
exogenous hCG at precisely defined times during the 
luteal phase, and the patterns of estrogen, progestin, 
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Table I. Luteal phase duration . 


Luteal phase 
duration 













ACG treatment 





lutear/day (days) 
I oo 13.8 + 0.7" 
II 0 13.2 + 0.6° 
ITI + 4 14.2 + 0.4" 
IV +8 15.4 + 0.7 
V +12 18.4 + 0.5°. 


Values are mean + SE. Luteal day 0 was defined as day of 
urinary LH surge. Values with different-letter superscripts are 
different (p < 0.05). 


and androgen secretion were compared with those pat- 
terns observed in untreated women. 


Material and methods 


Study subjects. Twenty-five women aged 18 to 35 
years were recruited and gave informed consent for 
our study, which was approved by the Institutional Re- 
view Boards at our institutions. Each subject had reg- 
ular, spontaneous menstrual cycles with an intermen- 
strual interval between 24 and 35 days and had not 
used steroid contraception in the 6 months before the 
study. All subjects were within 20% of ideal body 
weight, and none were involved in a program of reg- 
ular strenuous exercise. A biphasic basal body temper- 
ature (BBT) pattern and midluteal phase (5 to 8 days 
before menses) serum progesterone =10 ng/ml in a 
screening cycle were required as evidence of ovulatory 
function. . 

Experimental design. Beginning on cycle day 11, 
venous blood samples (10 ml) were drawn daily until 
menses. Voided urine samples were obtained twice 
daily, the first between 11:00 am and 3:00 pm and the 
second between 5:00 pm and 10:00 pm, until the mid- 
cycle urinary luteinizing hormone (LH) surge (luteal 
day 0) was identified with a rapid commercial enzyme 
immunoassay kit (Ovuquick, Monoclonal Antibodies, 
Inc., Mountain View, Calif.). Group assignment was 
determined at entry by the subject’s random selection 
‘of a sealed envelope containing a specific assignment. 
Subjects received no treatment (group I, n = 5) or ex- 
ogenous hCG (A-P.L., lot no. 3890359, Wyeth-Ayerst 
Laboratories, Philadelphia, Pa.) 5000 IU administered 
intramuscularly on luteal day 0 (group II, n = 5), +4 
(group III, n = 5), +8 (group IV, n = 5), or +12 
(group V, n = 5}. 

Assays. Blood samples were allowed to clot, and sep- 
arated serum was stored at —20° C until assayed. All 
samples from each individual were assayed together for 
each hormone. 7 

Serum concentrations of estrone, estradiol, proges- 
terone, and 17-hydroxyprogesterone were measured in 
duplicate by specific radiotmmunoassays after diethyl 
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Fig. 2. Serum concentrations (mean + SEM) of estrone, estradiol, progesterone, 17-hydroxypro- 
gesterone, and androstenedione standardized to day of midcycle urinary LH surge (luteal day 0) in 
a group of normally cycling women (control, n = 10) who received no treatment: (group I, n = 5) 
or exogenous hCG 5000 IU administered intramuscularly on luteal day © (group II, n = 5). 


ether extraction and separation of steroids on 1.0 gm 
Sephadex LH-20 microcolumns (Sigma Chemical Co., 
St. Louis).”° Although the elution solvent mixture (hex- 
ane/benzene/methanol 62:20:13 vol/vol) was identi- 
cal to that reported previously, the sequence of frac- 
tions (f) collected during elution was modified as fol- 
lows: f1 (waste), 1.5 ml; f2 (progesterone), 2.5 ml; f3 
(17-hydroxyprogesterone), 2.0 ml; f4 (estrone), 3.0 ml; 
£5 (waste), 1.0 ml; f6 (estradiol), 6.0 ml. For assay of 
serum androstenedione, a separate serum aliquot was 
extracted and chromatographed on 2.5 gm Sephadex 
LH-20 microcolumns as described previously.? The 
antisera used in the progesterone and estradiol assays 
were gifts from A. Surve (lot no. 12, Sandoz, East 
Hanover, N.J.) and G.D. Niswender (lot no. GDN-244, 
Colorado State University, Ft. Collins, Colo.), respec- 
tively; those used in the estrone (lot no. 351-17), 
17-hydroxyprogesterone (lot no. R7-814), and andro- 
stenedione (lot no. R1-P9) assays were obtained from 


ICN Biomedicals (Costa Mesa, . Calif.). All antisera 
demonstrated <2% cross-reactivity with other common 
steroids as reported by the supplier and confirmed in 
our laboratory. Serial dilutions of the appropriate pu- 
rified column fractions yielded dose response curves 
parallel to authentic standard curves for each assav. 
Tritiated steroids were used in concurrent extraction 
and chromatography samples to monitor procedural 
losses; recoveries exceeded 70% for all steroids. 
Solvent blanks ranged between 0 and 25 pg/tube 
among assays; all reported values are corrected for re- 
spective blanks and recoveries. Intraassay and inter- 
assay coefficients of variation were <15% in all five 
assay systems. 

Serum hCG concentrations were quantified in du- 
plicate 100 ul samples with a solid-phase immunora- 
diometric assay kit (Tandem-R HCG, donated by Hv- 
britech, Inc., San Diego, Calif.), which uses hCG cali- 
brated against the World Health Organization 3rd In- 
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Fig. 3. Serum concentrations (mean + SEM) of estradiol, progesterone, and androstenedione stan- 
dardized to day of midcycle urinary LH surge (luteal day 0) in group of normally cycling women 
(group IV, n = 5) who received exogenous hCG 5000 IU intramuscularly on luteal day +8 (arrow). 
Asterisks, Values significantly different (p < 0.05) from. control (groups I and H combined, n = 10). 


International Standard No. 75/537. This assay recog- 
nizes only the complete form cf the hCG dimer and 
was performed as directed except that samples were 
pipetted before adding solid phase media. Intraassay 
and interassay coefficients of variation were <6%. 
Data analysis. Serum concentrations of hCG over the 
7 days after treatment in groups II through V were 
compared by analysis of variance for repeated mea- 
sures. Luteal phase duration was calculated as the num- 
ber of days between detection of the urinary LH surge 
and menses (excluding both endpoints) and was com- 
pared among groups by analysis of variance (p < 0.05) 
and Duncan’s multiple range test. Steroid hormone 
data and ratios of progesterone/estradiol were orga- 
nized by days in relation to the midcycle urinary LH 
surge (luteal day 0) and compared for the intervals 
before and after hCG treatment by analysis of variance 
for repeated measures and by unpaired Student's ¢ tests 
when different (p < 0.05). Stercid levels in groups IV 
and V and progesterone/estradiol ratios among groups 


III through V were further compared after standard- 


. izing these data (transformed to percentage of treat- 


ment day value) to the day of hCG administration. 
Computerized analyses were conducted with the SAS 
statistical program (SAS Institute, Inc., Cary, N.C.). 


Results 


The temporal patterns and peripheral serum con- - 
centrations of hCG observed over the 7 days after hCG 
administration in treated subjects are shown in Fig. 1. 
The serum profile of the hCG stimulus among treat- 
ment groups (groups II through V) was virtually iden- 
tical. Overall, levels of hCG (mean + SEM, n = 20) 
peaked (129.9 + 13.4 IU/L) the day after treatment 
and declined gradually thereafter. 

Luteal phase duration (mean + SEM) among the five 
study groups is shown in Table I. Compared with un- 
treated subjects (group I, 13.8 + 0.7 days), the luteal 
phase was prolonged (p < 0.05) in group V (18.4 + 0.5 
days) but not in those groups that received earlier hCG 
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Fig. 4. Serum concentrations (mean + SEM) of estradiol, progesterone, and androstenedione stan- 
dardized to day of midcycle urinary LH surge (luteal day 0) in group of normally cycling women 
(group V, n = 5) who received exogenous hCG 5000 IU intramuscularly on luteal day + 12 (arrow). 
Asterisks, Values significantly different (p < 0.05) from control (groups I and II combined, n = 10). 


treatment (groups II through IV). Luteal phase du- 
ration in group V was also significantly, longer 
(p < 0.05) than in groups IT through IV. 

Treatment with exogenous hCG on luteal day 0 
(group II) had no effect on serum estrogen (estrone, 
estradiol), progestin (progesterone, 17-hydroxyproges- 
terone), or androgen (androstenedione) concentrations 
(mean + SEM) compared with those seen in untreated 
women (group I, p = 0.61, 0.27, 0.83, 0.92, and 0.39 
for estrone, estradiol, progesterone, 17-hydroxypro- 
gesterone, and androstenedione, respectively); these 
data were combined (control n = 10) and are shown in 
Fig. 2. The same steroid profiles were again observed 
in subjects treated with hCG on luteal day +4 (group 
III); posttreatment progesterone and 17-hydroxypro- 
gesterone concentrations were moderately higher than 
in groups I and II, but these differences were not sig- 
nificant (data not shown). 

Serum concentrations (mean + SEM) of estradiol, 
progesterone, and androstenedione observed in group 


IV are shown in Fig. 3 in reference to control values. 
As in groups I through III, estrone and 17-hydroxy- 
progesterone levels in group IV closely paralleled those 
of estradiol and progesterone, respectively (data not 
shown). Serum progesterone concentrations increased 
(p < 0.05) 1 day after hCG (luteal day +8) and re- 
mained elevated for 6 days (luteal days 9 through 14). 
Serum estradiol levels also rose (p < 0.05) after hCG 
treatment, but not until 3 days after injection (luteal 
day +11), and levels were increased for only 4 days. 
Circulating posttreatment androstenedione concentra- 
tion rose modestly with estradiol, but the increase was 
not significant. 

The patterns of serum estradiol, progesterone, and 
androstenedione (mean + SEM) in group V (n = 5) 
are shown in Fig. 4. Again, estrone and 17-hydroxy- 
progesterone levels closely paralleled those of estradiol 
and progesterone, respectively (data not shown). Be- 
fore treatment (luteal day + 12), stercid concentrations 
were no different than concentrations in controls, but 
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Fig. 5. Serum concentrations (mean + SEM) of estradiol, progesterone, and progesterone/estradiol 
(P/E,) ratios standardized to day of midcycle urinary LH surge (luteal day 0) in four groups of 
normally cycling women. Control subjects (n = 10) received no treatment (group I, n = 5) or ex- 
ogenous hCG 5000 IU intramuscularly on luteal day 0 (group II, n = 5}. Remaming subjects received 
similar treatment (arrows) on luteal day +4 (group III, n = 5), +8 (group IV, n = 5), or +12 (group © 


Vin = 5). 


levels of estradiol and progesterone increased signifi- 
cantly (p < 0.05) after exogenous hCG administration. 
As in group IV, progesterone concentrations rose 
sharply 1 day after treatment, whereas the increase in 
estradiol was delayed. Circulating progesterone levels 
- exceeded (p < 0.05) comparable control values on lu- 
teal days +13 and +14, ard serum estradiol was ele- 
vated (p < 0.05) on luteal day + 14. Overall, the profiles 
of the estradiol and progesterone response to hCG were 
similar to those seen in group IV. For both steroids the 
peak concentration achieved after treatment was lower 


in group V than in group IV, but these differences were. 
not significant. Serum androstenedione rose in parallel _ 


` with estradiol in group V, but this increase was also not 
significant. l l 

‘The influence of corpus luteum age on the pattern 
of steroidogenic response to exogenous hCG is more 


readily demonstrated in Fig. 5, which illustrates mean 
serum concentrations of estradiol, progesterone, and 
progesterone/estradiol ratios among the groups. The 
progesterone/estradiol ratios in groups I and II were 
not different (p = 0.70), and these data were combined 
(control n = 10); progesterone/estradiol rose gradu- 
ally, peaked on luteal day +7, and then steadily de- 
clined. In contrast, progesterone/estradiol increased 
(p < 0.05) sharply after hCG treatment in groups III 
through V. Progesterone/estradiol rose 1 day after 
hCG in groups IV and V and 2 days aiter treatment 
in group HI, but in all three groups the increase was 
strikingly similar in both magnitude and duration. 


Comment 


In this study of spontaneous menstrual cycles in 
healthy women the patterns of luteal phase steroid se- 
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cretion were altered by varying the time of exogenous 
hCG administration. These data confirm and extend 
earlier limited observations in women‘ and demon- 
strate the spectrum of the human corpus luteum’s age- 
dependeni steroidogenic response to exogenous hCG 
stimulation. 

Our results cannot be attributed to variations in the 
degree of exogenous hCG stimulation among treat- 
ment groups. Serum hCG concentrations achieved dur- 
ing the 7 days after injection in groups II through V 
were almost identical. In men, the same treatment 
yields very similar serum hCG levels. Taken together 
these data suggest that absorption and clearance of ex- 
ogenously administered hCG are not affected by vari- 
ations in the existing steroid milieu. 

Our observations in women were in many ways sim- 
ilar to those in monkeys treated with a 5-* or 10-day’ 
course of increasing doses of exogenous hCG designed 
to mimic the pattern of increasing CG levels during 
early pregnancy. As in nonhuman primates, the ster- 
oidogenic response to exogenous hCG was greatest in 
the midluteal phase and altogether absent in the im- 
mediate periovulatory interval. Moreover, circulating 
luteal ‘phase progesterone levels rose acutely in re- 
sponse to exogenous hCG, whereas estradiol concen- 
trations increased more gradually and remained ele- 
vated after progesterone had declined; these observa- 
tions are again consistent with those in the monkey. 
Our findings are also in general agreement with avail- 
able human data collected under conditions of exog- 
enous hCG-induced pseudopregnancy and limited to 
the early end midluteal phase*; however, the less fre- 
quent sampling interval, the relatively imprecise esti- 
mates of corpus luteum age based on BBT recordings, 
and the absence of estrogen determinations in the pre- 
vious study do not permit detailed comparisons. 

Changes in the sensitivity and size of gonadotropin- 
responsive luteal cell populations as the corpus luteum 
matures and then regresses may explain the differing 
patterns of steroidogenic response to exogenous hCG 
stimulation. In both the human!’ and nonhuman 
primate’? corpus luteum, LH-CG receptor levels in- 
crease during the early-to-midluteal phase and decline 
during the late luteal phase. These changes in receptor 
concentration directly correlate with both gonadotro- 
pin-stimulated adenylate cyclase activity” and proges- 
terone production in luteal tissue in vitro.'* 4 In ad- 
dition, studies in domestic animals!’ and human 
beings” suggest that the cellular composition of the 
corpus luteum changes as the luteal phase progresses. 
The relative numbers of “large” and “small” Juteal cells 
(presumably derived from the granulosa and theca cell 
layers of the preovulatory follicle, respectively’) vary 
with corpus luteum age, and the two cell types distinctly 
differ in steroidogenic potential.'?*? In both human 
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beings” and nonhuman primates” large luteal cells are 
the principal source of luteal cell estrogen production. 
Preliminary evidence suggests that only small luteal 
cells respond to hCG stimulation in humans,” whereas 
large cells are the primary focus of CG-stimulated pro- 
gesterone production in the monkey.” * The striking 
similarity of the in vivo responses of the two species to 
exogenous hCG is curious if such a fundamental dif- 
ference between human and nonhuman primate luteal 
cell function and regulation does indeed exist. 

Subtle differences in the steroidogenic responses to 
hCG in women and nonhuman primates were noted. 
For example, in the monkey both progesterone and 
estradiol concentrations increase after hCG when treat- 
ment begins in the early luteal phase.” ° In contrast, we 
observed only a modest rise in progesterone and 17- 
hydroxyprogesterone that was unaccompanied by any 
discernable change in estrogens in women. In part, 
these differences could be the result of our adminis- 
tration of exogenous hCG 1 to 2 days earlier than in 
the comparable nonhuman primate studies.** Because 
neither species exhibits any significant steroidogenic 
response to exogenous hCG in the immediate peri- 
ovulatory interval,” our data suggest a transitional re- 
sponse of the early luteal phase corpus luteum, which 
remains relatively refractory to exogenous gonadotro- 
pin stimulation. Unlike the monkey, which exhibits a 
fleeting and much attenuated steroidogenic response 
to exogenous hCG during the late luteal phase,’ the 
response we observed in women was only slightly re- 
duced compared with that seen at midluteal phase. Dif- 
ferences between the human and nonhuman primate 
response to late luteal phase exogenous hCG stimula- 
tion may be the result of our use of a single, large, 
exogenous hCG stimulus as opposed to the pseudo- 
pregnancy regimen used in the primate model.*° 

The results of our study in normally cycling women 
do not necessarily predict the outcome of similar treat- 
ment in the clinical management of luteal phase defi- 
ciency or in cycles induced with exogenous menotro- 
pins, because corpora lutea derived from follicles sub- 
jected to abnormal patterns of gonadotropin secretion” 
or exogenous gonadotropin administration™ fre- 
quently have altered steroidogenic, biochemical, and 
physical properties that may influence their response 
to exogenous hCG. Therefore in spite of evidence that 
an abnormal, more profoundly progestational environ- 
ment (like that that accompanied early, mid, and late 
luteal phase hCG treatment) may adversely affect en- 
dometrial development,®* * the clinical relevance of 
the normal corpus luteum’s age-dependent steroido- 
genic response to exogenous hCG is uncertain. 

Insummary, the patterns of exogenous hCG-induced 
estrogen, progestin, and androstenedione secretion 
varied with the postovulatory age of the corpus luteum 
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in normally cycling women. Our data suggest that ex- 
ogenous hCG has no effect cn sex steroid concentra- 
tions when administered coincident with the endoge- 
nous midcycle LH surge, but otherwise consistently 
stimulates human luteal function in a manner thai fa- 
vors progesterone secretion over that of estradiol. 
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Fetal heart rate variability and behavioral state: 


Analysis by power spectrum 


Susan R. Davidson, MD, John H.G. Rankin, PhD, Chester B. Martin, Jr., MD, and 


Deborah L. Reid, PhD 


Madison, Wisconsin 


OBJECTIVE: We attempted to determine the relationship between the fetal heart rate power spectrum and 


fetal state 


STUDY DESIGN: Interbeat intervals, electrocortical activity, and fetal breathing movements were recorded 
from five near-term fetal lambs. Interbeat intervals were taken from epochs of low-voltage electrocortical 

activity with breathing, low-voltage electrocortical activity without breathing, and high-voltage electrocortical 
activity without breathing. Power spectral techniques were applied to determine the underlying frequencies 
contributirg to fetal heart rate variability. Spectral analysis was also performed on fetal breathing data from 


three animals. 


RESULTS: Significant differences were found between low-voltage electrocortical activity with breathing 
and high-voltage electrocortical activity without breathing at 0.62 Hz and from 1.09 to 1.56 Hz. There was 


no clear relationship between the breathing and heart rate spectra. 


CONCLUSIONS: Fetal heart rate is mediated by doth state and respiratory variables. The respiratory 
component is not strictly related to respiratory rate. (AM J OssTeT GYNECOL 1992:167:717-22.) 


Key words: Fetal heart rate variability, electrocortical activity, power spectral analysis, fetal 


breathing movements 


The analysis of fetal heart rate (FHR) variability has 
become a cornerstone in the antepartum and intra- 
partum evaluation of fetal well-being. The sources of 
FHR variability are multiple,’ but at the least the pres- 
ence of normal beat-to-beat and long-term variability 
suggests intact autonomic feedback between the central 
nervous system and the sinoatrial node. " 

From a clinical standpoint, the theoretical promise 
of FHR monitoring has been called into question. ° 
Several investigators have failed to demonstrate signif- 
icant differences in perinatal outcome in spite of the 
widespread use of FHR monitoring.** The largest ran- 
domized study of FHR monitoring found no difference 
in Apgar scores, stillbirths, or neonatal deaths between 
the electronically monitored and auscultated groups. 
Fewer neonatal seizures were demonstrated in the mon- 
itored g-oup in those patients whose labor lasted >5 
hours.® Potential sources of error in interpretation in- 
clude the unreliability of visual interpretation,’ tech- 
nical limitations of statistical approaches,® and failure 
to react to an abnormal tracing.’ 
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Power spectral analysis or the decomposition of vari- 
ations in heart period into its underlying frequency 
components has been suggested as a more precise and 
mechanistic approach to the characterization of heart 
rate variability." For example, discrete frequency peaks 
have been identified in the resting dog corresponding 
to respiratory (0.4 Hz) and baroreceptor (<0.] Hz) in- 
fluences on heart rate variability. Blocking studies in- 
dicate that these are mediated by the parasympathetic 
and sympathetic nervous systems, respectively." 

There has been a paucity of data available on the 
power spectrum of the FHR. Divon et al.’ have dem- 
onstrated the presence of respiratory peaks in the heart 
rate spectra of normal term fetuses. Differences in the 
spectra of normal and growth-retarded human fetuses 
that differentiate between behavioral states have been 
described. Abboud and Sadeh™ have demonstrated 
good correlation between power spectral and mathe- 
matic indices of short- and long-term human heart rate 
variability derived from electrocardiogram (ECG) 
waveforms recorded from the maternal abdomen. 
None of the three human studies included spectral 
analysis of simultaneously recorded respirations. 

Donchin et al., in an ovine model, have demon- 
strated peaks in the FHR spectra at frequencies that 
correspond to the respiratory frequency of the neonatal 
lamb. Neither the frequency nor even the presence of 
breathing was documented in their experimental ani- 
mals. Noguchi et al.’* reported that they were able tc 
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demonstrate respiratory peaks in the ovine FHR spec- 
trum only when variability in fetal respiratory rate was 
pharmacologically decreased with morphine. To date, 
there have been no animal studies that have examined 
the FHR spectrum during precisely defined fetal states 
and in the presence of known breathing. 

The purpose of the current study is to further de- 
lineate the relationship between FHR variability, as 
demonstrated by power spectral analysis, fetal behav- 
ioral state, and fetal breathing. The following quest:ons 
were addressed: (1) What are the characteristics of the 
ovine fetal heart rate spectrum: (2) Does the heart rate 
spectrum differ between fetal electrocortical states? 
(3) What is the relation between heart rate spectra and 
fetal breathing? 


Methods 


Surgery was performed on the fetuses of five ewes 
of mixed breed at approximately 128 days’ gestation. 
Oral intake was withheld for 24 hours before surgery. 
Anesthesia was induced in the ewes and fetuses with 
intramuscular administration of 700 mg of ketamine. 
Atropine (0.7 mg) was used to minimize secretions. An- 
esthesia was maintained with a continuous intraverous 
infusion of 10% ketamine. The guidelines for the care 
and use of animals as approved by the University of 
Wisconsin have been followed. 

Uterine access was accomplished through a midline 
laparotomy incision with subsequent hysterotomy. Fetal 
venous and arterial hind limb catheters were pleced 
and advanced to the level of the vena cava and acrta. 
An additional catheter with side holes was attached to 
the fetal hind limb to monitor amniotic fluid pressure. 
The limbs were then returned to the uterine cavity and 
the uterine incision was closed. Access to the fetal head 
and thorax was accomplished through a separate ivs- 
terotomy incision. Biparietal electrocorticogram elec- 
trodes were placed on the dura through scalp incis:ons 
and burr holes. The reference electrode was sewn. be- 
neath the skin over the occiput. Three electrodes were 
attached to the subcutaneous tissue across the fetal zho- 
rax to acquire the ECG signal. A catheter was placed 
in the fetal pleural space to detect breathing move- 
menis. Chloramphenicol, 300 mg, was infused throagh 
the fetal vein and penicillin, 600,000 U, was instilled 
into the amniotic fluid before closure of the uterine 
incision. All catheters and electrodes were exterior:zed 
to the maternal flank and stored in a cloth pouch before 
closure of the laparotomy incision. 

After a 5-day recovery period, the ewe was trans- 
ported to the laboratory and allowed to acclimetize 
overnight. Physiologic measurements were made with 
the animal standing quietly in a mobile pen. Fetal LCG 
and electrocorticogram signals and intrathoracic pres- 
sures were acquired with a PIDAS data acquisition sys- 
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tem and a Beckman 711 chart recorder. R-R intervals 
were obtained from the ECG with a peak interval de- 
tector. All analog and digitized data were stored on 
magnetic tape. 

Data analysis. Epochs of high- and low-voltage elec- 
trocortical activity, as well as the presence of continuous 
fetal breathing movements, were determined by visual 
inspection of the polygraph records. Three fetal phys- 
iologic states were identifed for further analysis: low- 
voltage electrocortical activity with breathing, low- 
voltage electrocortical activity without breathing, and 
high-voltage electrocortical activity without breathing. 
Epochs varied in length trom 1 to 20 minutes. 

Heart rate analysis. The interbeat intervals from 
each of the epochs of interest were initially scored for 
artifact. Intervals that were <% or >% of the preceding 
interval were rejected. To avoid aliasing, all epochs 
were visually examined for the presence of slow shifts 
in baseline heart rate. Epochs with obvious trends were 
rejected. Only continuous data of at least 50 seconds’ 
duration were used. At least 100 seconds (mean + SEM 
323.5 + 236.0 seconds) of artifact-free data was avail- 
able for each animal in each condition. 

Spectral analysis requires data sampling at equal in- 
tervals.’ To satisfy this requirement, the interbeat in- 
tervals were plotted against time and sampled at 0.20- 
second intervals (5 Hz). Epochs that yielded more than 
256 data points were analyzed by use of overlapping 
segments of 256 points, each offset by 128 points. To 
minimize spurious effects from the data sampling pro- 
cess, all data were passec through a cosine (Hanning) 
window. Spectral analysis was accomplished with 
ASYSTANT software. The resultant power spectra 
were reduced to 12 frequency bands (0.156 Hz width) 
by summing the area under the curve in the original 
256-point spectra. The abscissa of Fig. 1 presents the 
12 frequency bands. Spectra within each condition for 
each animal were averaged to yield a representative 
spectrum for each animal in each condition. 

Breathing analysis. After examining the heart rate 
spectra, we noted a relative paucity of discrete sharp 
peaks in frequency ranges that have been associated 
with fetal breathing. To delineate further the precise 
relation between breathing and heart rate, spectral 
analysis of breathing was performed on those epochs 
for which analog data were available. Intrathoracic 
pressure data were available on analog tape for three 
of the animals. Epochs corresponding to usable heart 
rate intervals were identified for further analysis. These 
data were processed through a Keithley data acquisition 
system. Locally written software for a Zenith 386 per- 
sonal computer (model 150) was used to sample the 
data at 5 Hz and to perform the power spectral analysis. 

Statistics. Data were analyzed with repeated-mea- 
sures analysis of variance (SAS statistical package). Spe- 
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Fig. 1. Heart rate power spectra in different behavioral states. LOBR, Low-voltage electrocortical 
activity with breathing; LONO, low-voltage electrocortical activity without breathing; HINO, high- 
voltage electrocortical activity without breathing. 


cific comparisons were performed by means of paired 
t tests after demonstration of a significant analysis of 
variance. The relationship between the breathing and 
heart rate power spectra was examined by means of 
linear correlation. A probability of <0.05 type I error 
(two-tailed) was accepted as significant. All data are 
presented as mean + SEM. 


Results 


Heart rate. There were significant differences in 
heart rate between the various conditions (F = 4.59, 
df = 2,8, p < 0.05). Heart rate was faster during high- 
voltage electrocortical activity without breathing 
(mean + SEM 170.72 + 12.93 beats/min) compared 
with low-voltage electrocortical activity without 
breathing (mean + SEM 160.32 + 10.12 beats/min, 
p < 0.05). Heart rate during low-voltage electrocortical 
activity with breathing was similar to that obtained dur- 
ing low-voltage electrocortical activity without breath- 
ing (mean + SEM 158.51 + 12.79 beats/min) but did 
not differ statistically from either of the other two con- 
ditions. 

Heart rate variability. Composite spectra across an- 
imals for each state were created by converting the 
average spectra for each animal in each state to z scores 
and averaging the z scores across the five animals. These 
results are presented in Fig. 1. A two-way (3 x 12) 
repeated-measures analysis of variance with Condition 
(high-voltage electrocortical activity without breathing, 


low-voltage electrocortical activity without breathing, 
and low-voltage electrocortical activity with breathing) 
and Frequency (12 levels of frequency) as factors was 
computed. The analysis of variance yielded significant 
main effects for Condition (F = 4.84, df = 2,8; 
p<0.05) and Frequency (F = 5.86, df= 11,44; 
p < 0.0001). These main effects are qualified by a sig- 
nificant Condition X Frequency interaction (F = 2.01, 
df = 22,88; p < 0,02). This interaction is illustrated in 
Fig. 1 by the differing shapes of the spectra for the 
three conditions. Follow-up analyses of variance were 
performed to decompose this significant interaction. 
Only the difference between low-voltage electrocortical 
activity with breathing versus high-voltage electrocor- 
tical activity without breathing yielded a significant 
Condition X Frequency interaction (F = 2.60, df = 
11,44; p < 0.02). | 

To ascertain which frequency bands were responsible 
for the discrimination between the low-voltage electro- 
cortical activity with breathing and high-voltage elec- 
trocortical activity without breathing conditions, con- 
dition differences at each frequency band were eval- 
uated by paired ¢ test. As noted on Fig. 1, low-voltage 
electrocortical activity with breathing was associated 
with more power at the 0.62 Hz band and in the bands 
from 1.09 to 1.56 Hz. 

Breathing. Simultaneous breathing and heart rate 
data were available from three different sheep for a 
total of 17 epochs. The frequency of breathing in the 
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Fig. 2. A and B, Simu_taneous spectra of FHR and fetal breathing. 
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fetal sheep proved to be extremely variable, with peaks 
occurring throughout the range of frequencies exam- 
ined. Comparison of the heart rate and breathing spec- 
tra for each epoch revealed that there was no consistent 
relation between the two (Fig. 2). Correlation coeffi- 
cients ranged from —0.577 to +0.841 (mean 0.087). 


Comment 


These data demonstrate that FHR and heart rate 
variability, as measured by power spectral analysis, dif- 
fer between fetal electrocortical and behavioral (breath- 
ing) state. These data also demonstrate that the rela- 
tionship between FHR variability and fetal breathing is 
not isomorphic but rather appears to be mediated by 
a more complex mechanism. 

Differences in heart rate between electrocortical 
states have been previously demonstrated, with an in- 
crease in heart rate evident during high-voltage elec- 
trocortical activity,’” '* which is accompanied by a de- 
crease in cerebral blood flow and oxidative metabo- 
lism.’? Zhu and Szeto*® demonstrated that the 
differentiation in heart rate between states could be 
abolished by blockade with propranolol, thereby pro- 
viding indirect evidence that the heart rate differences 
are mediated by state-related changes in sympathetic 
tone. Reid et al.?! measured plasma catecholamine 
levels during high- and low-voltage electrocortical state. 
Both epinephrine and norepinephrine levels were in- 
creased during high-voltage electrocortical activity, fur- 
ther supporting the notion that state-related changes 
in heart rate are caused by variations in sympathetic 
tone. | 

The main finding of the current study is that the 
characteristics of the FHR spectrum differentiate be- 
tween fetal behavioral states. The heart rate spectrum 
during low-voltage electrocortical activity with breath- 
ing demonstrates a broad band of activity between 0.62 
and 1.56 Hz, which is clearly different than the rela- 
tively flat spectrum over those frequencies obtained 
during high-voltage electrocortical activity with no 
breathing. The spectrum obtained during low-voltage 
electrocortical activity without breathing lies interme- 
diate to these. Overall, this suggests that the ultimate 
shape of the spectrum may reflect a combination of 
respiratory influences, which are vagally mediated, and 
state influences, which appear to be primarily sympa- 
thetically mediated. | 

The absence of a specific and well-defined respiration 
peak in the ovine FHR spectrum was initially somewhat 
surprising in view of the discrete peak demonstrated 
in the previous ovine study. However, examination of 
the breathing spectrum revealed, that, unlike the ex- 
trauterine organism, the respiratory period of the fetal 
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sheep is intermittent and irregular with a marked high- 
frequency component. This is consistent with other re- 
ports of ovine fetal breathing frequency.” * 

Diminished or absent respiratory sinus arrhythmia 
peaks at high respiratory rates have also been noted in 
young dogs** and humans.” Two explanatory mecha- 
nisms have been proposed.” First, it has been suggested 
that the heart rate control system acts as a low-pass filter 
and cannot respond above a threshold frequency. Sec- 
ond, there may be maturational changes in the para- 
sympathetic system with age that determine the ap- 
pearance of the respiratory peak. In addition, Dykes 
et al.” have demonstrated low-frequency peaks in the 
human neonatal heart rate spectrum that correspond 
to periodic changes in tidal volume or breath ampli- 
tude. Rhythmic changes in breath amplitude were 
found to play a greater role in modulating heart rate 
variability than did respiratory rate. The broad, rela- 
tively low-frequency band associated with fetal breath- 
ing in the current study may reflect variations in breath 
amplitude or duration rather than breath frequency. 

The clinical potential of power spectral approaches 
to neonatal heart rate variability has been demon- 
strated. Divon et al. reported reduced respiratory 
peaks in asphyxiated term neonates. Kluge et al.” has 
reviewed spectrally analyzed neonatal heart rate trac- 
ings of infants who died of sudden infant death syn- 
drome. These infants had diminished respiratory sinus 
arrhythmia peaks in the neonatal period. The use of 
power spectral analysis as a tool for antepartum as- 
sessment appears to be an exciting possibility but has 
yet to be demonstrated. 

The current study demonstrates that the ovine fetal 
heart rate spectrum is determined by respiratory influ- 
ences that do not appear to be strictly related to re- 
spiratory frequency. Further studies, that use auto- 
nomic blocking agents, may serve to clarify the physi- 
ologic mechanisms subserving state and behavioral 
differences in the heart rate spectrum. 
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Proteinuria and its assessment in normal and 


hypertensive pregnancy 


Vanessa S. Kuo, RN, RM; George Koumantakis, MApplSc, and 


Eileen D.M. Gallery, MD**> — 
Si. Leonards, New South Wales, Australia 


OBJECTIVES: The purposes of this study were (1) to determine 24-hour urinary protein excretion rates in 
normal human pregnancy and (2) to assess the reliability of assessment of proteinuria by dipstick 


measurement. 


STUDY DESIGN: At 17 to 20 and 33 to 36 weeks of pregnancy, 174 normal volunteers collected a 
24-hour urine sample; the volume and the protein and creatinine concentrations were measured. The 
result for protein was compared with dipstick analysis of an early morning midstream urine sample 
collected at the conclusion of the 24-hour period. Sixty-eight consecutive inpatients admitted to the 
antenatal ward with hypertension and positive urine dipstick tests for protein underwent the same 
procedure. The interobserver variability in dipstick analyses of urine samples of known protein content was 


assessed with the aid of 66 volunteers from the hospital staff. 


RESULTS: The upper 95% confidence limit of the normal population was <200 mg per 24 hours, at both 
stages of pregnancy investigated. In these women and in the hypertensive inpatients a high proportion of 
false-positive and false-negative results was found with dipstick analyses. Interobserver variation in 
assessment of proteinuria by dipstick was high, with an 18% false-positive rate and a false-negative rate 
approaching 40% for samples with 30 mg/dl. Even in the presence of 100 mg/d! the false-negative rate 
was 7%, whereas the concentration of protein was significantly underestimated in 20% of samples with 


500 mg/dl. 


CONCLUSION: Dipstick urinalysis cannot be relied on either to detect or to exclude the presence of 
proteinuria in pregnant women. (AM J OBSTET GYNECOL 1992;167:723-8.) 


Key words: Pregnancy, proteinuria, urinalysis 


Pregnancy-induced hypertension (preeclampsia) is 
one of the most common medical complications of hu- 
man pregnancy, responsible in its more severe forms 
for much maternal and perinatal morbidity and mor- 
tality. Women with underlying chronic hypertension 
are at particular risk of “superimposed preeclampsia,” 
usually recognized by exacerbation of hypertension 
with the addition of proteinuria. Although proteinuria 
is regarded as a feature central to the diagnosis and 
assessment of severity of preeclampsia, the methods of 
reporting its presence or extent are poorly described 
and standardized. 

The most commonly used and recorded method for 
detection of proteinuria is a dipstick analysis of a ran- 
dom voided urine sample. There are few data about 
the excretion rate of urinary protein in normal preg- 
nancy. Elden and Cooney’ in 1935, reported the uri- 


From the Departments of Obstetrics and Gynecology,’ Renal Medi- 
cine,’ and Biochemistry,‘ Royal North Shore Hospital, 

Received for publication November 5, 1991; revised February 12, 
1992; accepted February 28, 1992. 

Reprint requests: E.D.M. Gallery, MD, Department of Renal Med- 
icine, Royal North Shore Hospital, St. Leonards, New South Wales 
2065, Australia. 

6/1137570 


nary protein content of an early morning urine sample 
to be between 360 and 720 mg, which they described 
as within normal limits. Unfortunately no information 
was given about the volume of the urine sample 13 
which this was measured. Because its duration was ap- 
proximately 12 hours, this would be equivalent to an 
excretion rate of between 720 and 1440 mg per 24 
hours. Dieckmann* in 1941 also stated that “Elden and 
Cooney... found that the total protein content of the 
urine was within normal limits. Our results have been 
similar,” whereas Lorincz et al.” measured urinary ex- 
cretion between 200 and 300 mg per 24 hours in four 
otherwise normal subjects. With a radioimmunoassay 
technique Lopez-Espinoza et al.* found albumin excre- 
tion in 14 normal subjects to be up to 36 mg per 24 
hours at various stages of pregnancy. 

This study was performed (1) to determine the ranze 
of normal values for the excretion rate of urinary pro- 
tein at two periods of gestation in normal pregnant 
women, (2) to examine the correlation between these 
values and dipstick measurement of concentrated early 
morning urine samples collected concomitantly, (3) to 
assess the reliability of dipstick measurement of urinary 
protein in discriminating between normal and abnor- 
mal amounts of proteinuria in pregnant women with 
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Fig. 1. Urinary 24-hour protein excretior. in normal pregnant women at two stages of pregnancy. 


hypertension, and (4) to assess the between-observer 
variability of dipstick protein estimation in urine sam- 
ples of known protein concentration. 


Material and methods 


Patients and clinical procedures. Patients involved 
in the prospective arm of the study were initially nor- 
motensive pregnant volunteers, from whom informed 
consent was obtained at the time of their first antenatal 
visit to Royal North Shore Hospital. Apart from those 
known to have preexisting chronic essential hyperten- 
sion, none of them gave a personal or family history 
suggestive of underlying renal disease. At 17 to 20 znd 
again at 33 to 36 weeks’ amenorrhea, they were asked 
to collect a 24-hour urine sample for measurement of 
protein and creatinine and at the end of the collection 
period to attend a special clinic between 8 and 9 aM, 
where a clean midstream urine sample was collected 
after insertion of a vaginal tampon. 

Sixty-eight consecutive women who had been zd- 
mitted to Royal North Shore Hospital in the third 
trimester of pregnancy because of newly developed hy- 
pertension (diastolic blood pressure =90 mm Hg) and 
positive dipstick urine test for proteinuria (=1 +, 30 
mg/dl) measured in a random urine sample, consti- 
tuted the cross-sectional study population. 

On the morning after admission to the hospital, 
blood pressure (systolic and korotkoff phase 4 diastolic) 
was measured, and blood was taken for measurement 
of creatinine, uric acid, and albumin. The first voided 
urine on this morning was tested with a multianalyte 
test strip, (Medi-Test Combi-7, Dutac Pty Ltd., Croy- 
don, Australia), and the result for protein recorded 
as negative, 30 (+), 100 (++), or 500 (+ ++) mg/cl. 
All patients were then asked to collect a 24-hour 
urine sample for formal protein and creatinine mea- 
surement. 

Laboratory methods. The following analytes were 


measured on an autoanalyzer (SMAC IT AutoAnalyzer, 
Technicon, Tarrytown, N.Y.): (1) serum albumin with 
a bromocresol green dye that combines with albumin 
to form a stable color complex measured photometri- 
cally at 630 nm, (2) serum uric acid, which was esti- 
mated by incorporating uricase to produce an indamine 
dye measured at 570 nm, and (3) serum and urine 
creatinine, which were reacted with saturated picric 
acid after sample deproteinization; the chromogen 
formed was meausred at 505 nm. 

Urinary protein analyses were performed by an ACA 
II/60 Analyzer (DuPont, Wilmington, Del.), which uses 
benzethonium chloride to form turbidity measured 
subsequently at 540 nm, 

Assessment of urine dipstick protein testing. Sixty- 
six hospital staff members (40 nurse-midwives, 14 med- 
ical practitioners, and 12 scientific officers) were each 
asked to use the standard dipstick method to test six 
urine samples in which the protein concentration had 
been previously determined but was not known to 
them. 

The dipstick test is based on the “protein error” prin- 
ciple of indicators. The test strip has a test zone con- 
taining tetrabromophenol blue, buffered to a constant 
pH value. This test zone changes color from yellow to 
green in the presence of albumin and with less sensi- 
tivity in the presence of other proteins. The manufac- 
turers state that its limit of sensitivity is a protein con- 
centration of 10 mg/dl. 

Statistical methods. The relationship between 24- 
hour protein excretion and dipstick estimation of an 
early morning sample was tested by simple linear 
regression. 


Results 


Prospective study. A total of 205 women partici- 
pated in the prospective arm of the study, nine of whom 


-had preexisting chronic essential hypertension but 
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Fig. 2. Relationship between 24-hour urinary protein excretion and dipstick testing of early morning 


urine sample in normal pregnant women. 
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Fig. 3. Urinary 24-hour protein excretion in women at two stages of pregnancy. Normal, Continuously 
normotensive; CH, women with chronic essential hypertension; PIH, women in whom pregnancy- 


induced hypertension eventually developed. 


whose pregnancies were uncomplicated. Of the re- 
mainder, 174 remained normal throughout pregnancy, 
whereas 22 developed pregnancy-induced hyperten- 
sion in the third trimester of pregnancy. These 22 
women were all normotensive and normal at physical 
examination by 12 weeks post partum. 

All patients had complete 24-hour urine collections, 
as determined by creatinine excretion. Results of 24- 
hour protein measurements in the continuously nor- 
motensive women are shown as percentile plots in Fig. 
1. Values for 17 to 20 weeks’ amenorrhea are on the 
left, and those from samples collected in the third 
trimester of pregnancy are on the right. The 95th per- 
centile value, traditionally regarded as the upper limit 
of normal, marked on both graphs by a dotted line, is 
at approximately 195 mg per 24 hours in the 17 to 20- 
weeks results and <150 mg per 24 hours at 33 to 36 
weeks. The 99th percentile for values at 17 to 20 weeks 


is at 300 mg per 24 hours and at 33 to 36 weeks is just 
below 200 mg per 24 hours. Comparison of these 24- 
hour measurements with concomitant dipstick mea- 
surements on an early morning urine sample showed 
a high frequency of false-positive results at both stages 
of pregnancy examined (Fig. 2). 

All of those destined to have pregnancy-induced hy- 
pertension underwent third-trimester study before de- 
velopment of the clinical syndrome, and neither they 
nor the women with chronic essential hypertension had 
24-hour protein excretion values outside the range of 
the normal population, as shown in Fig. 3. 

Cross-sectional study. For the 68 women admitted 
to the hospital for hvpertension and proteinuria, Table 
I shows values (mean + SEM) for systolic and diastolic 
blood pressure and for serum creatinine, uric acid, and 
albumin levels the morning after admission. 

Results for 24-hour urinary protein excretion in 
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Fig. 4. Correlation between dipstick testing of early morning urine sample and measurement of 24- 
hour protein excretion. (Subjects were 68 consecutive women admitted to hospital because of hy- 


pertension and positive dipstick test for protein.) 


Table I. Clinical and biochemical data in 
cross-sectional study population admitted with 
hypertension (n = 68) (mean + SEM) 


Weeks at admission-to hospital 34 + 0.55 
Systolic blood pressure (mm Hg) 132 + 2.0 
Diastolic blood pressure (mm Hg) 86 + 1.5 
Serum creatinine (mmol/L) 0.07 + 0.002 
Serum uric acid (mmol/L) 0.32 + 0.0] 
Serum albumin (gm/L) 36 + 0.4 


these hypertensive women and its relationship with dip- 
stick testing of the early morning urine sample are 
shown in Fig. 4. Although there was a significant re- 
lationship (r = 0.639) between these two measures of 
urine protein, there was a wide scatter, with both false- 
negative and false-positive dipstick results. 

Analysis of the results of testing of six unknown urine 
samples by 66 members of the hospital staff gave results 
as depicted in Fig. 5. In each case the assessment re- 
garded as the closest to the correct value for the quan- 
titative measurement is shown as a shaded bar, because 
the manufacturers instructions on the label quote: 
+ = 30 mg/dl, ++ = 100 mg/dl, and +++ = 500 
mg/dl. Samples a and b, both with protein concentra- 
tions at or below the limit of cetection of the dipstick 
test, were correctly assessed as negative by the majority 
of observers, although almost 20% recorded a false- 
positive value. A false-negative value was assigned to 
sample c by 40% of the observers. Most (78%) under- 
estimated the value of sample d, with 8% recording a 
negative value. The majority of subjects assigned a + + 
value to sample e. In sample f, with the highest prctein 
concentration, there were no false-negative findings, 


but two subjects assessed this as only +, whereas a 
further 12 assigned it + + rather than + + +. 


Comment 


Although there are many recommendations given in 
the literature as to the level of proteinuria to be re- 
garded as abnormal is pregnancy, results from the lon- 
gitudinal study presented here (Fig. 1) document 
clearly for the first time that 24-hour urinary protein 
excretion is not significantly different in pregnancy 
from values quoted for the nonpregnant population, 
in spite of the significant changes known to occur in 
other parameters of renal function.* ° The 95th per- 
centile values for urinary protein were <200 mg per 
24 hours at both stages of pregnancy examined. None 
of the women with chronic essential hypertension had 
excessive urinary excretion of protein (Fig. 3). The 22 
women who subsequently had pregnancy-induced hy- 
pertension were indistinguishable by their urinary pro- 
tein excretion values before the appearance of the clin- 
ical syndrome, supporting the general view in the lit- 
erature that the development of proteinuria is a 
relatively late occurrence in this disorder. 

In these paients all the dipstick protein measure- 
ments were made by one observer, all samples were 
collected after insertion of a vaginal tampon to mini- 
mize contamination by vaginal secretions, and partic- 
ular attention was paid to collection of a midstream 
urine sample. In spite of these precautions, a significant 
proportion of these normal values was associated with 
false-positive estimations by urinary dipstick (Fig. 2), 
demonstrating that an abnormal population cannot be 
defined by the presence of 1+ on dipstick urinalysis. 

Examination of the values from those admitted to 
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Fig. 5. Assessment of proteinuria by hospital staff members (n = 66), who test urine with dipsticks 
as part of their normal daily patient care activities. Those involved were 40 nurse-midwives, 14 
medical graduates, and 12 scientific officers. Shaded bars, Agreement between dipstick and quanti- 


tative measurement. 


the hospital with at least 1+ proteinuria on dipstick 
reinforces this point. Within this population of hyper- 
tensive women there were both false-positive and false- 
negative values for dipstick tests (Fig. 4). Although the 
correlation was reasonable overall (r = 0.639) and only 
two subjects (3%) had negative dipstick tests with = 1000 
mg per 24-hour proteinuria, this underlines the po- 
tential significance for some patients of reliance on such 
an imprecise test. Dipstick protein values of 1+ were 
associated with an extremely wide scatter of value for 
24-hour protein excretion, from 0 to 2400 mg, showing 
that no reliance can be placed on these values. They 
cannot be ignored, because a considerable number of 
them did indicate the presence of pathologic amounts 
of proteinuria, but neither can they be taken confi- 


dently to indicate the presence of significant protein- 
uria. They merely indicate a need to make a timed 
measurement of urine protein excretion. 

All patients with =2+ proteinuria on dipstick had 
confirmation, so it would appear reasonable to accept 
these dipstick values as abnormal in a clinical setting. 
This would clearly be unacceptable for attempted quan- 
titation in a research study, because the scatter within 
this abnormal group was great, + + being associated 
with 24-hour excretion ranging from 700 to 4000 mg 
and + + + with values ranging from 1200 to 7000 mg 
per 24 hours. 

The reason for the wide scatter of results is apparent 
when the results for dipstick estimation of protein in 
samples of known concentration are examined (Fig. 5). 
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This information ts similar to that from a number of 
previous publications’ dealing with different patient 
populations and using several different brands of urine 
testing strips, which all use the same basic test principle. 
The color change involved (from yellow to green and 
among different shades of light green) is quite a dif- 
ficult one to assess accurately, a fact commented on by 
many of the subjects who participated in this portion 
of the study. Interobserver variation is quite larze for 
this estimation, especially but not solely around the 
1+ value. None of the samples tested had a pH >6 
(false-positive results can be seen in alkaline urine 
samples). 

Because 24-hour urine volume is determined in nor- 
mal subjects predominantly by fluid intake and bears 
no fixed relationship to urinary protein excretion, there 
seems no reason to define urinary protein excret-on by 
a concentration. We would recommend therefore that 
in any patient with reason to suspect the presence of 
pregnancy-induced hypertension (preeclampsia) or 
other cause of proteinuria, a timed collection be 
performed for both detectior and quantitation of pro- 
teinuria. 
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Simian virus 40—transformed human ovarian surface epithelial 


cells escape normal growth controls but retain morphogenetic 


responses to extracellular matrix 


Sarah L. Maines-Bandiera, MS, Patricia A. Kruk, MSc, and Nelly Auersperg, MD, PhD 


Vancouver, British Columbia, Canada 


OBJECTIVE: We aimed to improve the availability of experimental models for the study of human ovarian 


surface epithelium. 


STUDY DESIGN: Low-passage cultures of human ovarian surface epithelium were transfected with SV40 


large-T antigen and the resulting lines were characterized. 


RESULTS: Three immortalized lines were obtained. They formed epithelial monolayers resembling ovarian 
surface epithelium in serum-free medium, expressed large-T antigen and overexpressed p53, produced 
laminin, and were CA 125 negative. Two lines expressed keratin. On plastic surfaces, the growth rate and 
growth potential of immortélized ovarian surface epithelium were increased over the growth of ovarian 
surface epithelium, but on extracellular matrices their growth and morphologic features resembled ovarian 


surface epithelium. The lines were not tumorigenic in Nu/Nu mice. 


CONCLUSION: The immortalized ovarian surface epithelium lines resemble cells early in neoplastic 
progression and should be useful to study ovarian carcinogenesis. (AM J OBSTET GYNECOL 1992;167:729-35.) 


Key words: Ovarian surface epithelium, transformation, immortalization, extracellular 


matrix, Ovarian carcinogenesis 


The ovarian surface epithelium is the source of the 
epithelial ovarian carcinomas, which are the leading 
cause Of death from gynecologic cancers in North 
American women. Relatively little is known about the 
physiologic and pathologic characteristics of this epi- 
thelium, in spite of its clinical importance, because, until 
recently, no adequate experimental systems for its study 
were available. Some of its specific characteristics, nu- 
tritional requirements, and responses to growth factors 
have now been defined under culture conditions.'“ 
However, because normal ovarian surface epithelium 
constitutes only a very small part of the ovary and does 
not survive in culture for many passages, it has been 
difficult to obtain ovarian surface epithelium cells in 
sufficient quantitites for large-scale experiments. The 
current study was undertaken to overcome this prob- 
lem by increasing the growth potential of cultured ovar- 
ian surface epithelium through transformation with 
simian virus 40 (SV40) large-T antigen. The immor- 
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talization of cells by deoxyribonucleic acid (DNA) tu- 
mor viruses has been widely used to establish contin- 
uous cell lines. Specific immortalizing genes have been 
identified in polyomaviruses (including $V40), ade- 
noviruses, and papillomaviruses.* ° The extent of the 
immortalizing effect varies with the agent and is species 
dependent: For example, whereas $V40-transformed 
rodent cells commonly acquire an indefinite growth 
potential, such transformation of human diploid fibro- 
blasts results in significantly prolonged life spans but 
does not prevent eventual senescence and cell death. 
The immortalizing gene product of SV40 is the large- 
T antigen. The introduction of this gene into differ- 
entiated primary human cells has been a particularly 
successful means to obtain immortalized, nontumori- 
genic lines that retain characteristics of the tissue of 
origin.’ Large-T antigen localizes predominantly in the 
nucleus, where it binds to several cellular proteins, 
which include the products encoded by the tumor sup- 
pressor genes p53 and p105 RB. The transforming 
activity of large-T antigen appears to depend on this 
binding and on the resulting interference with the 
growth regulatory activities of the p53 and p105 RB 
proteins.” Inactivation by large-T antigen is associated 
with increased stability and increased steady-state levels 
of p53. In experimental systems, mutations within spe- 
cific highly conserved regions of the p53 gene lead to 
similar changes, as well as to immortalization, and to 
complete malignant transformation in cooperation with 
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activated ras oncogenes.® Similar mutations in p53 have 
been demonstrated in several types of human malig- 
nancies. Importantly, mutated overexpressed p53 was 
recently found in 50% (54/107) of epithelial ovarian 
cancers but not in benign cvaries or benign ovarian 
tumors.” In addition to its interactions with the tumor 
supressor gene products, large-T antigen binds to the 
cellular transcription factor AP-2.° This association rep- 
resents another possible means. by which large-T an- 
tigen may influence gene expression and thus growth 
and differentiation. 

In the current study low-passage cultures of normal 
and atypical ovarian surface epithelium were trans- 
fected with a large-T antigen—containing vector. The 
cells were successfully transformed and gave rise to 
lines that overexpress p53, have an increased growth 
potential and reduced serum dependence, but are non- 
tumorigenic and express several characteristics of nor- 
mal ovarian surface epithelium. These lines should be 
particularly useful for the study of early stages in ovar- 
ian carcinogenesis. 


Material and methods 


Cell culture. Ovarian surface epithelium was scraped 
from the surface of grossly normal ovaries that were 
obtained at surgery for benign gynecologic diseases 
from three patients (with code names of Heff, Mar, and 
Van). Subsequent to surgery, the ovarian surface epi- 
thelium of Mar fOSE-Mar) and Van (OSE-Van) was 
found to be histologically unremarkable and CA 125 
negative, but the ovarian surface epithelium of Heff 
(OSE-Heff) was ciliated and CA 125 positive. The cells 
were cultured as described previously? in medium 199— 
MCDB105—15% fetal bovine serum with 25 pg/ml 
gentamicin and passaged with 0.06% trypsin (1:250) 
and 0.01% ethylenediaminetetraacetic acid when con- 
fluent. The cells’ origin in ovarian surface epithelium 
was initially confirmed by their characteristic epithelial 
morphologic features and keratin expression.' Culture 
reagents were obtained from Grand Island Biologicals 
(GIBCO, Grand Island, N.Y.) and Sigma (St. Louis), 
and serum and highly puritied fetuin were from Hy- 
clone (Logan, Utah). To evaluate serum dependence 
for proliferation, growth in. medium 199—-MCDB105 
with 15% fetal bovine serum was compared with growth 
in the same synthetic medium supplemented with 500 
ug/ml of highly purified fetuin, 5 pg/ml of a-mac- 
roglobulin, 0.1 pg/ml lipoic acid, 200 ng/ml phospha- 
tidylcholine, 20 g/ml transferrin, 15 wg/ml insulin, 
33 pg/ml ethanolamine, and 400 ng/ml hydrocortisone 
(defined medium). Cells seeded at2 x 10* cells per well 
in quadruplicate 2.0 cm? wells were counted after 6 
days. 

Immortilization. Subconfluent cultures of OSE-Heff 
in passage 2, OSE-Mar in passage 5, and OSE-Van in 
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passage I were transfected by calcium phosphate pre- 
cipitation, with the $V40 large-T antigen—containing 
plasmid’ PX-8 at 5 pg DNA per 35 mm culture dish. 
After 18 hours the DINA-containing medium was re- 
placed. with fresh medium. The cells were left undis- 
turbed for 1 week. Colonies of small cells began to 
appear after 10 to 14 days, and cells were either tryp- 
sinized with cloning cylinders or scraped off and trans- 
ferred to new dishes. No selectable marker was in- 
cluded, since the untransfected cells were lost through 
senescence. The expression of large-T antigen was con- 
firmed in the transfected cells by immunocytochemical 
examination with mouse monoclonal antibody” 
PAb1604 and goat antimouse immunoglobulin G la- 
beled with horseradish peroxidase. 

Substrata. The morphologic features and growth 
patterns of ovarian surface epithelium and immortal- 
ization ovarian surface epithelium cells on plastic, rat- 
tail tendon—derived collagen gel’? and Matrigel (Col- 
laborative Research, Bedford, Mass.) were compared 
by phase microscopy and on hematoxylin and eosin~ 
stained sections. To prepare collagen gels, one part 
0.34N sodium hydroxide was mixed with two parts x 10 
medium 199 and then added to 12 parts of rattail ten- 
don—derived collagen gel solution. This solution was 
added to 24-well plates at 0.5 ml per well and allowed 
to gel overnight at 37° C. For the Matrigel preparation, 
frozen Matrigel was thawed overnight at 4° C, added 
undiluted at 0.4 ml per well, and allowed to gel at 
37° C for 30 minutes. To evaluate proliferation, 2 x 10% 
cells per 2 cm? well were seeded, and to observe mor- 
phogenesis within dense cultures, 8 to 10 x 10° cells 
per well were seeded. The cultures were maintained 
for 7 to 10 days, and medium was changed as required. 

Characterization. The cells were classified morpho- 
logically as compact (cobblestone), flat, or atypical ep- 
ithelial, by the criteria of Siemens and Auersperg.’ Ker- 
atin and laminin were observed by immunofluores- 
cence microscopy, and CA 125 and p53 underwent 
immunocytochemical examination. Keratin was dem- 
onstrated with the monoclonal antibodies’ AE] and 
AE3 with rhodamine B isothtocyanate—conjugated goat 
antimouse IgG (Hyclone) as the second antibody.” For 
laminin, cultures were reacted with rabbit antilaminin 
(Bethesda Research Laboratories, BRL, Gaithersburg, 
Md.) and rhodamine B isothiocyanate—conjugated goat 
antirabbit IgG (Cappel, Scarborough, Ontario) anti- 
bodies as described previously. The monoclonal an- 
tibody OC 125 was used as the first antibody for CA 
125, whereas PAb 1801 (Oncogene Science, Manhasset, 
N.Y.) was used for p53. The second antibody was 
horseradish peroxidase~labeled goat antimouse IgG 
(H & L Specific, Bicrad, Mississauga, Canada), and 
color was developed in 0.025% diaminobenzidine— 
0.01% hydrogen peroxide—0.04% nickel chloride. Pos- 
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Fig. 1. Immortalized ovarian surface epithelium cells dem- 
onstrate intense nuclear staining for p53. Immunocytochem- 
ical examination. (X 375.) 


itive control cells were the human cervical carcinoma 
lines C-41" for keratin, C-33 for p53, the immortal- 
ized nontumorigenic rat ovarian cell line ROSE 239'5 
for laminin, and the human ovarian carcinoma line 
OVCAR-3" for CA 125. Normal serum replaced the 
primary antibody for negative controls. 

Tumorigenicity. Immortalized OSE-Heff (LOSE- 
Heff) and OSE-Mar (IOSE-Mar) cells were injected 
into Nu/Nu female mice aged 6 to 7 weeks, either sub- 
cutaneously at 1 X 10° cells per inoculum or intra- 
peritoneally at 3 x 10° cells per inoculum. Three mice 
were used for each line and inoculation site. 


Results 

Within days after transfection, small colonies of ep- 
ithelial, rapidly growing cells appeared in the trans- 
fected cultures. These cells outgrew the senescing un- 
transfected populations and gave rise to three immortal 
lines, IOSE-Heff, LOSE-Mar, and immortalized OSE- 
Van (LOSE-Van). Large-T antigen and p53 were ex- 
pressed uniformly in all three cell lines (Fig. 1). 

The immortalized ovarian surface epithelium lines 
grew more rapidly than untransfected ovarian surface 
epithelium and reached higher densities in media sup- 
plemented with 15% fetal bovine serum (Fig. 2). Their 
proliferative potential in this medium was greatly en- 
hanced: To date, they have been passaged up to 20 
times (1:10 splits) while ovarian surface epithelium se- 
nesces after seven to 10 passages with 1:3 splits. Thus 
the immortalized ovarian surface epithelium lines pro- 
vide large amounts of cells; however, as has been re- 
ported for other human lines immortalized with large- 
T antigen, they do eventually senesce: Two of the lines 
(IOSE-Mar and IOSE-Heff ) underwent a progressive 
reduction of growth and the characteristic morphologic 
changes associated with senescence after 20 and 15 pas- 
sages, respectively. The growth characteristics of TOSE- 
Van, passaged 17 times to date, have not changed. All 
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Fig. 2. Growth of low-passage ovarian surface epithelium cells 
and immortalized ovarian surface epithelium lines in 15% fetal 
bovine serum (black bars) or defined medium (white bars). Cells 
were seeded at 2 x 10* cells per well and counted after 6 days. 
Average of four wells (+SEM). 


three lines were serum independent: In contrast to low- 
passage ovarian surface epithelium, the immortalized 
ovarian surface epithelium lines proliferated in defined 
medium (Fig. 2), and they replicated as efficiently in 
medium with 2% fetal bovine serum as in medium with 
15% fetal bovine serum (data not shown). The lines 
varied in their response to crowding: Confluent LOSE- 
Van and IOSE-Heff remained monolayered and shed 
cells into the medium, while crowded IOSE-Mar cells 
retracted from the plastic, piled up, and continued to 
proliferate rapidly. 

Morphologically, low-passage OSE-Van formed com- 
pact monolayers of cobblestone cells at the time of 
transfection, while the phenotypes of OSE-Heff and 
OSE-Mar were flat and atypical epithelial, respectively 
(Fig. 3).' After immortalization, all lines remained ep- 
ithelial. but the cells were smaller. However, on defined 
medium all three lines assumed the cobblestone mor- 
phologic characteristics typical of low-passage ovarian 
surface epithelium. All three lines produced laminin 
(Fig. 4, A). This marker, in conjunction with their mor- 
phologic characteristics, is in keeping with their epi- 
thelial origin. The expression of keratin (Fig. 4, B), 
another epithelial marker, mimicked the phenotype 
that was present at the ume of transfection: The low- 
passsage OSE-Heff and OSE-Van were keratin positive, 
and the immortal lines retained this characteristic. In 
contrast, OSE-Mar had been 50% keratin positive when 
tested in passage 1 but was negative at the time of 
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Fig. 3. Before transfection, cultures of OSE-Mar (A) and OSE-Heff (B) were atypical and flat 
epithelial, respectively, whereas OSE-Van (C) formed compact monolayers of cobblestone cells (see 
reference | for definitions of growth patterns). After immortalization, IOSE-Mar and IOSE-Heff 
(D and E) remained epithelial, but LOSE-Mar retracted from plastic when crowded. IOSE-Van (F) 
retained cobblestone morphologic features of low-passage ovarian surface epithelium. However, 
when maintained on defined medium, all immortalized ovarian surface epithelium lines formed 
cobblestone monolayers (G, Ose-Mar; H, LOSE-Heff; I, LOSE-Van). Phase contrast microscopy. 


(Original magnification X 150.) 


transfection in passage 5. The resulting immortal line 
was similarly negative. In contrast, the expression of 
CA 125 changed with immortalization: Approximately 
half of the OSE-Heff cells expressed CA 125 at the time 
of transfection, but ILOSE-Heff was completely CA 125 
negative. Because of their morphologic resemblance to 
endothelial cells, the cultures were tested for the 
expression of factor VIII by immunofluorescence. All 
three cases were factor VIII negative (data not shown). 

All immortalized ovarian surface epithelium lines, as 
well as low-passage ovarian surface epithelium, re- 
tained epithelial morphologic features and proliferated 
on plastic. However, when plated on Matrigel, both the 
ovarian surface epithelium and immortalized ovarian 
surface epithelium cells formed extensive branching 


aggregates that appeared to penetrate and lyse the ma- 
trix (Fig. 5). There was little or no cell proliferation in 
any of these cultures. On collagen gels, ovarian surface 
epithelium and immortalized ovarian surface epithe- 
lium seeded at low densities had a very spindly mor- 
phologic appearance. Under these conditions ovarian 
surface epithelium did not replicate, and the prolif- 
eration of immortalized ovarian surface epithelium was 
greatly reduced. Densely seeded ovarian surface epi- 
thelium and immortalized ovarian surface epithelium 
cells formed mixed colonies of epithelial and spindle- 
shaped cells in serum-containing media but formed 
monolayers resembling low-passage ovarian surface ep- 
ithelium in defined medium. In cultures of both ovar- 
ian surface epithelium and immortalized ovarian sur- 
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Fig. 4. Epithelial nature of immortalized ovarian surface ep- 
ithelium cells was confirmed by production of laminin (A) by 
all immortalized ovarian surface epithelium lines and reten- 
tion of keratin expression (B) by IOSE-Heff and IOSE-Van. 
Immunofluroescence microscopy. (X 375.) 


face epithelium, spindle-shaped cells detached from the 
colonies on the gel surface and invaded the gels 
(Fig. 6). 


To test for tumorigenicity, LOSE-Mar and IOSE-Heff 


cells were inoculated into Nu/Nu mice. At 6 months 
after inoculation no tumors had been formed by either 


line. 


Comment 

The $V40-transformed lines produced in this study 
provide an excellent system for investigation of ovarian 
carcinogenesis. In particular, they share characteristics 
with cells in early stages of neoplastic progression. In 
view of the great need for better means of early de- 
tection in the management of ovarian cancer, the im- 
portance of understanding and defining changes that 
occur during these stages cannot be overstated. 


The phenotypic variation among the three immortal 


lines described in this study illustrates the influence of 


the state of differentiation at the time of transfection 
on the subsequent characteristics of the immortalized 
lines'®: OSE-Van and OSE-Mar were both derived from 
histologically normal ovaries, but by the time of trans- 
fection, OSE-Mar cells had been in culture longer and 


Fig. 5. Both ovarian surface epithelium (A) and immortalized 
ovarian surface epithelium (B) cells formed extensive branch- 
ing aggregates on Matrigel. Phase contrast microscopy. 
(x 150.) 


were considerably more atypical than OSE-Van cells. 
Consequently, IOSE-Mar is the more atypical of the 
two immortal lines: The cells grow more rapidly, be- 
come multilayered when crowded, lack keratin, and are 
more atypical morphologically. 

A similar correlation between the differentiated state 
of cells at the time of transfection and the resulting 
phenotype has been observed in SV40-transformed 
cells derived from rat ovarian granulosa cells’? and bo- 
vine adrenocortical cells.”° The basis for the stability of 
the phenotypic state that exists at the time of transfor- 
mation is not understood, but it has been suggested 
that changes in DNA methylation may be involved ® * 
It is particularly interesting that the third case, OSE- 
Heff, originated from an ovary where the ovarian sur- 
face epithelium was atypical, ciliated, and CA 125 pos- 
itive, thus showing early preneoplastic changes. How- 
ever, by the criteria tested, no phenotypic difference 
was observed between IOSE-Van and [OSE-Heff. It ts 
possible that the atypical characteristics of OSE-Heff 
that were observed in situ depended on (mi- 
cro)environmental influences that were present in the 
ovary but lacking in culture. 


One of the characteristics of large-T antigen—trans- 


734 Maines-Bandiera, Kruk, and Auersperg 





E L ` ~ a : 


Lant $ Ta be p 


Fig. 6. On surface of collagen gels, crowded cultures of ovarian 
surface epithelium (A) and immortalized ovarian surface ep- 
ithelium (B) consisted of mixtures of epithelial and spindle- 
shaped cells. In C, focus is deep inside gel, showing single 
spindle-shaped cells that detached from monolayer and im- 
vaded gel. Phase contrast microscopy. (X 200.) 


formed cells is reduced dependence on exogenous 
growth factors.” The three immortalized ovarian sur- 
face epithelium lines were serum independent but grew 
in defined medium at different rates. This variation 
suggests that the lines might produce different types 
and/or amounts of autocrine growth-stimulatory fac- 
tors. While the immortal lines escaped the growth-con- 
trolling effects of defined medium and density depen- 
dence on plastic, they remained responsive to the 
growth-inhibitory influences of extracellular matrix 
components. The morphologic characteristics of ovar- 
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lan surface epithelium and immortalized ovarian sur- 
face epithelium cells were also similar when grown on 
extracellular matrices. In both types of cultures densely 
seeded cells formed predominantly epithelial mono- 
layers on the collagen gel surface, but some of the cells 
assumed fibroblast-like shapes and penetrated into the 
gells. Although at first glance this cellular behavior is 
reminiscent of malignant invasion, it is important to 
note that it was also observed in cultures of normal, 
low-passage immortalized ovarian surface epithelium 
cells and that normal fibroblasts also invade collagen 
gels. This modulation in cellular form and function by 
ovarian surface epithelium is therefore likely a new 
example of epitheliomesenchymal transformation, a 
phenomenon that has recently been described in cul- 
tures of thyroid cells maintained in three-dimensional 
matrices.” The capacity of ovarian surface epithelium 
to modulate to a fibroblastic phenotype suggests the 
possibility that, in addition to the common ovarian ep- 
ithelial cancers, these cells might also give rise to con- 
nective tissue—type tumors. It therefore supports the 
hypothesis, which is based on previous work with rat- 
derived ovarian surface epithelium, that ovarian en- 
dometrioid stromal sarcomas might be of ovarian sur- 
face epithelium in origin.” 

When maintained on Matrigel, which is made up of 
basement membrane components, the immortal lines 
again behaved identically to low-passage ovarian sur- 
face epithelium. The large aggregates, which subse- 
quently extended branches, lysed the Matrigel, and 
burrowed into the matrix, resembled capillary sprouts 
in Matrigel cultures of endothelial cells,” collecting 
duct tubulogenesis in Matrigel cultures of mouse kid- 
ney cells,” and mammary epithelial cultures in the pro- 
cess of duct formation’? under similar conditions. It is 
tempting to speculate that here the ovarian surface ep- 
ithelium and immortalized ovarian surface epithelium 
cells expressed a phentoype that is related to sex cord 
or mullerian duct formation in the embryo. 

The escape from growth controls by the immortal 
cells supports other evidence indicating that large-T 
antigen interferes with the growth-regulatory functions 
of the p53 and p105 RB proteins. At the same time the 
immortal lines retained differentiated characteristics 
including the capacity to express normal growth pat- 
terns under appropriate culture conditions, and they 
were nontumorigenic. These results support the con- 
clusion by Marks et al.” that aberrant expression of p53, 
while common, is likely not sufficient to attain malig- 
nancy in Ovarian tumors. The immortal lines described 
in this report represent a highly promising system for 
further studies of ovarian carcinogenesis. 

We are grateful to Dr. John Booth, Department of 
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Normal fetal cardiac flow velocity waveforms between 11 and 


16 weeks of gestation 


Juriy W. Wladimiroff, MD, PhD, Patricia A. Stewart, PhD,* Marian T. Burghouwt,* and 


Theo Stijnen, PhD? 
Rotterdam, The Netherlands 


OBJECTIVES: The purpose of our study was to determine the nature of fetal cardiac flow velocity 


waveforms in |ate-first- and early-second-trimester pregnancies. 


STUDY DESIGN: Eighty-eight normal pregnancies were studied according to a cross-sectional study 


design between 11 and 16 weeks of gestation. 


RESULTS: Fetal waveforms at the semilunar level showed a gestional age-related rise in peak systolic 
flow velocities, with significantly higher velocities in the ascending aorta. Similarly, a gestational 
age-related rise in peak-E wave (early diastolic filling) and peak-A wave (atrial contraction) velocity was 
observed at the atrioventricular level, with significantly higher velocities at the tricuspid valve level. 
CONCLUSIONS: Compared with late gestation, these data suggest a reduced ventricular compliance or 
ventricular relaxation rate and a raised cardiac afterload in the normally developing late-first- and 
early-second-trimester fetus. (AM J OBSTET GYNECOL 1992:167:736-9.) 


Key words: Doppler ultrasonography, fetal flow velocity waveforms, fetal heart 


Recent transvaginal Doppler ultrasonographic 
studies’ * suggest that normally developing late-first- 
trimester pregnancies (11 to 12 weeks’ gestation) are 
characterized by absent end-diastolic flow velocities in 
the umbilical artery! and low early-diastolic filling ve- 
locities (E-wave velocities) relative to flow velocities dur- 
ing atrial contraction (A-wave)’. 

From 12 to 13 weeks’ gestation there is a resurgence 
of endovascular trophoblast migration with subsequent 
invasion and destruction of the muscular layer of the 
spiral arteries, resulting in flaccid low-resistance utero- 
placental vessels.’ It is of interest at approximately the 
same time, end-diastolic flow velocities appear in both 
the fetal descending aorta and umbilical artery, sug- 
gesting a reduction in vascular resistance at the fetal 
trunk and umbilical placental levels.‘ No information 
is available on cardiac performance under these cir- 
cumstances. Fetal heart rate demonstrates a marked 
reduction in late-first-trimester pregnancies that has 
been associated with maturation of the parasympathetic 
system.” 

The objective of our study, therefore, was to establish 
fetal flow velocity waveform patterns at atrioventricular 
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and outflow tract levels between 11 and 16 weeks’ ges- 
tation, taking into account the possible effect of fetal 
heart rate on these waveform patterns. 


Material and methods 


Eighty-eight women with normal singleton pregnan- 
cies between 11 and 16 weeks’ gestation (median 14 
weeks) consented to participate in the study. The pro- 
tocol for the Doppler studies was approved by the Hos- 
pital Ethics Review Board. Maternal age ranged be- 
tween 18 and 36 years (median 26 years). 

Ultrasonographic Doppler recordings (Hitachi EUB 
405, Hitachi Medical Cooperation, Tokyo) were per- 
formed. Depending on fetal size and position a com- 
bined transvaginal real-time and pulsed Doppler sys- 
tem (3.5 MHz and 6.0 MHz, respectively) or a combined 
transabdominal real-time and pulsed Doppler system 
(3.5 MHz and 3.0 MHz, respectively) was used. The 
power output was always <100 mW/cm spatial peak 
temporal average in imaging and Doppler modes. 
Doppler studies were performed by J.W.W. and P.A.S. 
Transtricuspid and transmitral flow velocity waveforms 
were recorded from the two-dimensional image in the 
four-chamber view.® The sample volume (0.1 to 0.3 cm) 
was placed immediately distal to the tricuspid and mi- 
tral valves. Flow velocity waveforms from the fetal as- 
cending aorta were obtained from the five-chamber 
view,’ fetal pulmonary artery flow velocity waveforms 
were recorded from the conventional echocardio- 
graphic short axis view’ and Doppler sample volumes 
(0.1 to 0.3 cm) were placed in the great vessels imme- 
diately distal to the semilunar valves. The angle be- 
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Fig. 1. Flow velocity waveforms at mitral valve (MV, left panel) and tricuspid valve levels (TV, right 


panel) at 12 weeks’ gestation. 


tween the Doppler cursor and the assumed direction 


of flow was always <20 degrees. The high-pass filter 


was set at 100 Hz. 

Each woman was included in the study only once. 
Pregnancy duration was calculated from the last men- 
strual period and confirmed by ultrasonographic mea- 
surements of the fetal crown-rump length at 11 to 12 
weeks or the biparietal diameter at 12 to 16 weeks. All 
Doppler studies were performed with the woman in 
the semirecumbent position during fetal apnea. 

All flow velocity waveforms were recorded and an- 
alyzed on a microcomputer (Olivetti M24, Olivetti B.V., 
Leiden, The Netherlands) linked to a graphic tablet. 
Waveforms analysis consisted of the following calcula- 
tions: 

l. At the atrioventricular level: mean velocity (cen- 
timeters per second), peak velocity (centimeters per sec- 
ond) of E-wave (passive atrial filling) and A-wave (atrial 
contraction) and E-wave/ A-wave ratio at tricuspid and 
mitral valve levels. 

2. At the outflow tract level: mean velocity (centi- 
meters per second) and peak velocity in the ascending 
aorta and pulmonary artery. 

3. Fetal heart rate (beats per minute) from the time 
interval (milliseconds) between the peak systolic veloc- 
ities of two successive pulmonary or aortic waveforms. 

At all four recording levels an average of three con- 
secutive flow velocity waveforms with the highest ve- 
locity and similar appearance was used to establish each 
parameter. 

Statistical analyses included simple linear regression 
analysis for comparison of flow velocity waveform pa- 
rameters with gestational age. On the basis of a pre- 
viously established marked drop in fetal heart rate in 
late-first- and early-second-trimester pregnancies,’ 
multiple-regression analysis was subsequently per- 


formed to relate waveforms to gestational age, con- 


trolling for fetal heart rate. Wilcoxon’s rank sum test 
was applied to establish (1) differences in mean velocity, 
peak E-wave and peak A-wave velocity between trans- 
mitral and transtricuspid flow velocity waveforms; 
and (2) differences in peak and mean flow velocity be- 
tween aortic and pulmonary flow velocity waveforms. 
The level of statistical significance was set at p = 
0.05. 


Results 

Technically acceptable waveforms were obtained at 
tricuspid and mitral valve levels in 56 (63.5%) and 60 
(68%) women and from the ascending aorta and pul- 
monary artery in 59 (67%) and 70 (79.5%) women, 
respectively. Recording failures were not confined to a 
particular gestational age. 

Transvaginal scanning was carried out in all women 
at 11 to 12 weeks, in 55% of women at 13 weeks, and 
in 22% of women at 14 weeks of gestation. Transab- 
dominal scanning was performed in the remaining 45% 
of women at 13 weeks, in 78% of women at 14 weeks, 
and in all women at 15 to 16 weeks’ gestation. Figs. | 
and 2 depict flow velocity waveforms from all four rec- 
ording levels at 12 weeks’ gestation. 

There was a significant negative correlation 
(r = 0.64; p < 0.0001) between fetal heart rate and ges- 
tational age. After adjustment for fetal heart rate, a 
statistically significant positive correlation was estab- 
lished for (1) mean velocity, peak E-wave, and E- 
wave/A-wave ratio at tricuspid valve level (p < 0.0001) 
and peak E-wave and E-wave/A-wave ratio at mitral 
valve level (p < 0.0001); and 2) mean velocity and peak 
velocity in the pulmonary artery (p < 0.000 1) and peak 
velocity in the ascending aorta (p < 0.0001). 

Peak velocity was significantly higher (p < 0.0001) in 
the ascending aorta than in the pulmonary artery 
(Table 1). Mean, peak E-wave, and peak A-wave veloc- 
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Fig. 2. Flow velocity waveforms from ascending aorta (AO, left panel) and pulmonary artery (PA, 


right panel) at 12 weeks’ gestation. 


Table I. Flow velocity waveform parameters (mean + SD) at all four measuring sites 
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ities were significantly higher (p < 0.0001) at tricuspid 


valve level than at mitral valve level. 


Comment 


This is a first study on human fetal flow velocity 
changes at atrioventricular and outflow tract levels in 
late-first- and early-second-trimester pregnancies. At 
= 13 weeks of gestation the transvaginal approach is the 
method of choice for collecting technically acceptable 
cardiac flow velocity waveforms. At 13 to 14 weeks, fetal 
size may render this approach increasingly unsuccess- 
ful. At 215 weeks of gestation only the transabdominal 
approach will allow acceptable recordings of cardiac 
flow velocity waveforms. 

Cardiac performance is influenced by heart rate, pre- 
load, afterload, and intrinsic properties of both ven- 
tricles. Our study confirms earlier data’ indicating a 
significant drop in fetal heart rate in late first- and early 
second-trimester pregnancies. In fetal lambs it has been 
shown that cardiac function is particularly sensitive to 
changes in afterload,* which are determined by blood 
pressure and vascular resistance. The gestational age— 
related rise in peak flow velocity at the semilunar level 
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may be accounted for by increased volume flow 
through the semilunar valves, raised contractility, or 
reduced afterload. Of interest therefore are recent 
data’ collected from the human fetal descending aorta 
and umbilical artery between 11 and 16 weeks of ges- 
tation that suggest an age-related reduction in after- 
load. A physiologic decrease in vascular resistance at 
umbilical placental and trunk levels has been postulated 
on the basis of increased end-diastolic flow velocities in 
these vessels. 

Peak-systolic velocity correlates to some extent with 
mean velocity. However, in our study no age-related 
change was observed for mean velocities in the ascend- 
ing aorta. This finding is in partial agreement with 
observations made later in pregnancy” ” in which no 
gestational age-related change in mean velocities could 
be established in both outflow tract vessels. 

The higher peak-systolic velocities in the ascending 
aorta compared with the pulmonary artery may be a 
result of a difference in the semilunar valve area be- 
tween the two vessels, as has been suggested on the 
basis of similar findings in late pregnancy.’ Alterna- 


tively, a relatively low fetal cerebral vascular resistance 
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with a subsequently lower afterload to the left ventricle 
may be responsible for the a forementioned difference. 
Of interest, therefore, is a previous study on late-first- 
trimester fetal flow velocity waveforms? in which the 
abscence of end-diastolic flow velocities in the descend- 
ing aorta and umbilical artery was often associated with 
the presence of end-diastolic flow velocities in the ce- 
rebral arteries, suggesting a relatively low cerebral vas- 
cular resistance at this early stage of gestation. 

At both mitral and tricuspid valve levels there was a 
marked rise in peak E-wave velocities and E-wave/A- 
wave ratios with advancing gestational age, together 
with rather constant peak A-wave velocities. These find- 
ings suggest a shift of blood flow from late to early 
diastole, which may result from increased ventricular 
compliance, raised ventricular relaxation rate, or re- 
duced afterload. However, similar to the ascending 
aorta, no gestational age—related changes were ob- 
served for mean velocities at mitral valve level. 

Both peak E-wave and peak A-wave velocities are 
responsible for the higher mean velocities at tricuspid 
valve level compared with mitral valve level. Because 
volume flow is equal to mean velocity multiplied by 
vessel area, the higher transtricuspid mean velocities 
may reflect increased right ventricular stroke volume 
and output. The noninvasive nature of human fetal 
Doppler studies, however, does not allow sufficient ev- 
idence for these explanations. 

It can be concluded that late-first- and early-second- 
trimester pregnancies are characterized by significant 
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changes in flow velocities at both atrioventricular and 
semilunar level. Whereas the exact mechanisms re- 
sponsible for these changes are still unknown, the data 
presented may serve as a basis for Doppler waveform 
studies in early pregnancy pathology. 
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OBJECTIVE: Endogenous opiates may play a role in both fetal physiologic functions and the adaptation to 
intrauterine stress. However, our understanding of this role is hampered by an absence of data on 


circulating levels of these substances during fetal life. 


STUDY DESIGN: We measured serum f-endorphin values with a radioimmunoassay in 81 paired fetal 
and maternal blood samples and 24 neonatal cord specimens. The former samples were uneventfully 
obtained from uncomplicated pregnancies between 18 and 39 weeks of gestation at the time of 


cordocentesis for prenatal diagnosis. 


RESULTS: Mean fetal B-endorphin concentrations were significantly lower than 8-endorphin values from 
neonates (90.5 pg/ml [+59.4] vs 228.4 pg/ml [+ 166.2]; p < 0.001), but significantly higher than mean 
maternal values (70.5 pg/ml [+ 48.8]; p < 0.02). Although fetal 8-endorphin levels decreased between 18 
and 28 weeks’ gestation, the correlation between fetal B-endorphin values and gestational age was not 
significant (r = —0.193; p = 0.07). However, fetal B-endorphin concentrations were significantly correlated 


with maternal values (Spearman’s rank r = 0.47; p < 0.001). 


CONCLUSION: These findings suggest that delivery or fetal adaptation to an extrauterine environment is 
associated with significant increases in B-endorphin release. Moreover, although the fetal pituitary may be 
the primary source of circulating fetal B-endorphin, a maternal or placental contribution cannot be 
excluded. Our data identify a physiologic range for fetal -endorphin concentrations. (AM J OBSTET 


GYNECOL 1992;167:740-4.) 


Key words: Fetal B-endorphin, cordocentesis 


Endogenous opiates are likely to play a role in diverse 
fetal physiologic processes, including the regulation of 
blood pressure, respiratory activity, and intestinal mo- 
tility." * In addition, these compounds may also partic- 
ipate in fetal adaptation to stress.’ One such opiate, 
B-endorphin, has been well characterized in adults.’ 
However, our current knowledge of the ontogeny of 
B-endorphin synthesis, secretion, and regulation in hu- 
mans has been derived from immunohistochemistry 
studies of the fetal pituitary obtained after elective 
termination” or from analyses of neonatal cord blood 
samples.’” These results may therefore have been in- 
fluenced by the termination or delivery process itself, 
and as such are not necessarily representative of a phys- 
iologic intrauterine milieu. An understanding of in 
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utero B-endorphin homeostasis requires knowledge of 
circulating levels of fetal B-endorphin. 

Unfortunately, there are no data available on B-en- 
dorphin concentrations in fetal blood before delivery. 
However, the development of percutaneous umbilical 
blood sampling as a safe technique for obtaining fetal 
blood” has provided access to the fetal circulation in a 
relatively undisturbed state. The purpose of our study 
was to measure B-endorphin concentrations in fetal 
blood during the second half of uncomplicated preg- 
nancy to establish “physiologic” ranges for fetal serum 
B-endorphin concentrations. In addition, we sought to 
establish possible correlations between fetal B-endor- 
phin levels, gestational age, and maternal B-endorphin 
concentrations. 


Material and methods 


A cross-sectional analysis was undertaken of paired 
fetal and maternal serum B-endorphin concentrations 
obtained between 18 and 39 weeks’ gestation. Mothers 
were free of medical and obstetric complications, de- 
nied tobacco or illicit drug use, and took no medication 
other than iron and vitamin supplements. All preg- 
nancies were uncomplicated, singleton gestations that 
resulted in healthy term infants whose growth was ap- 
propriate for gestational age. Only samples obtained 
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within 30 to 120 seconds through a single needle in- 
sertion into the maternal abdomen and umbilical vein 
were included. In addition, samples were obtained only 
from those pregnancies in which the fetus was found 
to have umbilical pH values’! and hematocrits within 
normal limits for gestational age'* and in which the 
other relevant laboratory studies obtained (karyotype, 
factor VIII levels, etc.) were normal. Eighty-one paired 
maternal and fetal samples were available for study. 
Fetal gestational age was determined antenatally from 
reliable menstrual data confirmed by ultrasonographic 
scan <20 weeks’ gestation. For comparison with ma- 
ternal and fetal serum B-endorphin concentrations, ve- 
nous blood was also obtained from 26 nonpregnant 
female volunteers in the proliferative phase of their 
menstrual cycle and from 24 neonates 12 hours after 
spontaneous vaginal delivery, respectively. All speci- 
mens were obtained at the Clinic of Obstetrics and Gy- 
necology of the University of Belgrade between May 
1, 1989, and May 1, 1991. 

The majority of percutaneous umbilical blood sam- 
pling procedures were performed for fetal karyotype 
assessment in which results were needed rapidly be- 
cause of advancing gestational age (n = 46). In addi- 
tion, percutaneous umbilical blood sampling were car- 
ried out to rule out inherited coagulopathies (hemo- 
philia A and B, von Willebrand disease) (n = 7), severe 
combined immunodeficiency disease (n = 3), fetal 
blood group analysis in Rh-isoimmunized mothers 
(n = 17), and blood gas analyses for persistent non- 
reactive nonstress tests (n = 8). This study was ap- 
proved by the local ethics committee. 

In all cases a maternal peripheral blood sample was 
obtained before the percutaneous umbilical blood sam- 
pling procedure, both of which were performed be- 
tween 8:30 AM and 12:30 pm with a 20-gauge needle 
and local anesthesia without maternal sedation or fetal 
paralysis according to previously described tech- 
niques." The vessel sampled was identified ultrasono- 
graphically with a convex probe 3.75 MHz (Toshiba 
Model SSA 90). The umbilical vein was differentiated 
from the artery by assessing the direction of flow after 
the injection of 0.5 ml of normal saline solution. The 
absence of maternal blood or amniotic fluid contami- 
nation was confirmed by Kleihauer-Betke analysis and 
assay for coagulation factor V. A 0.5 ml aliquot of fetal 
serum was used for our study and stored at — 70° C 
until assayed. 

Quantitative B-endorphin determinations were per- 
formed by $-endorphin radioimmunoassay (Allegro, 
Nichols Institute, San Juan Capistrano, Calif.) accord- 
ing to the manufacturer's specifications. The intraassay 
and interassay coefficients of variation were <4.5% and 
<9%, respectively, with a threshold of detection of 14 
pg/ml. This assay has a 16% cross-reactivity to human 
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B-lipotropin and <0.03% cross-reactivity to a- and B- 
melanocyte-stimulating hormone and corticotropin. 

All statistical analyses were performed with a statis- 
tical software package (Statgraphics, version 3.0, STSC, 
Rockville, Md.) and included Spearman’s rank corre- 
lation, multiple linear regressions, and paired and un- 
paired Student's ¢ tests. “Box-and-whisker” plots were 
used to demonstrate the interquartile range (box), me- 
dian value (horizontal line) and absolute range (vertical 
line) for B-endorphin levels. Values are presented as 
mean + standard deviation. A p value of <0.05 was 
considered significant. 


Results 


Fetal B-endorphin values across gestation are pre- 
sented in Fig. 1. A decrease in fetal B-endorphin levels 
occurred between 18 and 28 weeks, but no significant 
correlation was found between fetal B-endorphin val- 
ues and gestational age (r = — 0.193; p = 0.07). Mean 
fetal B-endorphin levels were significantly lower than 
B-endorphin values obtained from neonates (90.5 
pg/ml [+ 59.5] vs 228.4 pg/ml [+ 166.1]; p < 0.001). 

The overall mean fetal serum B-endorphin concen- 
tration was significantly higher than the overall mean 
maternal B-endorphin value (Table I). However, when 
assessing fetal and maternal B-endorphin levels in in- 
crements of 5 weeks’ gestation fetal and maternal values 
were found to differ significantly only in the 18- to 22- 
week interval. In addition, a correlation was found be- 
tween maternal and fetal B-endorphin levels (Spear- 
man’s rank correlation r = 0.47; p < 0.001). 

Maternal B-endorphin concentrations across the sec- 
ond half of pregnancy and nonpregnant control values 
are presented in Fig. 2. Maternal B-endorphin values 
displayed a significant though minimal correlation with 
gestational age (r = 0.216; p = 0.049). Mean concen- 
trations of serum B-endorphin were significantly re- 
duced in the overall pregnant patient population com- 
pared with nonpregnant controls (70.5 pg/ml [ + 48.8] 
vs 114.6 pg/ml [+ 59.7]; p < 0.001), but not during the 
last 4 weeks of pregnancy (94.8 [+56.6] vs 114.6 
pg/ml [+59.7]; p = 0.27). There were no significant 
differences in age between the pregnant patients and 
the nonpregnant controls (34.9 yrs [+5.7] vs 33.4 yrs 
[+ 8.8]; p = 0.46); both groups had a median parity of 
one. 


Comment 


There is no information available on physiologic pat- 
terns of B-endorphin release into the fetal circulation 
during intrauterine life in humans. The availability of 
percutaneous umbilical blood sampling has provided 
an opportunity to obtain such data, but it is unclear 
whether this invasive procedure can truly assess a phys- 
iologic fetal state. This conundrum is particularly rel- 
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Fig. 1. Box-and-whisker plot of serum B-endorphin throughout gestation in 81 fetuses and 12 hours 
after delivery in 24 neonates. Gestational ages are grouped in 6-week intervals from 18 to 40 weeks. 
Although values declined between 18 and 28 weeks, no correlation was found with gestational age. 


Table I. Serum B-endorphin levels (mean + SD) in unstressed fetal and maternal matched pairs from 18 
to 40 weeks’ gestation 







Gestational 


Matched pairs 





Paired t test 





wk n Maternal Fetal p Value 
(70.5 + 48.8) (90.5 = 59.4) (<0.02) 

18-22 13 56.4 + 35.4 105.9 + 70.3 <0.05 
23-28 21 bee +£ S15 86:4 + 55.7 = 0.17 
29-34 28 75.4 + 61.8 89.7 + 67.1 = 0.42 
35-40 19 94.8 + 56.6 85.5 + 44.8 = 0.58 





evant to the assessment of fetal opiate homeostasis be- 
cause any significant stress is likely to promote the re- 
lease of these substances." 

To minimize pertubations in fetal opiate homeostasis 
we examined -endorphin concentrations obtained 
from uncomplicated pregnancies that resulted in the 
delivery of healthy infants and in which the fetal blood 
sample was obtained without difficulty via a single nee- 
dle insertion. Fetal B-endorphin values obtained from 
these uncomplicated procedures were significantly 
lower than neonatal values. Thus delivery or fetal ad- 
aptation to an extrauterine environment appears to be 
associated with significant elevations in B-endorphin 
release, as had been hypothesized by others.'* '° 

The precise source(s) of B-endorphin in the fetal cir- 
culation remains unknown. Goland et al.'° contend that 
fetal B-endorphin is not of maternal origin because they 
could not demonstrate a correlation between maternal 
and neonatal B-endorphin levels. Although the human 
placenta can synthesize B-endorphin,'’ Wardlaw et al.'* 
demonstrated higher umbilical artery levels compared 


with umbilical venous B-endorphin levels in neonates, 
a finding not consistent with a major placental contri- 
bution to fetal B-endorphin levels. In contrast, Goebels- 
mann et al.'* found higher umbilical venous levels com- 
pared with umbilical artery B-endorphin values in un- 
stressed neonates.'* Unfortunately, these studies relied 
on neonatal observations which, as noted previously, 
may not reflect physiologic intrauterine conditions. We 
noted modestly higher B-endorphin levels in fetal blood 
compared with maternal blood, which suggests that the 
fetal pituitary is the source of the preponderance of 
circulating fetal B-endorphin. However, the corre- 
lation between maternal and fetal B-endorphin con- 
centrations observed in our study may reflect ma- 
ternal or placental contribution to fetal B-endorphin 
levels. 

Petrucha et al.’ observed that B-endorphin concen- 
trations in amniotic fluid were significantly higher in 
specimens obtained from the second trimester com- 
pared with the third trimester.’ Although B-endorphin 
values in the amniotic fluid may have little relevance to 
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Fig. 2. Box-and-whisker plot of serum 8-endorphin levels throughout gestation in 81 pregnant 
women and 26 nonpregnant female controls. Gestational ages are grouped in 6-week intervals from 
18 to 40 weeks. Maternal B-endorphin values correlated minimally with gestational age (r = 0.216; 


p = 0.049). 


fetal blood values, the observations of Petrucha et al. 
are consistent with our findings of higher fetal B-en- 
dorphin concentrations at <24 weeks’ gestation. More- 
over, we found that fetal B-endorphin levels were sig- 
nificantly elevated in comparison with maternal values 
only between 18 and 22 weeks’ gestation. 

There are conflicting reports on the pattern of ma- 
ternal B-endorphin secretion during pregnancy. Goe- 
belsmann et al.'* found a significant decrease in plasma 
8-endorphin concentrations during pregnancy, with a 
nadir in the second trimester.’ Genazzani et al.’ also 
reported a significant reduction in maternal plasma B- 
endorphin levels between 9 and 12 weeks’ gestation but 
noted a subsequent small rise to maximum values at 36 
to 37 weeks. In contrast, others have found a modest 
rise in maternal B-endorphin levels throughout preg- 
nancy, reaching statistical significance in the third 
trimester.2’?! This wide variability in published results 
may be explained in part by selection biases, the num- 
ber of subjects studied, and the varying accuracy of the 
assays used. In addition, this observed variability may 
reflect enormous individual variation among circulat- 
ing B-endorphin levels. We noted that concentrations 
of maternal B-endorphin are increased during the sec- 
ond half of pregnancy but were significantly lower than 
nonpregnant values. This decrease is consistent with 
previous reports.'* * 

Our study provides data on the physiologic range of 
fetal serum B-endorphin concentrations and provides 
insights into the regulation of B-endorphin homeostasis 
in utero. Because increased concentrations of umbilical 
B-endorphin are a biochemical marker of intrapartum 


hypoxia,” fetal serum B-endorphin values that exceed 
these ranges may be an indicator of fetal stress. Poten- 
tial indications for such measurements include persis- 
tent nonreassuring testing in a premature fetus and 
suspected intrauterine growth retardation. 
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Contractile effect of endothelin in the human uterine artery 


and autoradiographic localization of its binding sites 


Gunilla Bodelsson, MD, Nils-Otto Sjöberg, MD, PhD, and Martin Stjernquist, MD, PhD 


Malmé, Sweden 


OBJECTIVE: The aim was to study the effects, mode of action, and binding sites of endothelin-1 in the 


human uterine artery. 


STUDY DESIGN: The contractile effect of endothelin-1 on the human uterine artery with and without 
endothelium and the effect of verapamil and nicardipine on the contraction was investigated in vitro. The 
Student t test was used. lodine 125—endothelin-1 binding sites were localized with autoradiography. 
RESULTS: Endothelin-1 induced a contraction that was unaffected by removal of the endothelium. 
Verapamil antagonized the contraction, whereas nicardipine showed no effect. lodine 125—endothelin-1 


binding sites were demonstrated in the smooth muscle layer. 


CONCLUSIONS: These results show that endothelin-1 is a vasoconstrictor in the human uterine artery 
and suggest that the effect is mediated by receptors on the smooth muscle cells. The mode of action 
seems to involve Ca** influx by other than dihydropyridine-sensitive Ca** channels. Endothelin-1 does 
not seem to stimulate release of other endothelium-derived vasoactive agents. (Am J OBSTET GYNECOL 


1992;167:745-50.) 


Key words: Autoradiography, calcium channels, endothelin, endothelium, uterine artery 


Endothelins are peptides with potent vasoconstrictor 
activity isolated from the supernatant fraction of cul- 
tured vascular endothelial cells, including human um- 
bilical vessels. è Three closely related endothelins 
differing from each other only by a few amino acids 
have been characterized: endothelin-1, endothelin-2, 
and endothelin-3.° Endothelin-1 is constituted of 21 
amino acids and has been detected in human vascular 
tissue.“ ’ 

Iodine 125—endothelin-1 binding sites have been 
demonstrated in human coronary arteries by autora- 
diographic technique. The binding sites were found 
to be distributed within the vessel walls and were as- 
sociated with perivascular nerves, suggesting a role in 
neural mechanisms. Recently a putative specific recep- 
tor for endothelin-1 has been isolated from various 
tissues, including blood vessels.” 

The peptide provokes a strong, concentration-de- 
pendent, long-lasting vasoconstriction, more potent 
than that of other known constricting substances, in- 
cluding angiotensin II.' The effect of endothelin-1 
seems to be mediated by several mechanisms. The con- 


From the Department of Obstetrics and Gynecology at Malmé, Uni- 
versity of Lund. 

Supported by grants from the Faculty of Medicine, University of Lund, 
the Swedish Medical Research Council Grant No. B92-17X-09908- 
01A, the Swedish Medical Society, and the Crafoord Foundation. 
Received for publication October 24, 1991; revised February 19, 
1992; accepted February 28, 1992. 

Reprint requests: Martin Stjernquist, MD, PhD, Department of Ob- 
stetrics and Gynecology at Malmé, University of Lund, General Hos- 
pital, S-214 01 Malmö, Sweden. 

6/1/37571 


tractile effect of endothelin-1 in pig coronary arteries 
has been reported to be dependent on extracellular 
Ca** and closely related to the dihydropyridine-sen- 
sitive L-type Ca** channels, the effect of endothelin-| 
being attenuated by the calcium anatgonists nicardipine 
and verapamil.” It has also been reported that en- 
dothelin-1 can mobilize calcium from intracellular stor- 
age sites in rat aortic smooth muscle.* Furthermore, 
there are indications that it may induce hydrolysis of 
phosphoinositides in several animal tissues.” '° In ad- 
dition, there is evidence for endothelin-1—induced re- 
lease of other endothelium-derived vasoactive sub- 
stances, such as prostacyclin, endothelium-derived re- 
laxing factor, and thromboxane Av.” 

It has been demonstrated that endothelin-1 constricts 
rat uterine smooth muscle, and a recent study has 
demonstrated a potent and long-lasting contractile ef- 
fect in human uterine vessels.’ A role of endothelin-1 
in constriction of human umbilical vessels at delivery 
has been suggested in a study showing high levels in 
umbilical vessels and fetal human plasma and potent 
constriction of umbilical vessels in vitro.* In the current 
study, '°I—endothelin-1 binding sites were demon- 
strated, and the contractile effect of endothelin-1 in the 
isolated human uterine artery was investigated. Fur- 
thermore, the involvement of Ca** channels and en- 
dothelial mechanisms in the contraction was elucidated. 


Material and methods 


Material. Preparations were obtained from 15 
women (mean age 47 years, range 31 to 69 years) un- 
dergoing abdominal hysterectomy for benign gyneco- 
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Fig. 1. Effect of cumulative application of endothelin-1 (ET) in segment of human uterine artery. 
Concentration-dependent contraction was induced. Molar concentrations, calibration for contractile 
force (millinewtons), and time (minutes) are shown. W, Washout. 


logic diseases. None of the patients received antihy- 
pertensive treatment. The patients received anesthesia 
with a combination of nitrous oxide, oxygen, thiopen- 
tal, fentanyl, or pethidine. Muscle relaxation was in- 
duced by suxamethonium and maintained by pancu- 
ronium. Immediately after removal of the uterus the 
main branch of one of the uterine arteries was excised 
and placed in cold (4° C) Krebs-Ringer solution (com- 
position is given in a subsequent paragraph). The ex- 
periments were carried out 0.5-24 hours after specimen 
collection. 

In vitro recording. The main branch of the vessels 
were cut into cylindric segments with a length of 3 to 
4 mm. The outer diameter of the vessels was 2 to 
3 mm. The segments were placed in organ baths (4 ml) 
and were slid onto two metal hooks through the lumen 
of the vessel. One of the hooks was attached to a force- 
displacement transducer (model FT03C, Grass, 
Quincy, Mass.), and one could be moved to adjust the 
smooth muscle tension. The isometric mechanical ac- 
tivity was recorded on a polygraph (model 7D, Grass). 

The organ bath contained a modified Krebs-Ringer 
solution of the following composition: sodium chloride 
118 mmol/L, potassium chloride 4.7 mmol/L, calcium 
chloride dihydrate 2.0 mmol/L, magnesium chloride 
heptahydrate 1.2 mmol/L, sodium bicarbonate 24.8 
mmol/L, potassium phosphate 1.2 mmol/L, and glu- 
cose 5.6 mmol/L. A gas mixture containing 88.5% oxy- 
gen and 11.5% carbon dioxide was used for continuous 
aeration, giving a pH of 7.35 to 7.45. The temperature 
of the fluid was thermostatically maintained at 37° C. 

The initial tension of the smooth muscle was set at 
40 mN." After an equilibration period of 1 hour the 
preparations were contracted by exchanging the 118 
mmol/L sodium chloride in the bathing fluid with 126 
mmol/L potassium chloride. This procedure was re- 
peated once and the magnitude of the second contrac- 
tion was used as an internal standard for each segment. 

The first series of experiments was performed in the 
presence and absence of the Ca** channel antagonists 
verapamil (10-7 mol/L) or nicardipine (10~° mol/L). 
After a 20-minute contact time endothelin-1 (107 to 
1077 mol/L) was added in a cumulative manner in 0.5 
log units, and the tension developed was measured. 


Only one concentration-response curve was made from 
each vascular preparation. 

In the second series of experiments the role of the 
endothelium in the contractile response to endothelin- 
I was investigated. After the equilibration period, half 
the segments from each patient were perfused through 
the lumen by the gas mixture for 10 minutes at the 
flow rate normally used for oxygenating the organ 
bath.’ '® The absence of functioning endothelium was 
tested by elimination of relaxation by substance P, 1077 
mol/L, in segments precontracted by 5-hydroxytryp- 
tamine. In the segments not treated with intraluminal 
gas flow, substance P caused a significant relaxation, 
whereas no relaxation at all was registered from the 
segments pretreated with intraluminal gas flow. To 
evaluate whether this process caused injury to the 
smooth muscle layer, the segments were again chal- 
lenged with 126 mmol/L potassium chloride. The re- 
sulting contraction was compared with the contraction 
achieved before gas perfusion; no difference was 
shown. 

In vitro autoradiography. After dissection, the ves- 
sels were immediately frozen in liquid nitrogen and 
stored in —80° C until use. Frozen serial sections 
(20 um) were cut in a cryostat and then mounted on 
gelatinized microscope slides. 

Sections were preincubated twice, for 5 minutes at 
20° C in Krebs-Ringer solution at pH 7.4 containing 
0.1% bovine serum albumin and 40 pg/ml bacitracin 
and then incubated for 60 minutes at 4° C with 
“T—endothelin-1 (107° mol/L, specific activity 1200 
Ci/mmol). The degree of binding to nonspecific sites 
was determined by incubating paired slides in the pres- 
ence of 500 nmol/L unlabeled endothelin-1. After in- 
cubation the slides were washed four times for 30 sec- 
onds in buffer at 4° C and dried for at least 60 
minutes. 

The sections were placed in contact with radio- 
graphic film in cassettes and exposed for 3 days at 
4° C. The films were developed, examined, and pho- 
tographed where appropriate. 

Drugs. The following compounds were used: human 
endothelin-1, nicardipine, and verapamil hydrochlo- 
ride (Sigma, St. Louis) and '*I—endothelin-1 (Amer- 
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Fig. 2. Contractile response to endothelin-1 in human uterine artery in absence (n = 10, two segments 
from each patient) and presence of (A) nicardipine (107° mol/L, n = 10, one segment from each 
patient) and (B) verapamil (107° mol/L, n = 9, one segment from each patient). Endothelin-1 
induced a concentration-dependent contraction that was resistant to nicardipine but was significantly 


reduced by verapamil (Student ¢ test p < 0.05). 


sham, Amersham, England). All substances were dis- 
solved in 0.9% sodium chloride. The concentrations are 
given as final molar concentrations in the organ bath. 

Analysis of data. Values are given as means + SEM. 
In some cases the same experiment was performed on 
several segments from a single patient, and then the 
mean of these was calculated before presentation and 
statistical analysis. The number of patients is indicated 
by n. The Student ¢ test was used to calculate any sig- 
nificant difference between the means. A value of 
p < 0.05 was considered significant. 


Results 


Contractile response. Endothelin-1 contracted the 
uterine artery in a concentration-dependent manner 
(Fig. 1). At the highest concentration regularly used 


(10-7 mol/L) the contraction amounted to 32% + 7.9% 
(n = 10) of the contraction to potassium (Fig. 2). How- 
ever, it did not seem to have reached its maximum 
because addition of endothelin-1 at 3 x 1077 mol/L 
produced a further increase in contraction by 3% of 
the contraction to potassium in vessels tested (n = 4). 
There was no correlation between the contractile re- 
sponse to potassium or endothelin-1 and age of the 
patients. After washing, the contraction reached base- 
line within 20 minutes. Nicardipine (107° mol/L) did 
not affect the concentration-response curve to endoth- 
elin-1 (Fig. 2, A). In the presence of verapamil (107° 
mol/L) the contraction to endothelin-1 was significantly 
reduced (Fig. 2, B). 

Removal of the endothelium did not affect the con- 
tractile response to endothelin-1 (Fig. 3). 
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Fig. 3. Contractile response to endothelin-1 in segments of human uterine artery with (n = 5, one 
to two segments from each patient) and without endothelium (n = 5, one to two segments from 
each patient). Removal of endothelium did not affect contractile response to endothelin-1. 


Autoradiography. In all tissues studied there was 
binding of '*°I—endothelin-1 associated with the vessel 
walls (Fig. 4, A). The binding was most dense in the 
tunica muscularis layer of the vessels. This binding was 
displaced in the sections incubated in the presence of 
500 nmol/L of unlabeled endothelin-1, suggesting that 
it was occurring in specific binding sites (Fig. 4, B). 
There was no apparent specific '*I—endothelin-1 bind- 
ing associated with the endothelium, the tunica adven- 
titia, or perivascular nerves. 


Comment 


The current study confirms that endothelin-1 is a 
potent vasoconstrictor in the human uterine artery. 
However, the magnitude of the contraction at the con- 
centrations tested was much lower than registered in 
several animal’ '” '* and human blood vessels.*® 7. 19-21 
This could be due to (1) a lower affinity of endothelin- 
I, (2) a lower efficacy, or (3) a low receptor density in 
the human uterine artery. 

Because addition of endothelin-1 above 1077 mol/L 
induced only a minor further contraction, it can be 
assumed that the contraction had nearly reached its 
maximum at this concentration level. This yields an 
estimated pD, value (the negative logarithm to base 10 
of the concentration required to achieve half-maximum 
contraction) around 7 to 7.5, which is in accordance 
with the findings of Fried and Samuelson.'? However 
the pD, value is less than the potency presented in most 
human and animal tissues. It therefore seems reason- 
able to conclude that the affinity, as well as the efficacy 
for endothelin-1 at its contraction-mediating receptor 
in the human uterine artery is comparatively small. 
This could explain at least in part the small contractions 
of endothelin-1 observed in the current study. 


Nicardipine in the concentration tested has in most 
studies had a potent antagonistic effect on endothelin- 
induced contractions, suggesting that the contractile 
effect of the peptide involves dihydropyridine-sensitive 
Ca** channels. The inability of nicardipine to antag- 
onize the contraction to endothelin-1 in the human 
uterine artery is in accordance with the findings in the 
human epicardial coronary artery’ and human pial 
vein, where the dihydropyridines nicardipine and ni- 
modipine, respectively, are without effect. It is notable 
that in both these human blood vessels the pD, reported 
is <8, which is similar to the present findings in the 
human uterine artery. This contrasts to the values for 
endothelin-1 in the human pial artery,” human mes- 
enteric artery,’ human corpus cavernosum,"? and hu- 
man internal mammary artery and vein,” which are 
reported to be >8. In these vascular tissues the dihy- 
dropyridines nimodipine, nicardipine, and darodipine 
are potent inhibitors of the endothelin-1-induced con- 
traction. 

Thus it seems possible to divide the human vascular 
tissues into two opposing groups regarding the pD, 
value and the sensitivity to dihydropyridines of the con- 
traction to endothelin-1. In the human pial artery, cor- 
pus cavernosum, mesenteric artery, and internal mam- 
mary artery and vein endothelin-1 displays high affinity 
and the contraction is dihydropyridine sensitive. On 
the other hand, in the human epicardial coronary ar- 
tery and the pial vein the affinity is moderate and the 
contraction resistant to dihydropyridines. To judge 
from the current results the human uterine artery be- 
longs to the latter group in this classification. 

In goat cerebral arteries the contraction to endo- 
thelin-1 is resistant to nicardipine and to depletion of 
extracellular Ca**, indicating that in this preparation 
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Fig. 4. Binding of ™I—endothelin-1 to segments ol human uterine artery. A, Binding was most 


dense in tunica muscularis layer of vessels. B, In presence of excess of unlabeled endothelin-1 binding 


was displaced. (Original magnification X 12.) 


the contraction is independent of Ca’ ' influx.'* How- 
ever, in the human uterine artery the nondihydropyr- 
idine Ca* * channel antagonist verapamil decreased the 
contraction to endothelin-1, indicating a role for ex- 
tracellular Ca* *. This observation implicates the influx 
of Ca** through channels different from dihydropyr- 
‘dine-sensitive ones. It remains to be elucidated 
whether this reflects an endothelin-1 receptor in the 
human uterine artery that is different from the recep- 
tor in the dihydropyridine-sensitive, high-affinity tis- 
sues. Still, it could be a plausible explanation. 

In animal studies endothelin-1 has been shown to 
stimulate the release of other endothelium-derived va- 
soactive substances.!! Furthermore, vasodilatation In re- 
sponse to endothelin-1 in low concentrations has been 
demonstrated in animal experiments in vivo.” ” In the 
current study removal of the endothelium did not af- 
fect the response to endothelin-1, indicating that en- 
dothelin-1 does not stimulate the release of other en- 
dothelium-derived vasoactive agents in the human 
uterine artery. 

Using autoradiography we have been able to dem- 
onstrate specific '’I-endothelin binding sites in the 
muscle layer of the human uterine artery. These bind- 
ing sites may correspond to the endothelin-1| receptors 
mediating the contractile response in this tissue, em- 
phasizing the view that it contracts the smooth muscle 
cells directly. However, it should be noted that the en- 
dothelin-1 concentration required to induce contrac- 
tion far exceeds the '*I—endothelin- | concentration 
needed to adequately visualize the binding sites. Thus 
further studies are required to identify the binding sites 
as the receptors mediating the contraction. 

In conclusion, endothelin-1 is a relatively weak con- 
strictor of the human uterine artery, and the mecha- 


nism by which the peptide exerts its effect seems to 


involve Ca** influx by other than dihydropyridine-sen- 


sitive Ca’* channels. Endothelin-1 does not seem to 


stimulate the release of other endothelium-deris ed va- 
soactive agents in this vessel. '*’1—endothelin-1 binding 
sites were demonstrated in the smooth muscle layer ol 


the vascular wall. 


We thank Joanna Nilsson for her excellent techni al 


assistance. 
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An immunohistologic study of endothelialization of 


uteroplacental vessels in human pregnancy — Evidence that 


endothelium is focally disrupted by trophoblast 


in preeclampsia 


T. Yee Khong, MD, I. Hilary Sawyer, BSc, and Andrew R. Heryet 


Oxford, England 


OBJECTIVE: Our objective was to study the endothelial status of the luminal lining of uteroplacental 
vessels in the human placental bed in normal and abnormal pregnancy in the third trimester. 

STUDY DESIGN: Six placental basal plates from uncomplicated pregnancies and five from pregnancies 
complicated by preeclampsia (n = 3), preeclampsia and a small-for-gestational-age infant (n = 1), and 
diabetes mellitus (n = 1) were accessioned from the archives because of documentation of their 
containing uteroplacental vessels. Five placental bed biopsy specimens with intraluminal endovascular 
trophoblast in the third trimester were also studied. Sections were subjected to immunohistochemical 
analysis with monoclonal and polyclonal antibodies labeling endothelium and trophoblast. 

RESULTS: In third-trimester normal uncomplicated pregnancies the uteroplacental arteries and veins were 
completely endothelialized with no disruption of the endothelium. In third-trimester abnormal pregnancies 
the uteroplacental veins were also completely endothelialized. However, intraluminal endovascular 
trophoblast was seen within the uteroplacental arteries in eight of the 10 complicated pregnancies; this 


finding was associated with disruption of the endothelium. 


CONCLUSION: In preeclampsia there is an aberrant wave of endovascular trophoblast migration in the 
third trimester, resulting in focal disruption of the endothelium. This may be responsible for the endothelial 
cell dysfunction thought to be of pathogenetic importance in preeclampsia. (Am J OBSTET GYNECOL 


1992;167:751-6.) 


Key words: Preeclampsia, immunohistochemistry, endothelium, spiral artery, maternal-fetal 


relation 


The role of endothelium in preeclampsia is the sub- 
ject of recent investigations.’ However, controversy still 
exists regarding the endothelialization of the uteropla- 
cental arteries and veins at the end of human preg- 
nancy. During early pregnancy the spiral arteries of the 
human placental bed are invaded by two intraluminal 
waves of endovascular trophoblast migration with dis- 
ruption of the endothelium.* This results in the con- 
version of the normally narrow-caliber spiral arteries 
into distended uteroplacental arteries; these “physio- 
logic changes” allow for an increased blood flow 
through these vessels.* After remodeling of these ves- 
sels to uteroplacental arteries it is claimed that they are 
reendothelialized,* ° although this is disputed.’ 
Immunohistologic studies have given divergent find- 
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ings.™ The veins in the maternal placental bed are not 
invaded by trophoblast, and consequently there is no 
disruption of their endothelium. However, the status 
of the endothelium of the uteroplacental veins has sim- 
ilarly been disputed.” '*" 

This study addresses the question of the endothe- 
lialization of the uteroplacental vessels by means of im- 
munohistochemical techniques. We also demonstrate 
that an aberration in trophoblastic migration is asso- 
ciated with preeclampsia and may be responsible for 
the endothelial cell dysfunction that is thought to be of 
pathogenetic importance in preeclampsia. 


Material and methods 


Placental basal plate blocks found to contain utero- 
placental vessels at routine histopathologic assessment 
were accessioned for the study. All 11 cases were from 
the third trimester (29 weeks to term gestation). Three 
were complicated by preeclampsia, one by preeclampsia 
and a small-for-gestational-age (SGA) infant, and one 
by preexisting diabetes mellitus, whereas six were un- 
complicated singleton or twin pregnancies. Five pla- 
cental bed biopsy specimens from a previous study,” 
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Fig. 1. Uteroplacental artery in basal plate. Alkaline phosphatase antimalkaline phosphatase im- 
munohistochemistry with monoclonal antibody [C70, showing complete endothelialization of arterial 


lumina. (Original magnification X 86.) 


selected because of the presence of intraluminal en- 
dovascular trophoblast in the third trimester, were also 
used. These were pregnancies complicated by pre- 
eclampsia (n = 2), the birth of a SGA infant in = 1), 
or both (n = 2). The definitions of these pregnancy 
disorders were as previously described." 

Sections were stained with hematoxylin and eosin for 
histologic assessment and subjected to immunohisto- 
chemistry with the following antibodies: (1) monoclonal 
antibody JC70 (Dako, Denmark) labeling an endothelial 
antigen (recognizing cluster denomination 31: CD31)!" 
(2) polyclonal antibody to human von Willebrand fac- 
tor, formerly factor VIII-related antigen (Dako), (3) a 
monoclonal antibody cocktail MNF116 + LP34 (Dako) 
labeling keratin intermediate filaments, and (4) mono- 
clonal antibody V9 (Dako) labeling vimentin interme- 
diate filaments. 

Monoclonal antibodies [C70 and MNF116 + LP34 
required preincubation of the sections in 0.1% trypsin 
in 0.1% calcium chloride (pH 7.8, 37° C) for 30 minutes 
before application of primary antibodies. For the 
monoclonal antibodies a standard alkaline phosphatase 
anti—alkaline phosphatase technique with naphthol- 
AS-MX fast red as chromogen" or an avidin-biotin 
complex immunoperoxidase technique with 3,3'-di- 
aminobenzidine tetrahydrochloride as chromogen" 
was used; the sensitivities and specificities of both meth- 
ods are comparable and have been validated in internal 
quality control tests run in our laboratory. For the 
polyclonal antibody sections were stained with an in- 
direct immunoperoxidase method with 3,3’-diamino- 
benzidine tetrahydrochloride as chromogen.” Negative 
controls were performed by omission of the primary 


antibody. Tissue sections were subjected also to lectin 
histochemistry with Ulex Europaeus I (Dako), which 
labels endothelium. ° 


Results 


Normal pregnancy. The morphologic features of the 
uteroplacental arteries and veins deep to the basal plate 
in the placental bed were as described in other studies 
and will not be detailed further.*® In summary, the 
walls of the arteries lacked muscular and elastic tissue 
and were a fibrinoid matrix in which trophoblastic cells 
were embedded. The veins were usually slitlike and 
often lacked a definable wall, and extravillous tropho- 
blast, including placental bed giant cells, could be seen 
abutting against their lumina. In the basal plate the 
fibrinoid matrix of the walls of the uteroplacental ar- 
teries were more clearly demarcated from Nitabuch’s 
fibrinoid layer than that of the veins that merged im- 
percepubly with Nitabuch’s layer. Uteroplacental ar- 
teries could also be distinguished from veins by the 
presence of villi dipping into the orifices of the veins, 
but not the arteries, at the intervillous space." 

Immunohistologic study confirmed previous obser- 
vations that labeling of endothelium was consistently 
better and stronger by the monoclonal antibody JC70 
than the antibody to von Willibrand factor or by Ulex 
Furopaeus agglutinin lectin histochemistry. Uteropla- 
cental arteries and veins were endothelialized. There 
was no disruption of endothelium in any of the utero- 
placental arteries (Fig. 1). In the basal plate where the 
villi anchored onto the basal plate and were sometimes 
lodged in the mouth of the uteroplacental vein, the 
luminal lining of the vessel was then keratin positive 
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Fig. 2. Uteroplacental vein in basal plate. Complementarity of syncytial and endothelial luminal 
lining is demonstrated by keratin (A) and JC70 (B) positivity with alkaline phosphatase anti—alkaline 
phosphatase immunohistochemistry. (Original magnification X 75.) 


and endothelium negative (Fig. 2). Decidual cells were 
immunolabeled by vimentin, whereas glandular epil- 
thelium was labeled by keratin. 


Abnormal pregnancy. The histologic features of 


uteroplacental veins in the basal plate and in the pla- 
cental bed biopsy specimens were similar to those seen 
in specimens from normal pregnancies. The morpho- 
logic features of the spiral arteries in abnormal preg- 
nancy have been described previously. In essence, spiral 
arteries lacked physiologic changes in the myometrial 
segments and, on occasion, in the decidual segments, 
with retention of their muscular and elastic tissue. Ad- 
ditionally, endovascular trophoblast was seen located 
intraluminally situated in uteroplacental arteries. This 
was a feature in the preselected placental bed biopsy 
specimens and in three basal plate specimens (Fig. 3); 
the latter were pregnancies complicated by preeclamp- 


sia (n = 2) or preeclampsia with an SGA infant (n = 1). 
They were located only in the physiologically converted 
portion. In some sections the intraluminal endovascular 
trophoblast appeared to be “free-floating” within the 
lumina (Fig. 4, a; vessel on left), but serial sections 
confirm their ultimate attachment to the arterial wall. 
No evidence of thrombosis was seen, even in the pres- 
ence of intraluminal endovascular trophoblast. 

There was no disruption of the endothelium lining 
the spiral arteries whether or not physiologic changes 
were present, except where intraluminal endovascular 
trophoblast was attached to the vessel wall. When tne 
intraluminal endovascular trophoblast was attached to 
the wall of the uteroplacental (spiral) artery, the luminal 
lining of the vessel was immunostained by keratin, 
which also labeled the endovascular trophoblast and 
other trophoblast populations (Fig. 4). 
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Fig. 3. Intraluminally situated endovascular trophoblast in uteroplacental artery in basal plate at 38 
weeks’ gestation of pregnancy complicated by preeclampsia. (Hematoxylin and eosin. Original mag- 
nification X 70.) 





Fig. 4. Uteroplacental artery in preeclampsia showing intraluminal endovascular trophoblast (right). 
Luminal lining is focally endothelial depleted and replaced by trophoblast in vessel on left, as shown 
by complementarity of staining for keratin (A) and for JC70 (B) with alkaline phosphatase anti— 
alkaline phosphatase immunohistochemistry. (Original magnification x 170.) 
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Comment 


With immunohistochemistry we have shown that the 
luminal lining of uteroplacental veins is endothelial, in 
contrast to Loke and Butterworth,’* who assert that 
the veins are lined by syncytiotrophoblast. The pres- 
ence of residual endometrial glands in the basal plate 
immunostaining for keratin may have misled them to 
their conclusion.* °? Only superficially, where the veins 
open into the intervillous space and the villi dip into 
these openings, is the lining syncytiotrophoblast. 

Our findings with immunohistochemistry with 
polyclonal and monoclonal antibodies labeling endo- 
thelium and lectin histochemistry clearly demonstrate 
that the luminal lining of spiral arteries in the third 
trimester in normal pregnancies are endothelialized. 
This is in agreement with most studies with immu- 
nohistology.””® The one discordant study used immu- 
nofluorescence techniques,'’ which may have ham- 
pered identification of the structures in the complex 
placental bed. 


Although intraluminal trophoblast is a normal find- 


ing in the first and second trimesters in normal! preg- 
nancy, where it has a role in establishing placentation,’ 
this study confirms its absence in normal pregnancies 
in the third trimester,’* in contrast to the findings of 
other workers,® and its presence in the third trimester 
in pregnancies complicated by preeclampsia or SGA 
infants or both.” We could not determine the extent 
of this aberrant trophoblastic migration, because only 
random blocks of the placental bed in the form of pla- 
cental bed biopsy specimens or placental basal plates 
were examined; certainly in this study there were cases 
where this defect was not seen. In these uteroplacental 
arteries, where there was a renewed or temporally de- 
layed migration of endovascular trophoblast, the lu- 
minal lining remains trophoblastic and not endothelial. 
The defect in the endothelial layer is confined almost 
entirely to areas where the endovascular trophoblast 
was adherent to the luminal lining. The nascent dis- 
ruption of the endothelium by endovascular tropho- 
blast may be responsible for the increased levels of 
plasma fibronectin and von Willebrand factor levels in 
preeclampsia.” *? 

It may be expected that the loss of endothelial lining, 
by removing a source of prostacyclin, an endogenous 
inhibitor of platelet aggregation, will predispose to 
thrombosis in the maternal placental bed vasculature, 
findings that have been reported in preeclampsia and 
SGA infants.” Paradoxically, thrombosis was not a fea- 
ture in these arteries. This is similar to the situation 
encountered in the first and second trimesters of preg- 
nancy where there is no thrombosis in spite of much 
disruption of arterial endothelium by invading endo- 
vascular trophoblast.‘ 

The effects of defective endothelium could also be 
mediated by vasoactive agents,” leading to uteropla- 
cental ischemia. Prostacyclin also functions as a potent 
vasodilator and its loss locally coupled with a relative 
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increase in thromboxane A,,7* which is a vasocon- 
strictor, would result in vasospasm of the spiral arteries 
locally. Endothelin-1 is another potent vasoconstrictor 
produced by endothelium. It is released after endo- 
thelial damage and coagulation system activation, and 
it is likely that the endothelial disruption seen mor- 
phologically may result in an alteration in the normal 
balance between endothelin-1 and endothelium-de- 
rived relaxing factor, such that the vasopressor effect 
results in vasoconstriction. 

It is unclear what factors regulate extravillous tro- 
phoblast migration, but in abnormal pregnancy en- 
dothelial dysfunction is probably a secondary effect of 
a disturbance in trophoblast migration. It may be nore 
profitable therefore to unravel these factors rather than 
to direct attention to those affecting endothelial dys- 
function. 


We thank Drs. K.C. Gatter and D.Y. Mason for their 
generous gifts of antibodies. 
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Ureter injury during laparoscopy-assisted vaginal hysterectomy 
with the endoscopic linear stapler 


Mark B. Woodland, MD 


Camden, New Jersey 


Ureter injury is more common with abdominal hysterectomy than vaginal hysterectomy. Complications 
during laparoscopy-assisted vaginal hyste-ectomy cases have not been thorcughly studied. Two cases are 
presented that highlight urologic misadvertures, specifically, ure<eral injury, with the endoscopic linear 
stapler during laparoscopy-assisted vaginal hysterectomy. (Am J OssTer Gyvecot 1992;167:756-7.) 


Key words: Ureter injury, laparoscopy-assisted- vaginal hysterectomy, endoscopic linear 


stapler 


Ureteral injury is an uncommon (9.5% to 2.0% in- 
cidence), serious complication of gynecologic proce- 
dures including hysterectomy. Ureteral injury is more 
common with abdominal hysterectomy and with ad- 
vanced pelvic pathologic conditions, including neo- 
plasms, infections, and endometriosis.' These cases 
highlight the treacherous proximity of the ureter to the 
uterine vasculature.’ 
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Case reports 


Case 1. A 42-year-old multiparous woman presented 
with vaginal pressure and dyspareunia. Examination 
revealed moderate uterine prolapse without cystocele 
or rectocele. The uterus and adnexa were of normal 
size but fixed to the right side. The patient denied 
urinary symptoms or bowel dysfunction. She had two 
uncomplicated vaginal deliveries and a laparoscopic 
tubal ligation. Her mother had died of ovarian cancer. 
She insisted that her ovaries be removed at hysterec- 
tomy. Cystometric studies were normal. Because of the 
prior surgery and right adnexal fixation, a laparoscopy- 
assisted vaginal hysterectomy with bilateral salpingo- 
oophorectomy was scheduled. 

Dissection of the round ligaments and opening of the 
retroperitoneal space allowed direct visualization and 
ureter tracing. The endoscopic linear stapler was used 
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to dissect the parauterine tissue from the infundibu- 
lopelvic ligaments to the uterine arteries above the car- 
dinal ligaments. The remainder of the procedure was 
completed vaginally. 

The operation lasted 2 hours with 350 ml blood loss. 
Postoperatively, the patient experienced right-sided 
flank pain. Ultrasonography revealed dilation of the 
right renal collecting system. An intravenous pyelo- 
gram confirmed a right ureteral obstruction 3 cm from 
the bladder. A computed tomography—guided percu- 
taneous nephrostomy was placed. Normal renal func- 
tion resumed and she was discharged home. The oc- 
clusion did not resolve and a ureterovesical reimplan- 
tation was performed. She is well after this procedure. 

Case 2. A 28-year-old multiparous woman presented 
with a colposcopically diagnosed carcinoma in situ le- 
sion extending into the endocervical canal and beyond 
the margins of a laser cone biopsy. Medical history in- 
cluded three spontaneous vaginal deliveries, a laparo- 
scopic tubal ligation, and a left ectopic pregnancy 
treated by laparotomy with removal of the left adnexa. 

The uterus was midline and fixed without descensus. 
The right adnexa appeared free and mobile. She was 
scheduled for laparoscopy-assisted vaginal hysterec- 
tomy. The endoscopic linear stapler was used on the 
vascular pedicles to conserve the right ovary. As the 


bladder flap and anterior adhesions were dissected, an ` 


incidental cystotomy occurred in the dome of the blad- 
der. The cystotomy was openly repaired and the hys- 
terectomy was completed abdominallv. No other com- 
plications were experienced. 

Seven days after discharge, she returned to the office 
with severe left flank pain and fever. A sonogram sug- 
gested, and intravenous pyelography confirmed, a par- 
tial obstruction of the left ureter at the uterine pedicle. 
After several attempts to place a ureterovesical stent 
cystoscopically, blood obscured the area and the pro- 
cedure was aborted. 

The patient underwent repeat ultrasonography, 
which revealed a large perivesical and left retroperi- 
toneal cystic collection. A percutaneous nephrostomy 
was placed. Vaginal aspiration of the collection revealed 
a large “urinoma.” A nephrostogram confirmed a lac- 


eration of the ureter at the occlusion site. ‘The collecting . 


system was drained for 3 months with resolution of the 
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obstruction and laceration. The nephrastomy tube was 
removed without further complication. 


Comment 


New techniques have been developed that use ad- 
vanced laparoscopic surgery to facilitate vaginal Eys- 
terectomy in cases that would normally require an ab- 
dominal approach. These techniques use many new 
instruments such as the endoscopic linear stapler. Ure- 
teral injury occurred with this new instrument in spite 


of direct visualization and tracing of the ureter course. 


Although the ureter may not have been directly li- 
gated or transected, tissue damage in the periureteral 
area caused by crushing, inflammation, or ischemta 
may produce localized swelling, which can occlude the 
ureter or weaken its structure, thereby allowing per- 
foration or laceration.’ These injuries may result from 
the “jaw” width or the amount of tissue captured within 
the “bite” of this instrument in the proximity oF the 
uterine vessel and normal ureter path. The instrument 
used in these cases applies six rows of staples, three on 
either side of the incision, to provide maximum he- 


.mostasis. A narrower linear stapler with a more flexible 


head may minimize tissue gathering and damage and 
facilitate greater control. 

These cases are presented to emphasize the potential 
for ureteral damage and not to decrease the enthusiasm 
over new instrumentation. We currently use bipolar 
cautery and carbon dioxide laser for hemostasis and 
dissection of the vascular pedicles during laparoscopy- 
assisted vaginal hysterectomy. No further urologic mis- 
adventures have occurred. Use of the endoscopic linear 
stapler should be limited to regions away from potential 
ureteric involvement. 
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Evaluation of maternal fluid dynamics during tocolytic therapy 
with ritodrine hydrochloride and magnesium sulfate 


B. Anthony Armson, MD, Philip Samuels, MD, Frank Miller, MD» Joseph Verbalis, MD,° 


and Elliott K. Main, MD* 
Philadelphia and Pittsburgh, Pennsyleania 


OBJECTIVE: The purpose of the study was to observe and compare the effects of ritodrine hydrochloride 


and magnesium sulfate on maternal fluid dynamics. 


STUDY DESIGN: Fourteen women in p-eterm labor were prospectively studied during tocolytic therapy 
with either ritodrine hydrochloride or magnesium sulfate. The cardiovascular and renal effects of a 
pretreatment crystalloid infusion were ccmpared with those observed during tocolytic therapy. Profile 
analysis and repeated measures of variance were used to anelyze the data. 

RESULTS: Ritodrine hydrochloride was associated with decreased colloid osmotic pressure, hematocrit, 
and serum proteins and increased maternal and fetal heart rates. Arginine vasopressin levels increased 
during the first 2 hours of therapy, then returned to baseline. Sodium excretion was reduced and there was 
marked fluid retention. Intravenous magresium sulfate also resulted in a reduction of colloid osmotic 
pressure, but hematocrit, serum protein concentration, arginine vasopressin, maternal and fetal heart rates, 
and mean arterial pressure were minimally affected. Sodium excretion increased to a maximum at 6 to 8 
hours of treatment, then returned to baseline. A positive fluid balance was also noted in magnesium 


sulfate—treated patients but to a lesser degree than with ritodrine. 


CONCLUSIONS: Sodium retention appears to be the primary cause of plasma volume expansion in 
ritodrine-treated patients, whereas volume expansion during magnesium sulfate therapy is probably related 
to intravenous overhydration. In the absence of risk factors for pulmonary capillary membrane injury, 
available evidence supports volume overload as the principal mechanism for pulmonary edema during 


tocolytic therapy. (Am J Osstet GYNECOL * 992:167:758-65.) 


Key words: Ritodrine hydrochloride, magnesium sulfatz, colloid osmotic pressure, arginine 


vasopressin, fractional excretion of sodium 


Preterm birth continues to be a major concern for 
the obstetrician and neonatologist. Although a number 
of tocolytic agents are now available, only ritodrine hy- 
drochloride is approved by the Food and Drug Ad- 
ministration for this purpose. B-Adrenergic agonists 
and magnesium sulfate, the most commonly used 
agents in the United States, have been associated with 
many maternal adverse effects.’* One of the most se- 
rious maternal complications is the development of pul- 
monary edema. This potentially life-threatening con- 
dition has been reported to occur during tocolytic 
therapy with ritodrine, terbutaline, Isoxsuprine, sal- 
butamol, fenoterol, and magnesium sulfate.* *"* 

Although the incidence of pulmonarv edema appears 
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to be increased in association with multiple gestation, 
glucocorticoid administration, Huid overload, and ma- 
ternal infection, the underlying pathophysiologic 
mechanism remains unclear. §-Sympathomimetic 
agents have been shown to produce cardiovascular and 
renal changes that may produce increased hydrostatic 
pressure within the pulmonary vasculature and move- 
ment of fluid into the interstitium.'*"* This cardiogenic 
explanation has been challengea by some investigators, 
who favor a noncardiogenic cause related to defective 
pulmonary capillary permeability.” * * There is very lit- 
tle information available regarding the cardiovascular, 
renal, and hemodynamic effects of magnesium sulfate. 

The purpose of this study was to observe and com- 
pare the effects of ritodrine hydrochloride and mag- 
nesium sulfate on maternal colloid osmotic pressure, 
total serum protein concentration, hematocrit, arginine 
vasopressin (antidiuretic hormone) level, fractional ex- 
cretion of sodium, and fluid balance. A secondary pur- 
pose was to compare the cardiovascular and renal ef- 
fects of a pretreatment crystalloid infusion with those 
seen during intravenous tocolytic therapy. An effort 
was made to investigate the pathophysiologic charac- 
teristics of pulmonary edema associated with the use of 
tocolytic agents. 
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Material and methods 


Fifteen women in preterm labor (27 to 36 weeks’ 
gestation) who were candidates for tocolytic therapy 
were enrolled in the study. The protocol was approved 
by the Committee on Studies Involving Human Beings, 
University of Pennsylvania. There were no obstetric or 
medical contraindications to tocolysis, and corticoste- 
roids were not given. The diagnosis of labor was based 
on the presence of painful regular contractions lasting 
at least 30 seconds, with a frequency of at least two in 
10 minutes and accompanied by dilatation or efface- 
ment of the cervix. 

On the patient’s admission for tocolysis, an indwell- 
ing catheter was placed in a peripheral vein and base- 
line venous and urine samples were obtained and 
stored at 4° C before commencement of intravenous 
infusion. All patients then received a pretreatment Huid 
load of 1000 ml 0.9% normal saline solution to ensure 
that uterine contractility was not due to dehydration. 
When uterine activity continued unabated, written in- 
formed consent was obtained from each patient before 
initiation of any further studies. Patients were pro- 
spectively randomized with a random number table to 
intravenous treatment with either ritodrine hydrochlo- 
ride or magnesium sulfate. Before commencement of 
tocolytic therapy, a heparin flush indwelling catheter 
was placed in the opposite arm of each patient for serial 
blood sampling. Venous samples were drawn imme- 
diately after intravenous hydration at 2, 4, 6, 8, and 12 
hours of tocolytic therapy and again at 4 hours after 
tocolytic agents had been discontinued. Urine samples 
were obtained after the fluid load, at 6 and 12 hours 
of tocolytic therapy, and 4 hours after discontinuation 
of therapy. 

Patients randomized to ritodrine hydrochloride ther- 
apy received an initial dosage of 50 ug/min as a con- 
stant intravenous infusion. The solution used was 100 
mg ritodrine in 500 ml of 5% dextrose in water. This 
dosage was increased by 50 pg/min at 15-minute in- 
tervals until contractions ceased, a maximum of 350 
wgmin was reached, or unacceptable maternal side 
effects developed. Patients allocated to magnesium sul- 
fate therapy received a 6 gm intravenous bolus in 150 
ml of 5% dextrose in water over 30 minutes, followed 
by an infusion rate of 2 gm/hr. The solution used was 
20 gm magnesium sulfate in 500 ml of 5% dextrose in 
water. This dosage was increased by 0.5 gm/hr every 
30 minutes until tocolysis was achieved, a maximum of 
4 gm/hr was attained, or unacceptable side effects de- 
veloped. 

If tocolysis was successful, the infusion rate was main- 
tained at the lowest effective dose to maintain uterine 
quiescence for a minimum of 12 hours. Patients who 
progressed to delivery of a preterm infant in spite of 
maximum therapy or who had adverse side effects ne- 
cessitating discontinuation of the tocolytic agent were 
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excluded from the study. Total intravenous infusion 
rates did not exceed 125 ml/hr. 

Maternal heart rate and blood pressure were moni- 
tored every 15 minutes during tocolytic therapy. Fetal 
heart rate (FHR) was monitored continuously and re- 
corded every 15 minutes. Maternal fluid intake and 
output were monitored from the time of obtaining in- 
travenous access until 4 hours after cessation of ther- 
apy. Serum and plasma specimens were separated by 
centrifugation at 4° C. Plasma colloid osmotic press ire 
values from heparinized venous samples were deter- 
mined with a colloid osmometer. The mean of three 
measurements was recorded. Serum albumin and total 
protein concentrations were determined by reflectance 
spectrophotometry. The mean value of three venous 
blood hematocrits was determined by centrifugazion 
for 5 minutes. Argmine vasopressin levels were deter- 
mined by radioimmunoassay. Sodium concentrat-ons 
in serum and in urine were determined by potentio- 
metric methods and creatinine by enzymatic reac- 
tion (Ektachem, Eastman Kodak), Fractional excre- 
tion of filtered sodium was calculated as follows: 
[(U/P)sodium(U/P)creatinine}] x 100%, where U and 
P represent concentrations of sodium and creatinine in 
urine and serum, respectively.” !5 

Statistical analysis. Each patient served as her own 
control for comparison of data at baseline, after intra- 
venous hydration, and during tocolytic therapy. Be- 
cause of the possible compromise of clinical care if pre- 
treatment hydration proved ineffective, a control 
group receiving only continuous crystalloid infusion 
was not studied. Only one patient in the magnesium 
sulfate group was excluded from analysis. Data analysis 
was performed under the direction of Brian Eastwood 
(Biostatistics Division, Department of Community 
Health and Epidemiology, Dalhousie University). The 
treatment groups were compared during tocolytic in- 
fusion by means of profile analysis with Hotelling’s T? 
statistic.” Statistical comparison was made between pre- 
treatment hydration and tocolytic infusion periods for 
both treatment groups with repeated-measures analysis 
of variance. Bonferroni simultaneous 95% confidence 
intervals were calculated to control for overall zype I 
error rate for all comparisons. Clinical data and fuid 
balance were compared with the Student’s t test. A value 
of p = 0.05 was required for statistical significarce. 


Results 


As shown in Table I, the ritodrine and magnesium 
sulfate groups were similar in age, parity, weight, and 
gestational age. The duration of tocolytic therapy was 
also comparable. The mean infusion rate for ritodrine- 
treated patients was 140 wg/min (50 to 300 p2/min) 
with a mean total dose of 101 mg per 12 hours (47 to 
147 mg per 12 hours). Magnesium sulfate—treated pa- 
tients received a mean total dose of 34 gm per 12 hours 
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Fig. 1. Plasma colloid osmotic pressure levels at baseline (Prehyd), after infusion of 1 L of normal 
saline solution (Posthyd), during 12 hours of intravenous tocolytic therapy, and 4 hours after cessation 
of therapy (Post Rx). Solid circles, Ritodrine; open circles, magnesium sulfate. 


Table I. Demographic and clinical variables 





m= 
Age (yr) 24.9 + 5.7 
Parity 1.9 + 1.4 
Gestational age (wk) 32.0 + 2.9 
Weight (Ib) 136.7 + 22.6 
Duration of therapy (hr) 9.5 + 16 
Fluid balance (ml) +1559.3 + 556.9 


NS, Not significant. 


(29 to 38 gm per 12 hours) at a mean infusicn rate of 
2.3 gm/hr (2 to 4 gm/hr). 

There were no serious complications in either the 
ritodrine- or magnesium sulfate—treated groups. Spe- 
cifically, there were no maternal or fetal deaths, and 
none of the study patients had pulmonary edema, ar- 
rythmias, or hypotension during any phase of treat- 
ment. One patient with a twin pregnancy in the rito- 
drine group developed chest pain, shortness of breath, 
and diaphoresis at an infusion rate of 300 g/min. 
There were no electrocardiographic changes and the 
symptoms resolved when the infusion rate was reduced 
to 100 wg/min. Hyporeflexia and mild dyspnea 
was noted in a patient receiving magnesium sulfate at 
4 gm/hr infusion rate. Symptoms resolved with reduc- 
tion of the rate to 1 gm/hr, and the magnesium sulfate 
level was within normal range (6.2 mg/dl). Another 
patient treated with magnesium sulfate progressed to 
delivery in spite of maximum therapy and was there- 
fore excluded from the study. 

Fluid balance. Over the study period patients in the 
ritodrine group received 2887 + 410 ml of intravenous 
fluid and magnesium sulfate—treated patients received 


Ritodrine hydrochloride 









Magnesium sulfate 





Significance 
24.1 + 6.5 NS 
Ll = i leo NS 
22 ee NS 
147.7 + 38.7 NS 
14.4 + 2.0 NS 
+572.) + 1119.9 NS 


2708 + 644 ml, a nonsignificant difference. Ritodrine- 
treated patients retained 54% of administered fluid 
compared with 22% in patients treated with magnesium 
sulfate. The mean fluid balance difference between 
groups did not achieve significance, however 
(p = 0.058). 

Colloid osmotic pressure. Baseline mean colloid os- 
motic pressure values were 22.5 mm Hg in ritodrine- 
treated patients and 21.3 mm Hg in those receiving 
magnesium sulfate. Pretreatment hydration reduced 
colloid osmotic pressure values to 20.8 and 20.1 mm 
Hg, respectively. Colloid osmotic pressure values de- 
creased further in both groups during tocolytic therapy 
to a minimum value of 19.5 mm Hg at 8 hours in 
ritodrine-treated patients and 19.1 mm Hg at 6 hours 
in those receiving magnesium sulfate. Comparison of 
the profiles of mean values over time between groups 
revealed no significant difference. Values after initia- 
tion of tocolytic therapy were significantly reduced 
from poasthydration baseline values in both groups 
(p < 0.05). The reduction in colloid osmotic pressure 
values related to pretreatment crystalloid infusion was 
significantly different from subsequent hourly changes 
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in ritodrine-treated patients (p < 0.05) but not in those 
treated with magnesium sulfate (Fig. 1). 

Serum colloids. As demonstrated in Fig. 2, there was 
a drop in total protein and albumin values with hydra- 
tion in all patients during the first hour of the study 
period. This trend continued during tocolytic therapy 
with ritodrine to minimum values at 8 hours for both 
parameters. Treatment with magnesium sulfate had 
little effect on serum albumin or total protein values, 
which remained near baseline posthydration levels. 
The profiles of variation over time in the two groups 
were significantly different for serum albumin 
(p < 0.04) but not for serum total protein. Changes that 
occurred during the first hour of fluid loading com- 
pared with subsequent hourly changes only attained 
significance for serum total protein patients treated 
with magnesium sulfate (p < 0.004). 

Hematocrit. The initial mean hematocrits were 35.3 
ml/dl in ritodrine-treated patients and 34.6 ml/dl in 
those given magnesium sulfate. After a pretreatment 
fluid load mean hematocrits fell to 33.9 and 33.1 
ml/dl, respectively. Hematocrit values continued to de- 
crease during infusion of ritodrine, with the lowest 
mean value observed after 12 hours of therapy. There 
was minimal change in hematocrit during magnesium 
sulfate therapy. The profiles of hematocrit changes 
over time in the two groups were significantly different 
(p < 0.01). Alterations in mean hematocrit values 
caused by the pretreatment fluid load were not signif- 
icantly different from subsequent changes during rito- 
drine or magnesium sulfate therapy (Fig. 2). 

Arginine vasopressin. As shown in Fig. 3, arginine 
vasopressin levels decreased with intravenous pretreat- 
ment hydration. There was an increase in arginine va- 
sopressin noted at 2 hours in ritodrine-treated patients, 
which was significantly greater than the mean posthy- 
dration level (p < 0.01). Arginine vasopressin values 
subsequently returned to baseline, where they re- 
mained with little variation throughout the remainder 
of the study period. Arginine vasopressin level was min- 
imally affected by magnesium sulfate administration. 
Profile analysis revealed no significant difference in 
variation in levels over time between the two groups. 
In addition, the change in arginine vasopressin level as 
a result of pretreatment hydration did not differ sig- 
nificantly from subsequent changes during tocolytic 
therapy in either group. 

Fractional excretion of sodium. Fractional excretion 
of filtered sodium is a physiologic measure of sodium 
resorption that takes into account creatinine and so- 
dium clearances and therefore also expresses sodium 
filtration.’ There was no significant change in serum 
sodium levels in either group of patients during ther- 
apy. There was a slight rise in fractional excretion of 
filtered sodium observed after the intravenous fluid 
load in both groups of study patients; this rise did not 
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Fig. 2. Serum protein, albumin, and hematocrit levels a: base- 
line (Prehyd), after infusion of 1 L of normal saline sclution 
(Posthyd), during 12 hours of intravenous tocolytic therapy, 
and 4 hours after cessation of therapy (Post Rx). Solid circles, 
Ritodrine; open circles, magnesium sulfate. 


achieve significance. Subsequent therapy with ritcdrine 
resulted in persistence of low fractional excretion of 
filtered sodium (<1%), suggesting increased sodium 
reabsorption. Magnesium sulfate—treated patients 
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Fig. 3, Plasma arginine vasopressin levels.at baseline (Prehvd), after infusion of 1 L of normal saline 
solution (Pesthyd), during 12 hours of intravenous tocolytic therapy, and 4 hours after cessation of 
therapy (Post Rx). Solid circles, Ritodrine; open circles, magnesium sulfate. 
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Fig. 4. Fractional excretion of sodium values at baseline (Prefyd), after infusion of 1 L of normal 
saline solution (Posthyd), during 12 hours of intravenous tocolytic therapy, and 4 hours after cessation 
of therapy (Post Rx). Solid cireles, Ritodrine; ope circles, magnesium sulfate. 


demonstrated an increase in fractional excretion of fil- 
tered sodium to a maximum (1.6%) at 6 hours of ther- 
apy with a decrease to near posthydration baseline at 
12 hours. In spite of this apparent tendency toward 
increased sodium excretion with magnesium sulfate, 
comparison of fractional excretion of filtered sodium 
profiles demonstrated only borderline significance 
(p =.0.068). Fractional excretion of filtered sodium 
changes caused by the fluid load alone were greater 
than subsequent changes during tocolysis in both rito- 


drine (p< 0.04) and magnesium sulfate (p< 0.02) — 


groups (Fig. 4). 


Cardiovascular effects. FHR and maternal heart rate 
and maternal mean arterial pressure changes during 
tocolytic therapy are depicted in Fig. 5. FHR increased 
from a mean baseline rate of 138 beats/min to a max- 
imum of 165 beats/min at 4 hours during ritodrine 
tocolysis. Fetal tachycardia persisted throughout ther- 
apy and for 4 hours after it was discontinued. Mag- 
nesium sulfate, on the other hand, had little effect on 
FHR. Maternal tachycardia was observed during rito- 
drine tocolysis, reaching maximum values at 6 hours 
and returning to near baseline by 4 hours after therapy. 
There was little change in maternal heart rate in pa- 
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tients receiving magnesium sulfate. The profiles of rito- 
drine and magnesium sulfate groups varied signih- 
cantly from one another for both FHR and maternal 
heart rate (p < 0.05, p < 0.01). 

Maternal mean arterial pressure showed little vari- 
ation during tocolytic therapy with either agent. Mean 
arterial pressure tended to be slightly lower during rito- 
drine infusion (75 to 82 mm Hg) than with magnesium 
sulfate (78 to 86 mm Hg), but there was no significant 
difference between the two groups. 


Comment 


The cause of pulmonary edema in pregnant women 
receiving tocolytic agents has not been clearly defined. 
Plasma volume expansion has been reported to occur 
during tocolytic therapy with B-adrenergic agonists sec- 
ondary to disturbances in sodium and fluid metabo- 
lism.'? 2*2? Retention of sodium and water during $- 
sympathomimetic therapy may be due to central release 
of antidiuretic hormone and increased renin and an- 
giotensin activity, resulting in a decreased glomerular 
filtration rate.’*?° Although plasma volume was not di- 
rectly measured in this study, reductions in colloid os- 
motic pressure, hematocrit, and serum colloids and a 
positive fluid balance all suggest volume expansion in 
ritodrine-treated patients. 

‘The observation of arginine vasopressin release dur- 
ing the first 2 hours of therapy is consistent with the 
findings of Grospietch et al.” However, because there 
were no significant changes in serum sodium levels in 
ritodrine-treated patients, volume expansion in this 
group could not be explained by arginine vasopressin— 
mediated fluid retention alone. Arginine vasopressin 
secretion 1s inhibited by short-term volume expansion 
by baroreceptor mechanisms. Consequently, after an 
initial B-adrenergic stimulation of arginine vasopressin 
secretion, subsequent suppression of arginine vaso- 
pressin levels would be expected during continuous 
ritodrine therapy, as demonstrated in Fig. 3. 

‘The absence of an increase in fractional excretion of 
sodium during ritodrine therapy in spite of volume 
expansion indicates an antinatriuresis. The most likely 
explanation for this phenomenon is increased plasma 
renin activity resulting in sodium retention, as pro- 
posed by others.’* *° Sodium retention appears to be 
the primary cause of plasma volume expansion in pa- 
tients treated with ritodrine hydrochloride. 

Reported cardiovascular effects of magnesium sul- 
fate are inconclusive. Mroczek et al.” observed pro- 
found alterations in cardiovascular hemodynamics in 
nonpregnant subjects after intravenous administration 
of magnesium sulfate. Peripheral vascular resistance 
and mean arterial pressure were decreased, whereas 
cardiac output and stroke volume were increased. 
These changes could theoretically set the stage for the 
development of pulmonary edema secondary to pro- 
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Fig. 5. FHR, maternal heart rate, and maternal mean arterial 
pressure at baseline (Prehyd), after infusion of 1 L of normal! 
saline solution (Posthyd), during 12 hours of intravenous to- 
colytic therapy, and 4 hours after cessation of therapy 
(Post Rx). Solid circles, Ritodrine; open circles, magnesium 
sulfate. 


found vascular smooth muscle relaxation, vasodilation, 
and cardiac failure. More recently, however, Cotton et 
al.” demonstrated only transient fluctuations in cardiac 
index and mean arterial pressure in severely pre- 
eclamptic women receiving magnesium sulfate. Sys- 
temic and pulmonary vascular resistance were unaf- 
fected. On the basis of this information, a direct effect 
of magnesium sulfate on cardiac hemodynamics seems 
unlikely. 
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Very little is known about the effects of magnesium 
sulfate infusion on sodium and fluid balance. In their 
evaluation of the effects of magnesium sulfate on the 
renin-angiotensin system Sipes et al.” found no change 
in renin or angiotensin-converting enzyme activity dur- 
ing intravenous therapy for preterm labor. In this in- 
vestigation, only colloid osmotic pressure changes were 
suggestive of plasma volume expansion during mag- 
nesium sulfate tocolysis. Hematocrit, serum total pro- 
tein, and serum albumin were unaffected, and the per- 
centage of retained fluid was similar to that reported 
previously in controls receiving crystalloids only. Ev- 
idence of antidiuretic or sodium-retaining properties 
of magnesium sulfate were lacking. Consequently, 
plasma volume expansion observed during intravenous 
magnesium sulfate therapy probably results from 
overhydration with crystalloids rather than from dis- 
turbances in sodium or fluid balance. 

In comparisons of ritodrine and magnesium sulfate 
groups, only serum albumin, hematocrit, and maternal 
and FHR varied significantly. Failure to demonstrate a 
significant difference between groups for fractional ex- 
cretion of filtered sodium may be due to the large vari- 
ation in overall fluid balance in magnesium-treated pa- 
tients. Total serum protein and arginine vasopressin 
concentration between groups would possibly reach sta- 
tistical significance with larger sample sizes. 

Comparisons of alterations of the various parameters 
during pretreatment hydration with subsequent 
changes during tocolytic therapy were inconclusive. To 
control for the intravenous fluid administered with 
each tocolytic agent, a third group of patients receiving 
intravenous crystalloid alone would be required to iso- 
late the effects attributable to a specific tocolytic agent. 
For ethical reasons enrollment of patient controls was 
not permitted during this preliminary investigation. 

Crystalloid infusions are known to cause alterations 
in virtually all of the parameters measured in this, study. 
Colloid osmotic pressure values, in particular, have 
been shown to fall with intravenous hydration, during 
8-mimetic therapy, and in the immediate postpartum 
period.*** Long-term therapy with 8-mimetics has 
been associated with more dramatic reductions in col- 
loid osmotic pressure values.” This finding may be due 
to the known effect of bed rest on colloid osmotic pres- 
sure, which may also have been a factor in this study. 
A more likely explanation is that increased plasma vol- 
ume during B-mimetic therapy results in a dilutional 
effect on colloid osmotic pressure. Colloid osmotic pres- 
sure therefore reflects plasma volume changes. 

' Pulmonary edema is more likely to occur if the colloid 
osmotic pressure to pulmonary capillary wedge pres- 
sure gradient is <4 mm Hg." Such profound reduc- 
tions in colloid osmotic pressure would require exces- 
sive overhydration in healthy young women. However, 
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even small increases in plasma volume may become 
clinically significant in the face of pulmonary capillary 
injury. For these reasons avoidance of intravenous 
overhydration is an important measure in preventing 
pulmonary edema during tocolytic therapy. 

Proposed mechanisms for maternal pulmonary 
edema associated with tocolytic therapy include (1) in- 
creased plasma volume resulting in increased pulmo- 
nary hydrostatic pressure, (2) injury to pulmonary cap- 
illary beds and increased endothelial permeability, and 
(3) left ventricular failure from myocardial fatigue or 
ischemia. Membrane injury may occur with maternal 
infection or embolic phenomenon, and the possibility 
of a direct toxic effect of B-mimetic agents has been 
proposed but never proved. Increased pulmonary 
pressures have been recorded during tocolytic therapy 
by some investigators, whereas others have consistently 
reported pressures in the normal range.* ® 1% 3 A 
recently developed noninvasive method to measure 
pulmonary pressures may help resolve this controversy 
in the future.” The possibility of maternal left ventric- 
ular failure associated with tocolytic therapy seems un- 
likely except where there is preexisting cardiac disease. 
In the absence of factors known to cause pulmonary 
capillary membrane injury, available evidence supports 
volume overload as the principal mechanism for pul- 
monary edema during tocolytic therapy. 


REFERENCES 


1. Katz M, Robertson PA, Creasy RK. Cardiovascular com- 
plications associated with terbutaline treatment for pre- 
term labor. AM J OBSTET GYNECOL 1981;139:605-8. 

2. Benedetti TJ. Life-threatening complications of beta-mi- 
metic therapy for preterm labor inhibition. Clin Perinatol 
1986; 13:843-51. 

3. Elliott JP. Magnesium sulfate as a tocolytic agent. AM J 
OBSTET GYNECOL 1983;147:277-84. 

4. Dudley D, Gagnon D, Varner M. Long-term tocolysis with 
intravenous magnesium sulfate. ODE Gynecol 1989; 
73:373-8. 

5. Elliott HR, Abdulla U. Pulmonary Sdan associated with 
ritodrine infusion and betamethasone administration in 
premature labor. BM] 1978;2:799-800. 

6. Elliott JP, O'Keeffe DF, Greenberg P, Freeman RK. Pul- 
monary edema associated with magnesium sulfate and 
betamethasone administration. AM J OBSTET GYNECOL 
1979;134:717-9. 

7: Jacobs MM, Knight AB, Arias F. Maternal pulmonary 
edema resulting from betamimetic and- glucocorticoid 
therapy. Obstet Gynecol 1980;56:56-9. 

8. Benedetti TJ, Hargrove JC, Rosene KA. Maternal pul- 
monary edema during premature labor inhibition. Obstet 
Gynecol 1982;59:335-75. 

9, Pou-Martinez A, Kelly SH, Newell FD, Culbert CM. Post- 
partum pulmonary edema after ritodrine and betameth- 
asone use. J Reprod Med 1982;27:428-30. 

10. Hawker F. Pulmonary oedema associated with 6.-sym- 
pathomimetic treatment of premature labour. Anesth In- 
tensive Care 1984;12:143-51. 

11. Hatjis CG, Swain M. Systemic tocolysis for premature je 
bor is associated with an increased incidence of pulmonary 
edema in the presence of maternal infection. AM J OBSTET 
GYNECOL 1988; 159:723-6. 


Volume 167 
Number 3 


12. 


Lo: 


14. 


15. 
16. 


17. 


18. 


19. 


20. 


Bus 


Philipsen T, Ericksen PS, Lynggard F. Pulmonary edema 
following ritodrine-saline infusion in premature labor. 
Obstet Gynecol 1981;58:304-8, 

Hauth JC, Hankins GD, Kuehl TJ, Pierson WP. Ritodrine 
hydrochloride infusion in pregnant baboons: I. Biophys- 
ical effects. AM J OBSTET GYNECOL 1983;146:916-24. 
Hankins GD, Hauth JC, Kuehl TJ, Brans YW, Cun- 
ningham FG, Pierson WP. Ritodrine hydrochloride in- 
fusion in pregnant baboons: IH. Sodium and water com- 
partment alterations. AM J OBSTET GYNECOL 1983; 
147:254-9, 

Moise KJ, Cotton DB. The use of colloid osmotic pressure 
in pregnancy. Clin Perinatol 1986;13:827-43. 

Uretsky BF, Verbalis JG, Generalovich T, Valdes A, Reddy 
PS. Plasma vasopressin response to osmotic and hemo- 
dynamic stimuli in heart failure. Am J Physiol 
1985;248(Heart Circ Physiol 17):H396-402. 

Espinel CH. The FENa test: use in the differential di- 
agnosis of acute renal failure. JAMA 1976;236:579-81. 
Zarich S, Fang LST, Diamond JR. Fractional excretion of 
sodium: exceptions to its diagnostic value. Arch Intern 
Med 1985;145:108-12. 

Morrison DF. Profile analysis for two independent groups. 
In: Multivariate statistical methods. New York: McGraw- 
Hill, 1976:153-9. 

Grospietsch G, Fenske M, Girndt J, Uhlich E, Kuhn W. 
The renin-angiotensin-aldosterone system, antidiuretic 
hormone levels and water balance under tocolytic therapy 
with fenoterol and verapamil. Int J] Gynaecol Obstet 
1980;17:590-5. 

Schrier RW, Lieberman R, Ufferman RC. Mechanism of 
antidiuretic effect of beta adrenergic stimulation. ] Clin 
Invest 1972;51:97-111. 


oe 


23. 


24. 


25; 


26. 


27. 


28. 


29. 


Maternal fluid dynamics during tocolytic therapy 765 


Kleinman G, Nuwayhid B, Rudelstorfer R, et al. Circu- 
latory and renal effects of B-adrenergic-receptor stimu- 
lation in pregnant sheep. AM J OBSTET GYNECOL 
1984;149:865-74. ; 

Mroczec WJ, Lee WR, Davidou ME. Effects of magnestum 
sulfate on cardiovascular hemodynamics. Angio_ogy 
1977;28:720-7. 

Cotton DB, Gonik B, Dorman KF. Cardiovascular alter- 
ations in severe pregnancy-induced hypertension: acute 
effects of intravenous magnesium sulfate. AM ] OBSTET 
GYNECOL 1984;148:162-5. 

Sipes SL, Weiner CP, Gellhaus TM, Goodspeed JD. The 
plasma renin-angiotensin system in preeclampsia: effects 
of magnesium sulfate. Obstet Gynecol 1989;73:934-7. 
Jones MM, Longmire S, Cotton DB, Dorman KF, Skjonsby 
BS, Joyce TH. Influence of crystalloid versus colloid in- 
fusion on peripartum colloid osmotic pressure charges. 
Obstet Gynecol 1986;68:659-61. 

Gonik B, Cotton DB, Spillman T, Abouleish E, Zavisca F. 
Peripartum colloid osmotic pressure changes: effec-s of 
controlled fluid management. AM J OBSTET GYNECOL 
1985;151:812-5. 

Cotton DB, Strassner HT, Lipson LG, Goldstein DA. The 
effects of terbutaline on acid base, serum electrolytes. and 
glucose homeostasis during the management of prezerm 
labor. AM J] OBSTET GYNECOL 19813141:617-24. 

Hadi HA, Abdulla AM, Fadel HE, Stefadourus MA, 
Methany WP. Cardiovascular effects of ritodrine tocolysis: 
a new non-invasive method to measure pulmonary cap- 
illary pressure during pregnancy. Obstet Gynecol 
1987;70:608-12. 


Placental insufficiency as a possible cause of low maternal 
serum human chorionic gonadotropin and low maternal serum 


unconjugated estriol levels in triploidy 


Moshe Fejgin, MD, Aliza Amiel, PhD,* Shmuel Goldberger, MD," Inbal Barnes, MSc,’ 


Tamar Zer, PhD, and Gertrude Kohn, MD" 
Kfar Saba and Jerusalem, Israel 


We report three cases in which triploidy (69,XXX) was detectad by amniocentesis performed for very low 
maternal serum human chorionic gonadotropin levels. All three cases also had low maternal serum 
unconjugated estriol levels. We suggest placental insufficiency as the cause of the very low human 
chorionic gonadotropin because of histologic observations and because a known marker for placental 
insuificiency, estriol, was atso very low. (AM J Osster Gynecci. 1992;167:766-7.) 


Key words: Amniocentesis, maternal serum human crorionic gonadotropin, low maternal 
serum unconjugated estriol, placental insufficiency, triploidy 


Since the introduction of maternal serum a-fetopro- 
tein as a screening test for Down syndrome, additional 
biochemical screening tests have been suggested. Sev- 
eral recent reports have noted that trisomy 18 is as- 
sociated with very low levels of maternal serum human 
chorionic gonadotropin (hCG). Also, we have reported 
our preliminary observation on a possible association 
between very low maternal serum hCG and triploidy.’ 
Maternal serum unconjugated estriol levels are low 
both in trisomy 21 and trisomy 18 pregnancies. To the 
best of our knowledge, these are the first cases to be 
reported in the literature. 


Material and methods 


All pregnant patients registered at our medical cen- 
ter who are =35 years of age at the time of delivery 
are screened at 16 to 18 weeks of gestation for a-feto- 
protein, hCG, and estriols. During an 8-month period 
(August 1990 to March 1991), 4000 patients were 
screened. 


Results 


In 14 patients amniocentesis was performed for very 
low maternal serum hCG levels <0.25 multiples of the 
median. Three cases of triploidy arid one case of tri- 
somy 18 were detected. We report three patients with 
very low maternal serum hCG levels in whom amnio- 
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centesis revealed triploidy. All three also had low levels 
of low maternal serum unconjugated estriol. 


Case reports 


Case 1. A 25-year-old, healthy woman, gravida 1, 
para 0, was referred for amniocentesis because routine 
screening at 16 weeks revealed a maternal serum a- 
fetoprotein level of 0.43 multiples of the median, a 
maternal serum hCG level of 0.06 multiples of the me- 
dian, and a low maternal serum unconjugated estriol 
level of 0.1 multiples of the median. Ultrasonographic 
examination showed severe intrauterine growth retar- 
dation, Cultured amniotic fluid cells revealed triploidy 
69,XXX in all cells examined. A therapeutic abortion 
was performed. 

Case 2. A 26-year-old, healthy woman, gravida 1, 
para 0, was referred for amniocentesis after receiving 
the following results on routine screening at 16 weeks: 
maternal serum a-fetoprotein level of 1.70 multiples of 
the median, maternal serum hCG level of 0.09 multi- 
ples of the median, and low maternal serum uncon- 
jugated estriol level of 0.41 multiples of the median. 
The ultrasonographic examination was normal. Cul- 
tured amniotic fluid cells revealed triploidy 69,XXX in 
all cells examined. A therapeutic abortion was per- 
formed. Chromosome analysis of fetal blood confirmed 
the diagnosis. 

Case 3. A 24-year-old woman, gravida 2, para 0, 
abortus 1, underwent amniocentesis after the following 
values were obtained on routine screening at 16 weeks: 
maternal serum a-fetoprotein level of 0.81 multiples of 
the median, maternal serum hCG level of 0.19 multi- 
ples of the median, and low maternal serum uncon- 
jugated estriol level of 0.17 multiples of the median. 
Ultrasonographic imaging demonstrated intrauterine 
growth retardation and agenesis of the corpus cal- 
losum. Cultured amniotic fuid cells revealed triploidy 
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69,XXX in all cells examined. A therapeutic abortion 
was performed. 


Comment 


Triploidy is a condition in which there is an over- 
representation of one parental genome; triploidy is 
present in 1% of all recognized human pregnancies. It 
can occur as a result of fertilization of a normal haploid 
egg by two normal sperm, fertilization of a diploid egg 
by a haploid sperm, or fertilization of a haploid egg by 
a diploid sperm. Most triploidies end as spontaneous 
abortions or partial hydatidiform moles. However, 
some may be stillborn or live-born infants. 

Recently, McFadden and Kalousek? studied 19 fe- 
tuses with triploidy that survived beyond the first 
trimester. The fetuses and placentas were examined 
grossly and microscopically. Parental origin of the extra 
haploid set was determined with chromosome poly- 
morphism. Two phenotypes were observed: type 1 (two 
cases), relatively normal fetal growth with large, cystic 
placenta; and type 2 (17 of 19), marked intrauterine 
growth retardation, large head, and small, noncystic 
placenta. 

Microscopically, these placentas showed chorionic 
villi with fibrosis of the stromal core and without tro- 
phoblastic hyperplasia. On analysis one type 1 fetus 
proved to have an extra paternal haploid set. In one 
type 2 fetus triploidy originated from an error in ma- 
ternal gametogenesis. 

Because hCG is produced by the trophoblast, it is 
considered to be a marker of the amount of live tro- 
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phoblast. Therefore it is not surprising to find relatively 
low levels of maternal serum hCG in the presence of 
intrauterine growth retardation with small, inefficient 
placentas. The cytogenetic makeup of such a placenta 
may be a major contributing factor to the diminished 
production of hCG. The additional finding of low levels 
of estriol, an old marker for placental insufficiency at 
term, supports our hypothesis. 

It can be speculated that maternal serum hCG levels 
will prove to be low only in phenotype 2 fetuses and 
not in all cases. Indeed, two of our three cases dem- 
onstrate early-onset intrauterine growth retardation 
and may belong to type 2 phenotype. Also, none of the 
three placentas was hydropic. 

In conclusion, we report a possible association be- 
tween very low maternal serum hCG and low maternal 
serum unconjugated estriol levels, and triploidy. The 
addition of our observation to the previously reported 
association between low maternal serum hCG levels and 
trisomy 18 may establish a need to recommend amnio- 
centesis in both high and very low maternal serum hCG 
levels. 
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Computed tomography: Does it really improve the treatment of 


cervical carcinoma? 


David H. Moore, MD, Deborah J. Dotters, MD, and Wesley C. Fowler, Jr., MD 


Chapel Hill, North Carolina 


OBJECTIVE: The purpose of this study was to determine if computed tomography in cervical cancer 
staging resulted in treatment modifications leading to improved survival. 

STUDY DESIGN: Medical records of 246 consecutive women treated over a 3-year period fcr primary 
cervical cancer were reviewed. Frequency of recurrence was the outcome measure of interest and 


subjected to x? analysis. 


RESULTS: Only eight patients had improved survival from treatment modifications nased: on computed 
tomography findings. Eight patients uncerwent additional surcical procedures because of computed 


tomography findings that proved to be erroneous. 


CONCLUSIONS: Considering the high cost and limited benefit, computed imoran for cervical cancer 
staging is not recommended. (AM J OBSTET GYNECOL 1992;167:768-71.) - 


Key words: Cervical cancer, cancer staging, computed tomography 


Cervical cancer arises from the squamocolumnar 
junction. Stromal invasion is succeeded by lymphatic 
permeation and embolization to the parametrial, pelvic 
and aortic lymph nodes. Tumor infiltration into sur- 
rounding tissues also occurs. Peritoneal spread and vas- 
cular dissemination are less common modes of metas- 
tasis. l 
The FIGO (International Federation of Obstetrics 
and Gynecology) staging system for cervical cancer re- 
flects characteristic growth patterns and identifies dis- 
tinct prognostic and treatment categories. Women with 


disease limited’ to the cervix are usually treated with- 


radiation therapy or surgery. Treatment for more ad- 
vanced disease is based on radiation therapy. 

Cervical cancer is regarded as a pelvic disease. How- 
ever, metastases to the aortic lymph nodes occur in 
>20% of patients with stage IIB and in 30% of patients 
with stage III or IV cervical cancer.’ Aortic lymph 
nodes are not included in standard pelvic radiation 
portals but can be effectively treated with extended- 
field radiation therapy.*” Computed tomography (CT) 
can detect lymph nodes that are enlarged from meta- 
static disease.* * Although widely available and fre- 
quently obtained, CT for cervical cancer staging is con- 
troversial. The purpose of this retrospective study was 
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to determine if computed tomography improved the 
treatment of cervical cancer in women. 


Material and methods 


We reviewed the medical records of all women re- 
ferred to The University of North Carolina at Chapel 
Hill from Jan. 1, 1984, to Dec. 31, 1986, with newly 
diagnosed, untreated cervical cancer. Patients who un- 
derwent pretreatment CT were the group of primary 
interest, although women who did not undergo CT 
were included in the study as a comparison group. Ex- 
cluded from the study were women with microinvasive 
cervical cancer, recurrent cervical cancer, and uncertain 
primary cancers. We also excluded women who refused 
treatment. The study population totalled 246 patients. 

Clinical staging was conducted in accordance with 
FIGO guidelines. Consequently, surgical or CT find- 
ings were not used to assign stage. All patients were 
examined by attending physicians within the Division 
of Gynecologic Oncology. Biopsy specimens were col- 
lected and reviewed with members of the Department 
of Pathology. Staging procedures included a chest ra- 
diograph, barium enema or flexible sigmoidoscopy, cys- 
toscopy, and intravenous pyelogram. Pelvic examina- 
tion with the women under anesthesia, when per- 
formed, was used for the staging assignment. Diftering 
opinions between observers were resolved by accepting 
the findings of the more senior examiner. 

Computed tomography was performed with a 
Technicare 2060Q scanner (Technicare, Solon, Ohio). 
Oral and rectal contrast was used and intravenous con- 
trast was administered if renal function was adequate. 
Images were taken at 5 mm increments from the sym- 
physis pubis to the aortic bifurcation and at 10 mm 
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increments from the bifurcation to the diaphragms. 
Radiology reports were studied to determine if CT 
findings contradicted FIGO staging and made treat- 
ment modifications necessary. We ignored assessments 
of parametrial extension but considered findings of 
ureteral obstruction or lymph node or visceral metas- 
tases as abnormal. 

For data analysis patients were separated into two 
groups on the basis of disease extent: Group 1 included 
all women with FIGO stage IB or IIA cervical cancer; 
group 2 included all women with stage IIB to IVB 
cervical cancer. Treatment approaches were substan- 
tially different for the two groups. Group | patients 
presumably had cervical cancer confined to the true 
pelvis and would ordinarily either receive pelvic radia- 
tion therapy or undergo radical hysterectomy. Con- 
versely, group 2 patients were at substantial risk for 
metastases beyond the true pelvis. Group 2 patients 
were not considered for radical hysterectomy but were 
candidates for pretreatment retroperitoneal sampling 
of the common iliac and aortic lymph nodes to deter- 
mine the need for extended-field radiation therapy. 
Group 2 patients were treated primarily with pelvic 
radiation therapy with or without radiosensitizing che- 
motherapy. 

Because management approaches were different, 
groups were analyzed separately to determine the fre- 
quency of treatment alterations prompted by abnormal 
CT findings. For group 1 patients CT might alter treat- 
ment by detecting unsuspected ureteral obstruction or 
lymph node metastases and thereby averting radical 
surgery or by detecting aortic node metastases and the 
need for extended-field radiation therapy. For group 
2 patients CT might alter treatment by detecting aortic 
node metastases and the need for extended-field ra- 
diation therapy. 

Disease recurrence was the outcome measure of in- 
terest. Only treatment alterations resulting in recur- 
rence-free survival were considered beneficial. 

Differences in continuous numeric data were ana- 
lyzed with a two-sided Student ¢ test. Discontinuous 
variables were compared in contingency tables by 
means of the x’ test with 1 df. The level of significance 
was set at p < 0.05. 


Results 


Stage distributions of the study population are shown 
in Table 1. CT scans were performed in 171 of 246 
patients (69.5%). A significant difference was found in 
the frequency of CT scans obtained in group 1 (57.8%) 
versus group 2 (86.9%) (p < 0.0005). 

Among patients in group 1, squamous cell carcinoma 
was the predominant histologic type, present in 77.6% 
of cases. Only 12 patients had well-differentiated tu- 
mors. There were no apparent differences with respect 
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Table I. Cervical cancer and CT 
study population 


CT not 
Stage CT performed performed 
IB 76 61 
IHA 9 l 
IIB 31 3 
HIA l l 
IB 42 5 
IV 12 4 
TOTAL 171 75 


to age, histologic type, or tumor grade between patients 
who did and did not undergo CT scanning. However, 
the mean lesion size for women who underwent CT 
scanning was: 3.1 cm versus 2.2. cm for thosé who did 
not undergo the procedure; this difference was signif- 
icant (p < 0.01). 

Treatments used in group 1 patients included: pelvic 
radiation therapy (n = 64), radical hysterectomy 
(n = 57), and pelvic radiation therapy followed by total 
abdominal hysterectomy (n = 26). Computed tomog- 
raphy did not alter the treatment plan after conven- 
tional FIGO staging for any patient with stage IIA cer- 
vical cancer. Among patients with stage IB cervical zan- 
cer, 6 of 32 (18.8%) underwent radical hysterectomy 
without a preoperative CT scan and were proved to 
have pelvic lymph node metastases; however, 7 of 25 
(28%) underwent surgical exploration and were proved 
to have pelvic lymph node metastases in spite of the 
fact that preoperative CT scans showed no evidence of 
lymphadenopathy. Another patient had intraoperative 
findings of peritoneal disease undetected by computed 
tomography. 

Forty-five of the 64 patients treated with pelvic ra- 
diation therapy had CT performed and scans were ab- 
normal in eight (18%). Two patients with suspected 
lymph node metastases underwent retroperitoneal sur- 
gical staging and lymph nodes were negative for met- 
astatic cancer. In the only patient treated with ex- 
tended-field radiation therapy on the basis of CT-dem- 
onstrated aortic lymphadenopathy, a pelvic recurrence 
developed. The other 7 patients received pelvic radia- 
tion therapy and four remain without evidence of re- 
current cancer. 

Thirteen women in group | had CT scans demon- 
strating retroperitoneal adenopathy. Five patients sub- 
sequently underwent either radical hysterectomy 
(n = 2) or retroperitoneal staging laparotomy (n = 3); 


` all five had lymph nodes that were negative for meta- 


static cancer. Four patients received primary pelvic ra- 
diation therapy and recurrent disease developed in the 
pelvis in all of them. Four patients received therapy 
based solely on FIGO staging studies, consisting of pel- 


770 Moore, Dotters, and Fowler 


vic radiation therapy followed by total abdominal hys- 
terectomy, bilateral salpingo-oophorectomy, and lymph 
node sampling. Lymph node biopsy specimens were 
negative in all four cases. 

In group 2 squamous cell carcanoma was the pre- 
dominant histologic type, present in 87% of the cases. 
Only 6.1% of group 2 cancers were well differentiated. 
There were no significant differences with respect to 
age, stage, histologic type, or tumor grade for patients 
who did or did not undergo pretreatment CT exami- 
nation. 

Among the 34 patients in group 2 with stage IIB 
cervical carcinoma, CT scans demenstrated either high 
common or aortic lymph node metastases in 6 of 3° 
(19.4%). Of these 6, one patient underwent pretreat- 
ment retroperitoneal staging laparotomy with negative 
lymph node biopsy specimens. Five women receivec 
extended-field radiation therapy with or without ra- 
diosensitizing chemotherapy, and 2 are alive without 
evidence of recurrent cancer. Another patient had liver 
metastases on CT scan and receive palliative radiatior. 
therapy. 

Among the 49 patients in group 2 with stage IIIA 
and IIIB cervical carcinoma, 10 of 43 (23.3%) had CT 
scans suggesting high common or aortic lymph node 
metastases. Of these 10, 4 had negative lymph node 
biopsy specimens. One patient received extended-field 
radiation therapy after aortic lymph node biopsy spec- 
imens were positive for metastatic cancer and another 
received extended-field radiation therapy after refus- 
ing biopsy; both patients remain disease-free. Three 
patients received extended-field radiation therapy with 
or without pretreatment biopsy and died of recurrent 
cancer, One patient refused needle aspiration biopsy 
under CT scan guidance, received pelvic radiation ther- 
apy, and presently is without evidence of recurrent 
cancer. 

Thirty-three patients with stage IIIA or ILIB cervical 
cancer had pretreatment CT scans showing no evidence 
for metastatic disease beyond the true pelvis. Seven of 
these patients underwent retroperitoneal staging lap- 
arotomy with abnormal findings in two patients—dis- 
seminated intraperitoneal disease in one and aortic 
lymph node metastases in the other. 

Among the 16 patients with stage IV cervical cancer, 
computed tomography was performed in 12. Four 
women had CT scans that were negative for metastatic 
disease beyond the true pelvis, and two of those four 
remain disease-free after pelvic radiation therapy. Six 
women had CT scans showing disseminated intraperi- 
toneal disease (n = 4) or massive aortic adenopathy 
(n = 2) and received palliative radiation therapy. Two 
patients received extended-field radiation therapy after 
the discovery of aortic lymphadenopathy on CTs and 
both died of recurrent cancer. 
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Overall, only eight patients had treatment modifi- 
cations because of CT scan findings resulting in recur- 
rence-free survival. Eight patients underwent addi- 
tional surgical procedures because of. abnormal CT 
findings that proved to be erroneous. 


Comment 


The FIGO staging system for cervical cancer is based 
on clinical evaluation. Compared with surgical findings, 
clinical studies are incorrect in >20% of cases, with 
accuracy decreasing as stage increases.* ° Pretreatment 
surgical staging has been advocated for early (stage IB 
and ITA) cervical cancer or for advanced cervical cancer 
as part of prospective investigational studies.’ However, 
many patients with cervical cancer are medically unfit 
for surgery, and there can be substantial complications 
from transperitoneal surgical staging and extended- 
held radiation therapy." *° There is less treatment mor- 
bidity with retroperitoneal staging and subsequent ra- 
diation therapy.” 

With the exceptions of magnetic resonance imaging 
and lymphangiography, CT scanning is the only widely 
available, noninvasive procedure providing detailed in- 
formation on the abdominal cavity and retroperito- 
neum. Identification of lymph node or visceral metas- 
tases could enhance treatment planning by individual- 
izing radiation portals or by avoiding operations for 
seemingly early stage cancers. The sensitivity of CT 
scanning for detecting aortic lymph node metastases is 
approximately 70% to 75%," Pelvic lymph node me- 
tastases are less frequently detected by CT scans,.’* 
Detection of lymph node metastases is dependent on 
lymph node enlargement, and consequently micro- 
scopic metastases are cften missed. It is ironic that mac- 
roscopic lymph node metastases are more susceptible 
to CT detection and less likely to be cured with directed 
therapy. 

Several investigators have questioned the utility of 
CT scanning in cervical cancer staging. Parker et al." 
reported on a series of 47 women with stage IB cervical 
cancer, and in no case did CT alter the clinical staging. 
Because of the low incidence of aortic node metastases 
and the inaccuracy of CT for assessing pelvic lymph 
nodes in early-stage cervical cancer, Camilten et al.’ 
recommended CT only for the evaluation of patients 
wtih stage II to IV disease. Brodman et al.” studied 16 
women who underwent radical hysterectomy after con- 
ventional FIGO staging, magnetic resonance imaging, 
and CT scanning and concluded that neither imaging 
study was superior to clinical staging alone. These stud- 
ies compared the accuracy of CT staging against con- 
ventional clinical and/or surgical staging. Ultimately, a 
diagnostic test can be considered useful only if it pro- 
vides information leading to a change in therapy with 
patient benefit. 
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Our purpose was to determine if CT scanning altered 
treatment, resulting in improved survival. This was a 
retrospective analysis, and therefore reasons why pa- 
tients were selected for CT were unknown. Also un- 
known. were reasons for selecting radiation versus sur- 
gical therapy in group 1, recommending pretreatment 
surgical staging, or administering radiosensitizing che- 
motherapy. 

Out of the 171 women in our study who underwent 
pretreatment CT, only 8 patients (4.1%) had treatment 
modifications based on CT scan findings resulting in 
long-term survival. The role for CT in group 1 patients 
seemed equivocal. At most, 8 patients with abnormal 
scans were spared radical surgery and instead received 
radiation therapy: however, 4 of 8 (50%) patients had 
recurrence. The role for CT in group 2 patients also 
seemed questionable. Only four women with stage IIB 
to IIIB cervical cancer had treatment modifications 
prompted by abnormal CT findings resulting in re- 
currence-free survival. Three patients in group 1 and 
five patients in group 2 underwent otherwise unnec- 
essary surgical procedures because of CT scan findings 
that proved erroneous. 

The charge for computed tomography with contrast 
exceeds $1000 in most hospitals. The high cost, the low 
yield, and the occasional need for additional proce- 
dures because of discrepant findings were not consis- 
tent with cost efficiency. We do not advocate the routine 
use of CT for cervical cancer staging. 
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The ranges of insulin response and glucose tolerance in lean, 
normal, and obese women during pregnancy 
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OBJECTIVE: We characterized insulin secretion and glucose disposal in a large unselected group of 
women, encompassing the full spectrum of glucose tolerance in pregnancy, and related the findings to 


maternal obesity. 


STUDY DESIGN: Intravenous glucose tolerance and first-phase insulin response were measured at about 
32 weeks’ gestation in 690 unselected pregnancies. The women were designated as “lean,” “normal,” or 


“obese” on weight-for-height criteria. 


RESULTS: The distribution of insulin response was bimodal, but there was no corresponding dichotomy in 
maternal glucose disposal rate. Insulin response was greatest and glucose disposal rate slowest in obese 
women. In general, “poor” glucose tolerance was associated with relatively low insulin output. It was not 
possible to identify any cluster of women, obese or otherwise, in whom poor glucose tolerance was 


specifically associated with an unusual y high insulin response. 


CONCLUSION: The data indicate that the distribution of glucose tolerance in pregnancy is a continuum. 
Glucose intolerance represents one end of that spectrum and is attributable to insufficient insulin secretion. 
This relative insufficency is most frequent with maternal obesity. (AM J OssteT GYNECOL 1992;167:772-7.) 


Key words: Glucose tolerance test, pregnancy, insulin, obesity 


Pregnancy is a time of relative insulin resistance, and 
as gestation progresses, maternal glucose tolerance, 
whether determined by oral' or intravenous? tests, 
steadily deteriorates. The condition of gestational di- 
abetes mellitus is said to exist when glucose intolerance 
of a degree deemed to be pathologic is identified for 
the first time during pregnancy. The precise degree of 
glucose intolerance required to establish the diagnosis 
of this condition is a matter of legitimate debate, anc 
the North American and the European (World Healtk 
Organization) diagnostic standards differ quite mark- 
edly.** Although in most instances the disorder remits 
after pregnancy, gestational diabetes mellitus is asso- 
ciated with a considerably enhanced risk of diabetes in 
later life.’ 

The potential defects responsible for gestational di- 


From the Department of Child Health, Aberdeen University Medical 
School, the Department of Obstetrics and Gynaecology, Aberdeen Ma- 
ternity Hospital,’ the Department of Clinicai Biochemistry, Aberdeen 
Royal Infirmary, and the Diabetic Clinic, V/oolmanhill Hospital. 
Supported by grants from the University of Aberdeen, the Secretary 
of State for Scotland (grant 85.8750), and the Wellcome Foundation. 
Received for publication June 11, 1991; revised February 10, 1992; 
accepied February 18, 1992. 

Reprint requests: George Farmer, MD, Consultant Paediatrician, 
Stirling Royal Infirmary, Livilands Gate, Stirling, Scotland FK8 
2AH 


611137248 


772 


abetes mellitus are inadequate insulin output, insulin 
resistance, or both. There is general agreement that 
inadequate insulin output plays a major part.®” Hol- 
lingsworth et al., however, have suggested that the in- 
sulin resistance associated with gross obesity may in 
itself be sufficient to cause gestational diabetes in spite 
of high levels of insulin output. Such studies provide 
an incomplete picture in tha: they compare “represen- 
tative” groups of women with gestational diabetes mel- 
litus and normal pregnant controls, whereas it is known 
that maternal glucose tolerance (as reflected by blood 
glucose values during the oral glucose tolerance test) is 
continuously graded.’ In the current work we have at- 
tempted to overcome these difficulties by characterizing 
insulin secretion and glucose disposal in a large unse- 
lected group of women, encompassing the full spec- 
trum of glucose tolerance in pregnancy, and relating 
the findings to maternal obesity. 

Whereas insulin resistance might best be assessed by 
glucose clamp techniques, this was not logistically pos- 
sible in a large-scale study. We have instead used the 
intravenous glucose tolerance test, which is particularly 
suited to such an investigation for two reasons. First, 
as a measure of glucose disposal, it allows glucose tol- 
erance to be assessed on a continuously graded scale. 
Second, the first-phase insulin response to intravenous 
glucose is more readily interpreted than insulin mea- 
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surements during the oral glucose tolerance test, were 
high insulin concentrations in response to poor glucose 
disposal may represent either insulin resistance or a 
normal or even subnormal response to persistently high 
blood glucose levels." 


Material and methods 


- The data are drawn from a large-scale prospective 
study of intravenous glucose tolerance in pregnancy, 
other aspects of which have been published else- 
where.’ * A detailed protocol for the investigation was 
submitted to and approved by the Joint Ethical Com- 
mittee of Grampian Health Board and the University 
of Aberdeen. Women were recruited to the study at 
their initial visit to the antenatal clinic. After they gave 
informed consent, an intravenous glucose tolerance test 
was performed ai the start of the third trimester of 
pregnancy (31.8 + 1.5 weeks’ gestation, mean + SD). 
The study population was unselected, the only exclu- 
sions being women with twin pregnancies, those re- 
celving systemic glucocorticoid therapy, and those with 
known preexisting diabetes mellitus. 

The intravenous glucose tolerance test was per- 
formed according to the method described by Fisher 
et al.? The plasma glucose level was measured by a 
glucose oxidase technique (Beckman Instruments, Ltd., 
Galway, Ireland), and plasma insulin was determined 
by radioimmunoassay (radioimmunoassay kit 1M78, 
Radiochemicals Centre, Amersham). The fasting 
plasma glucose level was established by the mean of 
three earlobe capillary specimens. A total of 50 ml of 
50% glucose was injected intravenously at a constant 
rate over 3 minutes. Blood was drawn for serum insulin 
measurement from the contralateral arm immediately 
on completion of the injection (3-minute insulin) and 
again ] minute later (4-minute insulin): the overall in- 
sulin response was taken as the sum of these two values. 
Glucose was. estimated on earlobe capillary plasma 
drawn 4, 10; 20, 30, 40, 50, and 60 minutes after the 
start of the glucose injection. Glucose disposal rate was 
calculated as the gradient of the plot of the natural 
logarithm of plasma glucose against time. This in turn 
was calculated by computed regression with the least- 
squares method. The glucose disposal constant was des- 
ignated k by Fisher et al.* but it is described here as the 
absolute index in conformity with previous publications 
relating to our study. 

Height was measured (in meters) on a stadiometer 
in the antenatal clinic, and the women were weighed 
(in kilograms) in a light wrap at each clinic visit. “Mid- 
pregnancy weight” was recorded only when a weight 
measurement at between 16 and 24 weeks’ gestation 
was available, and this figure was adjusted to be equiv- 


Insulin and glucose to'erance in pregnancy 773 


Frequency (n) 
160 


140 





Wt, 


SS coo ASS =a 
2.4 2.8 3.2 3.6 
Absolute index (%/min) 


sk 
N 
= 
a 
N 


Fig. 1. Frequency distribution of glucose disposal rate (a3so- 
lute index). 


alent to the 20-week weight with the approximation that 
weight gain in pregnancy is 0.25 kg/week until 20 weeks 
and 0.5 kg/week thereafter. (The weight in midpreg- 
nancy is particularly suitable for analysis in that it does 
not depend on the fallible memory of the subject. At 
the same time it excludes much of the variation in 
weight that is liable to occur in later pregnancy because 
of the growth of the fetus and other products of zon- 
ception and maternal fluid retention.) 

Body mass index was calculated as the weight at 20 
weeks divided by height squared. 

Data relating to 918 cases have been published else- 
where." The current analysis is restricted to those 690 
cases in which all plasma glucose and insulin values 
during the glucose tolerance test and appropriate data 
on weight and height were available. 

Statistical analysis was performed by a computer 
package‘ with the facilities of the Aberdeen University 
mainframe. Because of its skew distribution, a natural 
logarithmic transformation has been applied to glucose 
disposal before inclusion in statistical calculations. Pear- 
son correlations have been used throughout. The 
Scheffé procedure was used for comparison of ranges 
in analysis of variance Calculations. All quoted proba- 
bilities represent two-tailed tests. 


Results 


The 690 cases analyzed here are a subset of the 918 
cases that we have previously reported, but they resem- 
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Fig. 2. Frequency distribution of insulin responses in lean, 


normal, and obese individuals: A, 3-minute sample; B, 4-min- 
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bled the complete study group in terms of maternal 


age, parity, and social class. The complete study group 


has already been shown to resemble the population 
from which it was drawn in these respects." 
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Body habitus was assessed on the basis of body mass 
index (weight divided by the square of the height). 
Those with body mass index =22.06, which repre- 
sented the 25th percentile for the study group as a 
whole, were classified as being “lean,” those with a body 
mass index between the 25th and 75th percentiles were 
classifed as “normal,” and those with a body mass index 
>75th percentile, namely, 26.50, were classified 
“obese.” 

The frequency distributions of maternal glucose dis- 
posal rate and first-phase insulin response are shown 
in Figs. 1 and 2, respectively. Whereas the distribution 
of the absolute index is unimodal with a slight positive 
skew, the distribution of insulin response shows clear 
evidence of bimodality. The distributions of insulin re- 
sponse in lean, normal, and obese individuals and the 
distribution of insulin responses at 3- and 4-minutes 
individually have also been examined; the bimodality 
persisted in all subgroups examined but was most 
clearly evident on the 3-minute specimen and in women 
of lean build (Fig. 2, A to C). 

We have assumed that the plasma glucose as mea- 
sured at 4 minutes from the start of the glucose injec- 
tion allowed sufficient time for mixing but little time 
for metabolic disposal and thus provided an approxi- 
mate representation of the magnitude of the initial 
plasma glucose challenge to the pancreatic B-cells. The 
Pearson correlation coefficient relating 4-minute ma- 
ternal plasma glucose to maternal insulin response was 
— 0.049 (not significant). 

In the population as a whole, the glucose disposal 
rate (absolute index) was significantly correlated with 
first-phase insulin response (Pearson’s r = 0.252, 
p < 0.001, n = 690). The positive value of r indicates 
that less-efficient maternal glucose disposal was asso- 
ciated with lower levels of insulin response. Other fac- 
tors had an influence on both glucose disposal and in- 
sulin production; increased maternal age was associated 
with both diminished glucose disposal rate (r = 
—0.167, p< 0.001) and lower insulin response 
(r = —0.178, p < 0.001). In obese women there was 
mild elevation of the fasting plasma glucose level and 
a diminished glucose disposal rate, but the insulin out- 
put was increased (Table I). These findings were not 
attributable to differences in maternal age among the 
various groups. 

The lower mean glucose disposal rate observed in 
obese women was related to a shift in the overall dis- 
tribution curve, rather than the presence of a subgroup 
with exceptionally poor glucose tolerance. 

The relationship between plasma insulin response 
and glucose disposal rate in “lean,” “normal,” and 
“obese” individuals is shown zraphically in Fig. 3. The 
overall trend in each group was for slower maternal 
glucose disposal to be associated with less insulin out- 
put. Although there was a wide scatter of insulin results 
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Table I. Glucose tolerance, insulin response, and age in relation to body habitus 


Fasting plasma 
glucose 





Body 


habitus (mg/dl, mean + SD) 
Lean 172 75.7 + 6.4 
Normal 346 771+ 69 
Obese 172 78.9 + 7.0% 


Glucose disposal 
(log K, mean + SD) 











Insulin response, 
3 min + 4 min 
(IU/ml, mean + SD) 






0.779 + 0.191 242 + 100 25.3 + 4.5 
0.747 + 0,191 247 + 109 26.2 + 4.4 
0.685 + 0.189* 91252185" 26.2 + 4.5 


*Qbese group differs significantly from both lean and normal groups, p < 0.05 (analysis of variance, comparison of ranges of 


Scheffé procedure). 


in each of the groups at every level of glucose tolerance, 
it was not possible to discern any separate cluster of 
women characterized by high insulin response in spite 
of a slow glucose disposal rate. There was no evident 
dichotomy in maternal glucose tolerance results to cor- 
respond with the bimodal nature of the distribution of 
first-phase insulin response. 


Comment 


First-phase insulin levels have been shown to be pre- 
dictive of the development of type I diabetes in selected 
high-risk subpopulations,” and loss of this phase of 
insulin secretion is an early feature of type II diabetes." 
In normal individuals first-phase insulin is highly cor- 
related with the magnitude of the second-phase re- 
sponse, and the magnitude of both phases is increased 
during normal pregnancy.’® 

There are a number of factors that contribute to the 
variability of the relationship between first-phase in- 
sulin response and glucose disposal. The magnitude of 
first-phase response to a standard stimulus is itself 
highly variable both within and between normal indi- 
viduals.” Furthermore, glucose disposal rate is not en- 
tirely dependent on the interaction between maternal 
insulin secretion and insulin resistance. Not only is part 
of the decline in plasma glucose attributable to redis- 
tribution of glucose in the body fluid compartments 
and urinary losses, but there is evidence that the met- 
abolic disposal of glucose is modulated in part directly 
by the plasma glucose levels.’ It has also been suggested 
that fetal hyperinsulinism per se may contribute to en- 
hanced disposal of glucose from the maternal blood- 
stream in the continuing presence of marked maternal 
glucose intolerance.'* 

The bimodal distribution of insulin response noted 
here does not appear to have been observed by previous 
authors. The lack of any corresponding bimodality in 
glucose disposal suggests that the phenomenon is not 
of direct pathologic significance. One possible expla- 
nation relates to the cyclic oscillations of basal plasma 
glucose and insulin secretion that have been observed 
in the fasting state.” It is conceivable that the early part 
of the first-phase insulin response is relatively impaired 
when glucose is administered during certain phases of 
the cycle of resting insulin secretion. Such attenuation, 


if it occurs, might be compensated for later in the first- 
phase response. As we have ro data on insulin levels 
either in the resting state or in the second half of the 
first-phase response, we have been unable to test this 
hypothesis further. Although it was not logistically pos- 
sible in a study of this size, the first-phase insulin re- 
sponse should ideally be characterized by more fre- 
quent sampling to assess the area under the curve of 
early insulin concentrations with time. 

In spite of considerable scatter in first-phase insulin 
response at every level of glucose tolerance in the cur- 
rent study, the large numbers of individuals examined 
allow the trends underlying first-phase insulin release 
to be ascertained. 

It is widely reported that fasting insulin levels are 
elevated in obese subjects. Freinkel et al” have found 
insulin concentrations in metabolically normal obese 
pregnant women to exceed those in lean pregnant 
women by 4.8 mU/L on average. Although baseline 
insulin levels were not measured in our study, variations 
in fasting insulin of similar magnitude would clearly 
not be sufficient to account for the enhanced insulin 
levels after glucose challenge observed in obese women 
in this study. 

As first-phase insulin did not vary in accordance with 
the magnitude of the glycemic stimulus, it follows that 
the higher insulin levels observed in obese individuals 
were not a response to the degree of hyperglycemia 
but more likely were evidence of an increased secretory 
capacity. A similar adaptation to obesity has been ob- 
served in the nonpregnant state.” However, it is not 
possible to be sure that all the insulin measured in the 
current study was metabolically active, because the as- 
say used does not discern between insulin and proin- 
sulin. 

Within each of the three groups, slow glucose dis- 
posal was associated with relatively poor insulin re- 
sponse. This supports the conclusion of Freinkel et al.’ 
that glucose intolerance during pregnancy is attribut- 
able mainly to defective insulin secretion. The finding 
that insulin responses were highest among obese 
women, where mean glucose disposal rates were slow- 
est, demonstrates the ability of many subjects to re- 
spond to insulin-resistant states by an enhanced insulin 
secretory response. It also indicates that an innate in- 
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Fig. 3. Relationship between first-phase insulin response and maternal glucose disposal in lean, 


normal, and obese groups of women. 


ability to increase insulin secretion sufficiently is most 
likely to become manifest in obese women, perhaps 
particularly when they are exposed to the superadded 
stress of pregnancy. This latter concept is clearly in 
keeping with the increased risk of glucose intolerance 
in the nonpregnant state, which has been observed in 
women with a history of gestational diabetes.’ 

-The numbers involved in the current study were so 
substantial, and the exclusions so few, that we believe 
the study group to have been representative of preg- 


nant women in the local population. Although pri- 
marily intended as an overview of the whole range of 
maternal glucose tolerance, the study was large enough 
to include a number of subjects who by statistical criteria 
had “abnormal” glucose tolerance (by definition, in 17 


of the 690 cases, maternal glucose disposal rate fell 


below the 2.5th percentile). As has been previously 
demonstrated for oral glucose tolerance in pregnancy,’ 
intravenous glucose tolerance was found to be uni- 
modally distributed throughout the study group. Al- 
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though a definition of glucose intolerance that desig- 
nates 2.5% of all pregnancies as being complicated by 
maternal glucose intolerance may be convenient in 


pragmatic terms, in biologic terms the definition is en- . 


tirely arbitrary. Nonetheless, as the distribution of glu- 
cose tolerance is shifted to the left in obese women, the 
incidence will be greater among this group whatever 
diagnostic criterion is adopted. l 
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OBJECTIVE: To compare the obstetric outcome of in vitro fertilization pregnancies with normally 


conceived pregnancies. 


STUDY DESIGN: The obstetric outcome of in vitro fertilization pregnancies achieved in 763 British 
residents at two in vitro fertilization clinics resulting in the births of 961 babies were compared by means of 
the relative risk statistic with a control croup of naturally conceived primiparous pregnancies matched by 


maternal age and multiplicity of pregnancy. 


RESULTS: Twenty-five percent of in vitro fertilization pregnancies were multiple pregnancies. The 
incidence of singleton term breech presentation was similar to that among controls. As compared with 
controls there was an increased inciderice among in vitro fertilization pregnancies of vaginal bleeding and 
hypertension requiring hospitalization (p < 0.001) and cesarean births (p < 0.001) and, among in vitro 
fertilization singleton pregnancies, an increased incidence of intrauterine growth retardation (p < 0.05), 
placenta previa (p < 0.05), and preterm delivery (p < 0.001). The congenital malformation, stillbirth, and 
perinatal mortality rates were comparable with maternal age~standardized national rates. 
CONCLUSIONS: Although the majority of in vitro ‘fertilization pregnancies have a satisfactory obstetric 
outcome, there are a number of increased obstetric risks that may reflect the history of infertility, the 
relatively high incidence of poor obstetric history, and the lower threshold for obstetric intervention in in 


vitro fertilization patients. (AM J OBsteT GYNECOL 1992;167:778-84.) 
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The conventional method by which the success of 
any infertility therapy is judged is by the pregnancy 
rate after specified periods of treatment. In the case of 
in vitro fertilization (IVF) and embryo transfer prac- 
titioners of IVF have been primarily concerned with 
the pregnancy rate attained with each cycle of treat- 
ment or with each cycle where embryo transfer is per- 
formed. However, in the final analysis the most im- 
portant result to the patient is the likelihood of having 
a healthy baby. In this regard consideration of the ob- 
stetric outcome of IVF pregnancies is of paramount 
importance. Hitherto data on this subject have been 
largely derived from small series of patients,’* or from 
large collaborative studies reporting the results of many 
units.” A major limitation of the existing literature is 
the absence of a control group in any of the studies’*; 
because there is no control group, the central issue as 
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to whether the obstetric outcome of IVF pregnancies 
is different from that of non-I VF conceptions in a com- 
parable group of women is difficult to address. 

Bourn Hall Clinic in Cambridge and the Hallam 
Medical Centre in London are two clinics that have 
merged to form the Bourn Hallam Group; at the two 
clinics the selection of patients for IVF and the treat- 
ment procedures used are similar. The aim of our study 
was to compare the obstetric outcome of pregnancies 
resulting from IVF within the Bourn Hallam Group 
with that of spontaneous conceptions achieved by a 
comparable group of women matched by age and mul- 
tiplicity of pregnancy so as to determine whether the 
obstetric outcome of the IVF pregnancies carried in- 
creased risks for the mother or baby. 


Material and methods 


The data on in vitro fertilization births are from the 
Medical Research Council IVF Register of all births 
resulting from IVF to British residents. The methods 
used to collect the data have been described elsewhere’ 
and will only be summarized here. Patients of Bourn 
Hall Clinic and Hallam Medical Centre who were de- 
livered of live-born babies or stillborn babies at >28 
weeks’ gestation were contacted to request permission 
to participate in the study. Infertility history and 
treatment details were taken from clinic medical rec- 
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ords and obstetric histories were obtained by postal 
questionnaire to obstetricians attending the deliv- 
eries. 

Data on the control births were obtained from St. 
Thomas’ Hospital, London (a large teaching hospital), 
and Queen Mary’s Hospital, Sidcup (a district general 
hospital). Both are National Health Service hospitals 
and serve the population of the South East Thames 
region. At both these obstetric units (each of which has 
approximately 3400 deliveries a year) all obstetric data 
had been recorded into the Euroking computer system 
at the time of booking and at the time of delivery. All 
sequential deliveries to primiparous women in 1988 
and 1989 were extracted from the computer to serve 
as the control group. The deliveries were stratum- 
matched to the IVF births for maternal age, such that 
the maternal age structure of the control group was 
1%, 20 to 24 years; 12%, 25 to 29 years; 40%, 30 to 34 
years; 41%, 35 to 39 years; and 6%, 40 to 44 years of 
age. Data from the two hospitals were pooled after it 
was confirmed that there was no heterogeneity between 
the two groups with respect to all the obstetric variables 
studied. 

Obstetric risks in the IVF and control cohorts were 
compared by means of the relative risk (RR) statistic.® 
“Small for gestational age” was defined as a birth weight 
=10th percentile for the appropriate gestational week 
according to the Gairdner and Pearson standard 
growth charts. 


Results 


Since their inception, >3500 IVF pregnancies have 
been achieved at Bourn Hall Clinic and Hallam Medical 
Centre. Of these, there were 763 known British resi- 
dents who delivered 961 IVF babies between 1978 and 
1987. Detailed obstetric outcomes were obtained from 
84% of the deliveries. The control group consisted of 
978 singleton and 21 twin deliveries. No triplet control 
deliveries were found. 

IVF parent characteristics. The average duration of 
infertility of the parents was 6.4 years, the mean pa- 
ternal age was 36.2 years, and the mean maternal age 
34.2 years (Table I). This compares with a mean ma- 
ternal age of 28.8 years in England and Wales.’ Fifty- 
two percent of the women had primary infertility 
(Table I). The percentage of primigravid women >35 
and 40 years of age was 42% and 5%, respectively. The 
corresponding figures nationally are 4% and 0.4%.’ 
Seventy percent of women had tubal damage as the 
primary cause of infertility, but for 10% of couples no 
cause of infertility was identifiable. For those IVF pa- 


tients with secondary infertility the outcome of the pre- 


vious pregnancies had generally been unfavorable. 
Thirty-two percent had miscarried and 32% had had 
an ectopic pregnancy; only 50% had a previous live 
birth (Table I). 
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Table I. Characteristics of 763 British 
residents who delivered babies resulting from 
IVF at Bourn Hallam from 1978 

through 1987 


Mean maternal age (yr) 34.2 
Mean paternal age (yr) 36.2 
Mean duration of infertility (yr) 6.4 
Cause of infertility (%) 
Tubal damage 70 
Endometriosis 6 
Other female cause 6 
Male factor alone 8 
Unexplained infertility 10 
Incidence of primary infer- 52 
tility (%) 


Outcome of previous preg- 
nancies in patients with sec- 
ondary infertility 
Percentage of women 


with =] 

Miscarriage 32 

Termination of preg- 23 
nancy 

Eciopic pregnancy 32 

Stillbirth 4 

Live birth 50 


Multiple pregnancy in IVF births. There was no 
significant difference in the maternal age distribution 
in those who conceived singleton, twin, or triplet IVF 
pregnancies (Fig. 1). The main determinant of multi- 
plicity of IVF pregnancy was the number of embryos 
transferred (Fig. 2). The mean number of babies born 
per delivery increased significantly from 1 to 1.36 as 
the number of embryos transferred increased from 1 
to 4 or more (p < 0.0001). 

Obstetric complications. Vaginal bleeding necessi- 
tating hospitalization was experienced by 17% of sin- 
gleton, 18% of twin, and 25% of triplet IVF pregnancies 
(Table II}. The risk for singletons was significantly 
higher than in the control population (p < 0.001). 
Three percent of all singleton IVF pregnancies had 
placenta previa compared with 1.4% in the controls 
(p < 0.05). In the patients who had vaginal bleeding in 
the third trimester of pregnancy, 33% of singletons had 
placenta previa and 8% had abruptio placentae. Hy- 
pertension necessitating hospitalization was observed in 
14%, 17%, and 28% of singleton, twin, and triplet preg- 
nancies, respectively. The risk of hypertension requir- 
ing hospitalization in IVF singleton pregnancies was 
almost twice that observed in the controls (RR = 1.9, 
p < 9.001). 

Fetal growth retardation as determined on serial ul- 
trasonographic scanning was observed in 13%, 23%, 
and 35% of singleton, twin, and triplet IVF pregnan- 
cies, respectively. The risk of growth retardation de- 
veloping in IVF singletons was significantly higher than 
in the controls {p < 0.05). Impaired placental function 
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Fig. 1. Maternal age distribution by multiplicity of pregnancy. 


as judged by diminished amniotic fluid and deterio- 
rating biochemical indexes was reported in 12%, 16%, 
and 22% of patients in the three IVF patient groups, 
respectively. Appropriate control data for impaired 
placental function was not available. Seventeen percent 
of the placentas from women with singleton IVF preg- 
nancies and 28% of those singleton IVF pregnancies 
associated with vaginal bleeding in the third trimester 
of pregnancy had an abnormal appearance at birth and 
were described as gritty, infarcted, or unhealthy. 

Presentation of the fetus. When all IVF pregnancies 
were considered, the incidence of breech presentation 
was 14%. However, the majority of these were associ- 
ated with multiple pregnancy and preterm labor. The 
incidence of breech presentation in singleton IVF ba- 
bies who delivered at term was 4%, compared with 6% 
in the control group. The difference was not statistically 
significant. | 

Characteristics of labor and delivery. Forty-three 
percent of singleton, 22% of twin, and 4% of triplet 
pregnancies had spontaneous onset of labor (Table IJ). 
Intrapartum fetal distress was noted in 24% of single- 
ton and 10% of twin IVF pregnancies. IVF twins had 
a significantly lower risk of fetal distress during labor 
compared with controls (RR = 0.71, p < 0.05), which 
probably reflected the high incidence of elective cesar- 


ean section of IVF twins. Only 29% of all IVF preg- 
nancies (34% of singleton pregnancies) had a normal 
vaginal delivery. Fifty-one percent of all IVF pregnan- 
cles were delivered by cesarean section. Although a 
high proportion of cesarean sections were performed 
because of multiple pregnancy or breech presentation 
(64% of twins, 92% of triplets, and 82% of breeches 
were delivered by cesarean section) the cesarean section 
rate for singleton IVF babies was 47%, a rate that was 
significantly higher than that of controls (RR = 1.78, 
p < 0.001). 

Gestational age at time of delivery. Table III shows 
the proportion of pregnancies ending in preterm de- 
livery; it is apparent that the major determining factor 
was the multiplicity of the pregnancy. Overall, 25% of 
deliveries were preterm compared with 6% of all de- 
liveries in England and Wales. Interestingly, 14% of 
IVF singleton pregnancies were preterm compared 
with, 7.9% in the controls (RR = 1.78, p < 0.001). For 
twins the corresponding figures were 58% for the 
Bourn Hallam babies and 52% for controls. The dif- 
ference was not significant. To ascertain whether the 
high incidence of preterm deliveries in IVF singletons 
was the result of iatrogenic intervention in the form 
of induced labor or cesarean section, a more de- 
tailed analysis of those patients who were delivered 
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FOUR OR MORE 


NUMBER OF EMBRYOS TRANSFERRED 


SINGLETON 











| TWIN Í TRIPLET 


_ Fig. 2. Multiplicity of pregnancy by number of embryos transfe: 


Table II. Obstetric complications and delivery details of IVF and control pregnancies 








Bieedingt ` 17 il 1.664 
Hypertensiont 414 7.4 1.904 
Placenta previa l 3 1.4 1.418 - 
Retarded fetal growth 13 ~ Ql 1.41§ 
Spontaneous labor onset 43 62. 0.704 
Intrapartum fetal dis- 24 32 0.71 
tress i ; l l l 
Delivery by cesarean | 47 24 1.784 
section 


Ci. Confidence interval. 


*Relative risk of event in LVF group compared with controls. 


+tRequiring hospitalization. 
tp < 0.001. . 
$p < 0.05. 


after spontaneous onset of labor was considered. It - 
was found that 13% of singleton IVF pregnancies - 
were delivered preterm after spontaneous onset of ` 


labor compared with 7% 1 in the controls ae = 1.84, 
p < 0.05). 


Outcome of pregnancy. The Sec sex.ratio of the | 
IVF babies was 1.05 mdles to 1 female. The majority- 





Triplet. 





Control 
{n = 21) 






95% CI 





1.29-2.14 18 14 0.67 0.24-1.87 25 
1.40-2.59 ple, 19- 0.91 0.35-2.38 | 28 
1.03-1.92 0 0 — — g 
1.03-1.92 23 14 1.58 0.53-4.76 ` 35 
0.63-0.78 22 38 1.31 0.74-2.32 4 
0.59-0.85 10 42 .23§ 0.11-0.48 G 
1.53-2.06 54 ' 60 0.98 92 


0.69-1.40 


of FVF babies were born in good condition; the mean 


Apgar scores at l'and 5 minutes were 7.8 and 9.3, 


respectively. Overall, 29% of all IVF babies were sent 
to special baby care units, including 41% of twins and 
85% of triplets. ‘Thirty-two percent of all IVF babies 


had a low birth weight of <2500 gm. This was largely 


because of the high incidence of multiplicity, but the 
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Table III. Gestational age and birth weight in IVF and control pregnancies 






Control 
(n = 978) 
(%) 


95% CI 







Triplet 


Control 
(n = 21) 
(%) 





Proportion deliveries pre- 14 8 1.78f 1.30-2.42 52 11 0.72-1.71 97 
term (<37 wk) 

Proportion deliveries pre- 13 7 1.847 1.15-2.88 74 71 1.04 0.64-1.70 100 
term (spontaneous labor 
only) 

Proportion babies low 14 7 L754 1.28-2.39 53 40 1.32 0.90-1.94 92 
birth weight (<2500 
gm) 

Proportion term babies 6 3 LEOF 1.12-3.20 18 10 1.83 0.46-7.23 33 
low birth weight 

Mean birth weight + SD 3123 + 572 3275 + 601$ 2388 + 606 2408 + 841 1895 + 470 


(gm) 


CI, Confidence interval. 


*Relative risk of event in IVF group compared with concrols. 


tp < 0.05. 
tp < 0.001. 


§Statistically significant difference between mean values 0.05 > p> 9.01 


Table IV. Small-for-gestational-age singleton 
babies by preterm-term status 


34%" 16%t 18%* 


*Statistically significant difference from the expected 10%: 
0.01 > p< 0.01. 


Statistically significant difference from the expected 10%: 
0.05 > p < 0.05. 


risk of low birth weight in IVF singleton babies (14%) 
was almost double that in the controls (RR = 1.75, 
p < 0.001). In the case of IVF singletons who deliverec 
at term, 6% of the babies had a birth weight of <2500 
gm compared with 3% in the control populatior. 
(RR = 1.90, p < 0.05). There was also a significantly 
higher incidence (p < 0.001) of small-for-gestational- 
age singleton IVF babies (Table IV). The stillbirth rate 
and perinatal mortality rates per 1000 births among 
singleton, twin, and triplet IVF pregnancies were 5.07 
and 13.5, 20.8 and 38.2, and 24.7 and 37.0, respec- 
tively; these rates were not significantly different from 
maternal age—standardized national rates. There was 
no increased incidence of congenital abnormalities. 
Further details of the perinatal and neonatal outcome 
have been separately reported." 


Comment 


In the decade since the birth of the first child con- 
ceived as a result of IVF® the IVF technique has 
emerged as an essential method in the treatment of 
infertility. Although success rates are best related to the 
cumulative conception rates after specified periods of 


treatment,’ the most important outcome to the patient 
is the probability of bringing home a normal, healthy 
baby." In this regard it is important to determine 
whether the obstetric outcome in IVF pregnancies dif- 
fers from that occurring after natural conception and 
whether IVF pregnancies carry increased risks for the 
mother and baby. In comparing the obstetric outcome 
of IVF pregnancies with the normal population two 
factors must be borne in mind. First, women who 
achieve pregnancy through IVF are usually older than 
average: The mean maternal age in our study was 34.2 
years compared with 28.8 years nationally,’ and the 
proportion of elderly primigravid patients over the age 
of 35 years was 42%, a figure considerably higher than 
in the average population. It ts well recognized that 
older women are more prone to obstetric problems, 
including hypertensive disorders of pregnancy, diffi- 
cult labor, and an increased cesarean section rate. Sec- 
ond, 52% of the patients had primary infertilty; the 
remainder had a high incidence of previous adverse 
pregnancy outcomes, including a 4% stillbirth rate com- 
pared with 0.55% in England and Wales.” Increased 
maternal age, a history of infertility, and poor obstetric 
history are all predictive of increased obstetric risks and 
adverse outcomes. 

To determine whether IVF pregnancies carry in- 
creased risks for the mother and baby, a comparison 
of IVF pregnancies with a control population is im- 
portant. Unfortunately, the studies that have been pub- 
lished on this subject have either reported small num- 
bers of patients,’* have been large collaborative studies 
without a control group,** or have reported the results 
of patients of many different ethnic origins and de- 
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mographic backgrounds who had their obstetric care 
in different countries.'* We have sought to overcome 
these problems by confining our analysis to pregnancies 
achieved by British residents alone. This helped to en- 
sure that all data collected were as complete as possible 
and allowed the selection of a control group that was 
broadly similar in ethnic origin and matched by age 
and multiplicity of pregnancy. As in the majority of 
IVF patients, patients in the control group were pri- 
miparous, and both IVF and control patients had their 
obstetric care in the United Kingdom. Although the 
control group was not matched with the IVF patients 
by social class, in general the IVF patients would be of 
a higher socioeconomic class, considering they were 
able to afford the cost of private IVF treatment, and 
those in the control group were all patients attending 
the National Health Service. Because better socioeco- 
nomic circumstances are usually associated with more 
favorable obstetric outcomes, everything else being 
equal it would be expected that the obstetric outcome 
would be better in the IVF patients than in the contro] 
group. Therefore any adverse obstetric outcome ob- 
served in the IVF group compared with the control 
group is likely to be genuine and not the result of dif- 
ferences in socioeconomic class. 

The major contributing factor of IVF to obstetric 
outcome is the increased incidence of multiple preg- 
nancy, which was 25% in our study compared with 1% 
after natural conception.’* Because there was no sig- 
nificant difference in maternal age or in the incidence 
of previous multiple pregnancies in those who con- 
ceived singleton, twin, or triplet IVF pregnancies, the 
major contributing factor is almost certainly multiple 
embryo transfer. The mean number of babies born 
significantly increased from 1 to 1.36 as the number of 
embryos transferred increased from | to =4. In turn, 
multiple pregnancy is associated with a higher inci- 
dence of pregnancy-induced hypertension, impaired 
placental function, retarded fetal growth, and preterm 
deliveries, with all their attendant obstetric and peri- 
natal risks. 

Our results suggest that in comparison with controls 
IVF pregnancies have a higher incidence of hyperten- 
sion and vaginal bleeding requiring hospitalization, a 
greater likelihood of delivery by cesarean section and, 
among singleton pregnancies, a higher incidence of 
preterm delivery, growth retardation, and placenta 
previa. Control data for twins were relatively few; 
therefore statistical power of comparisons between the 
IVF and control groups for these twin outcomes was 
poor. 

The majority of cesarean sections were probably per- 
formed because of anxiety surrounding the manage- 
ment of these premium pregnancies. Although it is a 
truism that all pregnancies are precious, the long du- 
ration of infertility, the age of the patients, and the 


Obstetric outcome of in vitro pregnancies 783 


patients’ considerable difficulty in achieving pregnancy 
would undoubtedly have influenced the decision as to 
the mode of delivery. In a similar manner the relatively 
high incidence of vaginal bleeding and hypertension 
requiring hospitalization may be a reflection of the in- 
creased anxiety surrounding the management of these 
pregnancies. It could be that women with some degree 
of vaginal bleeding or hypertension are more likely <o 
be hospitalized if the pregnancy is the result of assisted 
conception. 

We found an increased incidence of preterm deliv- 
eries and growth retardation among the IVF pregnan- 
cies as compared with controls even when the analysis 
was confined to singleton pregnancies. It is possible that 
this is related to the infertility status of the IVF patients. 
Saunders et al. compared a small cohort of IVF preg- 
nancies with a matched group of patients (with similar 
age distribution, duration and cause of infertility, and 
general obstetric background) who had become preg- 
nant while awaiting IVF treatment. They found that 
the incidence of preterm delivery and low birth weight 
in singleton pregnancies were similar in the first two 
groups, but were both higher than that observed in the 
normal population. 

The increased incidence of placenta previa among 
IVF pregnancies is an interesting observation. We can 
only postulate that this is related to embryo transfer 
technique and placement of the embryos in the lower 
part of the uterus at the time of transfer or to uterine 
contractions induced by the catheter. 

Another interesting feature of our study was the in- 
cidence of breech presentation. It has been suggested" 
that IVF pregnancies have a higher incidence of breech 
presentation that is unrelated to preterm births and 
multiple pregnancy. Our results do not support tnese 
observations. The incidence of singleton term preg- 
nancies with breech presentation was 4%; this was com- 
parable to that observed in the controls, as well as the 
generally accepted incidence in the normal obstetric 
population. 

The majority of babies were born in good condition 
with satisfactory Apgar scores at 1 and 5 minutes. Al- 
most 30% of the babies required special-care baby units; 
this reflects the high incidence of multiple pregrancy 
and is of particular concern because it uses an inordi- 
nate amount of scarce health resources. The sex ratio 
did not differ from unity, which is unlike the excess of 
girls reported after induction of ovulation in infertile 
women with clomiphene citrate while undergoing treat- 
ment with donor insemination. With regard to other 
indexes of perinatal and infant outcome we have found 
that the perinatal mortality rates are largely associated 
with multiparicy, and there is no significantly increased 
incidence of congenital malformations.’ 

Our study suggests that the majority of women who 
conceive as a result of IVF have a satisfactory obstetric 
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performance. The increased risks attendant to IVF 
pregnancies are largely caused by. intrinsic patient fac- 
tors, namely age, history of infertility, and poor ob- 
stetric history. Nevertheless our results suggest that in 
comparison with the normal population IVF pregnan- 
cies have a higher incidence of hypertension and vag- 
inal bleeding requiring hospitalization, a greater like- 
lihood of delivery by cesarean section and, among sin- 
gleton pregnancies, a higher incidence of preterm 
delivery, growth retardation, and placenta previa. 
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Effects of short-term thermal stress on plasma catecholamine 
concentrations and plasma renin activity in pregnant and 


nonpregnant women 


K. Kalevi Vaha-Eskeli, MD,? Risto U. Erkkola, MD; Mika Scheinin, MD, and 


Asko Seppänen, MD‘ 
Turku, Finland 


OBJECTIVE: The puroose of this study was to find out whether the effects of thermal stress on plasma 


catecholamines and plasma renin activity are altered by pregnancy. 


STUDY DESIGN: Nonpregnant (n = 15) and pregnant (13 to 14 weeks, n = 23; 36 to 37 weeks, n = 23) 
healthy women were examined. Samples were taken before the exposure, in the heat chamber (70° C), 


and during the recovery. The BMDP statistical software was used. 


RESULTS: The concentration of epinephrine in plasma increased significantly only in the nonpregnant 
group. The epinephrine concentrations in the pregnancy groups increased most in the subjects who felt 
discomfort during or after the exposure. Plasma norepinephrine concentrations increased without 
significant differences between the groups. Plasma renin activity increased in each group, but the 
increases were significantly lower in the pregnancy groups as compared with the nonpregnant group. 
CONCLUSIONS: Pregnancy does not alter the thermally induced increase in norepinephrine release. The 
adrenaline response is mostly dependent on the mental discomfort. The plasma renin activity response to 
thermal stress is blunted during pregnancy. (Am J Osstet GYNECOL 1992;167:785-9.) 


Key words: Thermal stress, catecholamines, plasma renin activity, pregnancy 


The responses of plasma epinephrine, norepineph- 
rine, and renin activity to thermal stress have been stud- 
ied in nonpregnant subjects, mostly male, and sauna 
and other types of exposure to elevated temperatures 
are known to cause sympathoadrenal activation and 
increased release of renin.’ Information on the re- 
sponses of these hormones to thermal stress during 
pregnancy is lacking. In Finland, traditionally up to 
90% of pregnant women regularly visit the sauna until 
the expected time of delivery,’ and sauna bathing has 
gained popularity in many other countries. The he- 
modynamic situation and its hormonal control are al- 
tered by pregnancy; plasma renin activity, for example, 
is increased.* The catecholamines and the renin-aldo- 
sterone-angiotensin system are of special interest dur- 
ing pregnancy because they are crucial in the control 
of uterine blood flow and uterine contractions. The 
purpose of this study was to find out whether the re- 
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sponsiveness to thermal stress equivalent to the expo- 
sure during ordinary sauna bathing is altered by preg- 
nancy as compared with the nonpregnant state. 


Subjects and methods 


The study population consisted of 47 volunteer sub- 
jects who gave written informed consent. The study 
was approved by the ethical committees of the hospital 
and the university. The subjects are characterized in 
Table I. In the nonpregnant control group seven of 
the subjects were in the preovulatory phase, four in the 
postovulatory phase, and four in the menstrual phase 
of the menstrual cycle. Fourteen of the subjects in 
group 2 were the same as in group 3 and were thus 
examined twice, first in early and then again in late 
pregnancy. All participants were in good health, they 
were nonsmokers, and none received medication, ex- 
cept oral iron supplementation in the pregnancy 
groups. All pregnancies were uneventful. Ultrasonog- 
raphy had been performed at least once during the 
first trimester and was repeated 1 hour before the ther- 
mal stress. All participants were accustomed to sczuna 
bathing in their normal lives. 

All tests were performed at the thermal laboratory 
of the Rehabilitation Research Center of the Social Se- 
curity Institution of Turku. All participants had a light 
breakfast in the morning and had been fasting for 2 
hours before the exposure. All participants had similar 
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Table I. Physical characteristics of the subjects 
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Gestational length 


Group 1 15 —— 
Group 2 23 13.6 (13-14) 
Group 3 23 36.7 (36-37) 


26 (22-30) 166 (150-178) 60 (49-74) 
27 (21-35) 167 (157-170) 60 (48-80) 
28 (21-35) 165 (157-176) 68 (56-100) 





Values are means and ranges. 


diet restrictions. They were requested not to eat salty 
food, fruit, cheese, peanuts, or sweets or to drink cof- 
fee, tea, or chocolate on the morr.ing of the experiment 
day. Ingestion of fluids was not allowed during the 
experiment. The exposures were carried out at abcut 
noon. 

The experiment was started with a 20-minute rest at 
room temperature (21° to 23° C), followed by 20 min- 
utes of thermal stress at 70° C and 15% relative hu- 
midity and ended by a 45-minute recovery period at 
room temperature (21° to 23° C). The temperature of 
the thermal chamber (Iltek OY, Finland, Landis-Gyr, 
Switzerland) could be adjusted with an accuracy of 
+ 1° Cand the humidity with an accuracy of +3%. The 
temperature was constant throughout the chamber, be- 
cause hot air was introduced by laminar flow from bz- 
neath the floor; the velocity of the air flow was 0 1 
m/sec. | 

During the experiment the subjects, who were 
dressed in bikinis, sat in wheelchairs and were not al- 
lowed to move around. 

Ten minutes before the experiment a polyethylene 
cannula was inserted into a forearm vein. Blood sam- 
ples were obtained by careful aspiration through the 
cannula without stasis to a plastic tube with dipotassiurn 
ethylenediametetraacetic acid, chilled in ice, and irm- 
mediately centrifuged at + 4° C and stored at — 70° C 
until analyzed. Samples were taken at the end of the 
resting period 5 minutes before the exposure (the 15- 
minute sample), 10 minutes from zhe beginning of the 
thermal stress (the 30-minute sample), at the end of 
the stress (the 40-minute sample), 20 minutes after the 
stress (the 60-minute sample), and finally 45 minutes 
after the stress (the 85-minute sample). 

Catecholamine determinations were carried out with 
high-performance liquid chromatography with electro- 
chernical detection, with intraassay coefficients of 
variation of about 10% at 0.1 nmol/L and about 2% at 
and above 0.5 nmol/L, and interassay coefficients of 
variation of 3% for norepinepkrine (1.6 nmol/L, 
n = 10) and 10% for epinephrine (0.2 nmol/L, 
n = 10).* 

The plasma renin activity determinations were made 
by radioimmunoassay (Pharmacia Diagnostics AB, Swe- 
den) with an intraassay coefficient of variation 8.9% 
and an interassay coefficient of variation 5.4% at 2.0 to 
3.3 angiotensin I ng/(ml x hr). 


The BMDP statistical software was used. The signif- 
icance of differences identified in the analyses of var- 
iance for repeated measures was further tested with the 
unpaired or paired ¢ test with the Bonferroni correc- 
tion. Linear regression analysis was used to generate 
Pearson’s product-moment correlation coefficients. 
Logarithmic transformations were used if the distri- 
butions were not normal. Because 14 of the subjects in 
group 2 were the same as in group 3, the results of 
these subjects are included in the statistical analyses 
only where they serve as their own controls in com- 
parisons between the two pregnancy groups. The re- 
sults of all subjects are included in mean values and 
comparisons between the different time points within 
the group. 


Results | 

In group 2 six. subjects and in group 3 five subjects 
felt discomfort during the recovery period. Of these 
subjects four in group 2 and three in group 3 wanted 
to interrupt the experiment 15 minutes before the end 
of the recovery period but spent the planned time, 20 
minutes, in the heat chamber. Their results until the 
point of interruption did not differ significantly from 
the others in the respective groups and are included in 
the total results. The number of subjects carrying out 
the entire study, i.e., up until 85 minutes, was thus 19 
in group 2 and 20 in group 3. 

Plasma catecholamines. The results are shown in 
Table II. The preexposure values of neither-of the 
catecholamines differed significantly between the 
groups. Nor were there differences within group 1 be- 
tween the different phases of the menstrual cycle. The 
subjects who felt discomfort (groups 2 and 3) had 
higher plasma epinephrine levels than those who tol- 
erated the stress well; this increase was, however, sta- 
tistically significant only in group 3 at the end of the 
experiment at 85 minutes (p < 0.05). 

The plasma concentration of epinephrine increased 
significantly only in group 1 from 15 to 30 minutes by 
68% íp < 0.001) and from 15 to 60 minutes by 28% 
(p < 0.05). 

Plasma concentration of norepinephrine increased 
significantly by 36% (p < 0.05) in group 1 from 15 to 
40 minutes. In group 2 plasma norepinephrine in- 
creased from 15 to 40 minutes by 24% (p < 0.05) and 
decreased thereafter from 40 to 60 minutes 
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Table II. Plasma epinephrine and norepinephrine concentrations (nanomoles per liter) before thermal 
stress (15 minutes), 10 minutes after beginning of heat administration (30 minutes), at end of stress (40 
minutes), during recovery (60 minutes), and at end of recovery (85 minutes) 





l 
Epinephrine = 0.25 + 0.11 (15) 0.42 = 0.23 15)* 0.36 + 0.21 (15) 0.32 + 0.16 (15) 0.28 + 0.13 (15) 
Norepinephrine 2.35 + 1.04 (15) 2.60 + 0.96 (15) 3.19 + 1.31 (15)F 2.40 + 1.04 (15) 2.17 + 0.52 (15) 
Epinephrine = 0.34 + 0.19 (17) 0.42 + 0.20 (17) 0.45 + 0.21 (17) 0.47 + 0.28 (17) 0.42 + 0.28 (17) 
Epinephrine 5 0.62 + 0.82 (6) 0.70 + 0.56 (6) 0.54 + 0.31 (6) 0.43 + 0.16 (6) 0.37 + 0.68 (2) 
Norepinephrine 2.75 + 0.81 (23) 2.87 + 0.86 (23) 3.40 + 1.02 (23)¢ 2.53 + 0.62 (23) 2.56 + 0.63 (19° 
Epinephrine = 0.20 + 0.07 (18) 0.19 + 0.09 (18) 0.21 40.0908) 0.25 + 0.16 (18) 0.26 + 0.12 (18 
Epinephrine + 0.17 + 0.10 (5) 0.22 + 0.16 (5) 0.76 + 0.83 (5) 0.544 0.51 (5) 0.64 + 0.28 (2) 
Norepinephrine 1.74 + 0.54 (23) 2.38 + 0.71 (23)* 2.81 + 1.04 (23)* 2.18 + 0.71 (23)¢ 2.08 + 0.59 (2014 
Number of subjects is in parentheses. —, No discomfort during or after thermal stress; +, discomfort after thermal stress. 


Values are means + SD. 


*p < 0.001, increase in comparisons within group from prestress level (15 minutes). 
tp < 0.05, increase in comparisons within group from prestress level (15 minutes). 
tp < 0.005, increase in comparisons within group from prestress level (15 minutes). 


(p < 0.001). In group 3 norepinephrine increased 
more rapidly: already by 30 minutes was there an in- 
crease of 37% and by 40 minutes of 61% (p < 0.001); 
norepinephrine remained elevated until the end of the 
experiment. There were no differences between the 
groups in the proportional changes of either of the 
catecholamines. 

Plasma renin activity. Plasma renin activity in- 
creased in all groups (Table III), The starting values 
were highest in the pregnancy groups as compared with 
the nonpregnant group (p < 0.001), but the difference 
between the pregnancy groups was not significant. The 
peak levels were reached at the end of the thermal stress 
in group | (184%, p < 0.001) and in group 2 (61%, 
p < 0.001), whereas in group 3 the peak was reached 
90 minutes after the end of the stress (26%, p < 0.001). 
The values remained elevated in each group until the 
end of the recovery period but were significantly raised 
only in groups | and 2 (p < 0.05). The lower the pre- 
stress values were, the higher the percentage increase 
was at 40 and 60 minutes when all subjects were pooled 
together (r = —0.26, p < 0.001). The percentage in- 
crease was significantly more pronounced in group 1 
as compared with groups 2 and 3 at 40 (p < 0.001) 
and 60 minutes (p < 0.005). In group 2 there was 
also a significantly higher increase in plasma renin ac- 
tivity by 40 minutes as compared with group 3 (p< 
0.005). | 

The absolute prestress norepinephrine and plasma 
renin activity values correlated positively in group 1 
(r = 0.68, p < 0.005) but not in the other groups nor 
during the thermal stress. There was also a positive 
correlation between the percentage changes of plasma 
renin activity and norepinephrine from 15 to 40 min- 


utes in group 1 (r = 0.26, not significant) and a negative 
correlation in groups 2 (r = —0.48, p< 0.05) and 3 
(r = —0.13, not significant). 


| Comment 


The present study is the first to examine the re- 
sponses of plasma catecholamines and plasma renin 
activity to thermal stress during pregnancy as com- 
pared with the nonpregnant state. The thermal stress 
that was used may appear rather moderate. Longer 
duration of the exposure and higher temperatures 
might have caused more pronounced changes in the 
hormones that were studied. However, most of the sub- 
jects informed us that they would not have tolerated 
the stress much longer. | 

Catecholamines. The starting values of the cate- 
cholamines did not differ among the groups. Previous 
reports on the effect of pregnancy on the concentration 
of catecholamines in plasma are controversial. Venous 
plasma levels of norepinephrine and epinephrine have 
been reported to be unchanged during pregnancy.® $ 
According to another study, the venous plasma ror- 
epinephrine level declines toward term,’ whereas ar- 
terial plasma norepinephrine is unchanged.’ In the 
same study epinephrine concentration sank as com- 
pared with the situation post partum. In a longitudinal 
study the levels of both catecholamines were reported 
to decrease with advancing gestation.® 

It has been clearly documented that the concentra- 
tion of norepinephrine in blood and urine increases 
during thermal stress, reflecting increased sympathetic 
nervous activity. The magnitude of the increase de- 
pends on the duration and quality of the exposure; in 
healthy young men staying in sauna until exhaustion 
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Table IXI. Plasma renin activity (nanograms angiotensin I per milliliter x hour) before thermal stress (15 
minutes), 10 minutes after beginning of heat administration (30 minutes), at end of stress (40 minutes), 
during recovery (60 minutes), and at end of recovery (85 minutes) 





Recovery 
] 1.37 + 1.09 (15) 1.69 + 1.54 (8) 3.89 + 3.04 (15)* 2.82 + 2.20 (15)* 2.29 + 1.82 (15)t 
2 4,70 + 1.69 (23) 5.93 + 2.36 (23)f 7.58 + 3.81 (23) 7.20 + 3.91 (23) 6.70 + 3.92 (19)§ 
3 6.72 + 3.51 (23) 6.85 + 2.86 (23) 7.96 + 3.43 (23)f 8.50 + 3.34 (23)* 7.96 + 3.17 (20) 





Number of subjects is in parentheses. Values are means = SD. 


*p < 0.001, increase in comparisons within group from prestress level (15 minutes). 
tp < 0.05, increase in comparisons within group from frestress level (15 minutes). 
tp < 0.005, increase in comparisons within group from prestress level (15 minutes). 
8p < 0.01, increase in comparisons within group from frestress level (15 minutes). 


the plasma norepinephrine concentration increased 
threefold.” The level of plasme norepinephrine re- 
mained elevated for >45 minutes after sauna bath and 
cooling in a swimming pool." 

The reports concerning the:changes in blood coa- 
centrations of epinephrine are conflicting. In mest 
studies the levels in peripheral venous plasma have re- 
mained unchanged or increased slightly during ther- 
mal stress.’ One explanation for the increase in epi- 
‘nephrine levels in some sauna stucies may be that either 
the subjects have not been familiar to sauna bathing” 
or that some other conditions of the experiment have 
raised epinephrine because of nonspecific stress factors. 
The subjects in the present study were regular saura 
bathers. In spite of this, the epineohrine concentration 
increased significantly in nonpregnant subjects who all 
tolerated the stress well. Fear of study procedures such 
as blood sampling may have affected the reaction in 
the nonpregnant and the early pregnancy group. All 
subjects in groups | and 2 participated in the test for 
the first time, whereas 14 of the subjects in group 3 
were already familiar with the experimental setting and 
procedure, which may have influenced the results. The 
starting values of epinephrine in the subjects in group 
2 who later felt discomfort were almost twofold as com- 
pared with the rest of the group. This phenomenon 
was not, however, seen in group 3, where the values 
were almost identical to the end of the stress. 

The subjects sat in a wheelchair during the whole 
experiment to eliminate the effect of change in posture 
on the results, whereas in most previous studies the 
subjects have walked to and from the thermal chamber. 
Plasma norepinephrine increases immediately after 
standing up, although the effect of standing on plasma 
epinephrine is minimal. Thus the rather small in- 
creases in plasma norepinephrine concentration in the 
present study as compared with sauna studies may be 
merely due to differences in study design; our purpose 
was to examine the effects of a pure thermal stress. 


The proportional changes of either norepinephrine 
or epinephrine among the groups were not significantly 
different, in spite of increases in plasma norepineph- 
rine of 61% in group 3 as compared with 24% in group 
1. According to a previous report the arterial plasma 
epinephrine levels are lower during pregnancy as com- 
pared with the nonpregnant state after a cold pressor 
test and tilting, whereas the concentration of plasma 
norepinephrine after isometric hand gripping, cold 
pressor test, and mental stress are unchanged. The vas- 
cular responses to-norepinephrine and epinephrine in- 
fusions are blunted during pregnancy.* The hemody- 
namic reactions to these provocation tests are, however, 
different from thermal stress and comparisons may be 
irrelevant. 

Norepinephrine is known to stimulate and epineph- 
rine to depress uterine activity in pregnant women.” 
As previously reported of the same subjects as in group 
3, only five of 23 of the subjects had mild uterine con- 
tractions.’° 

Infusions of both norepinephrine and epinephrine”® 
decrease uterine and placental blood flow in sheep. 
There is some evidence that the response of the uterine 
vascular bed to adrenergic stimul is blunted during 
pregnancy.’ ” During or after thermal stress there are 
no major disturbances in fetal heart rate reactivity,” 
which could indicate adverse changes'in uteroplacental 
blood flow. No significant changes in either uterine or 
umbilical artery blood flow, measured by Doppler ul- 
trasonography, have been recorded during or after 
thermal stress in conditions similar to the present 
study."® 

Plasma renin activity. Plasma renin activity increases 
early in pregnancy.® The rise is twofold as compared 
with the nonpregnant level by 12 weeks of pregnancy, 
and elevated levels until term* have been reported. In 
another study 13-fold levels at 10 weeks of pregnancy 
have been found.’® Our results on the prestress plasma 
renin activity concentration, a threefold increase in 
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early pregnancy and a fivefold increase in late preg- 
nancy, falls between these reported changes. 

Many stressful situations increase renin secretion, 
e.g., thermal stress.‘ The reason for the increased 
plasma renin activity may be the increased sympathetic 
activity.” This was the case in this study only in group 
1 (not significant) but not in groups 2 or 3. Loss of 
sodium also increases plasma renin activity levels dur- 
ing prolonged thermal stress.” The heat-induced dec- 
rement in renal and perhaps also hepatic blood flow 
may contribute to the rise in plasma renin activity. 
Plasma renin activity may increase 50% in response to 
an upright posture,” but this source of error was elim- 
inated in the present study. The rise of plasma renin 
activity was lowest and most markedly delayed in the 
late pregnancy group (Table III). We can only speculate 
the explanation for this observation. 

Sympathetic activation as measured by norepineph- 
rine concentration did not differ significantly between 
the groups. Renal blood flow, which affects renin re- 
lease, was not measured in the present study. Thus 
proportional] changes affected by thermal stress in glo- 
merular filtration may be different during pregnancy. 

The catecholamine response to thermal stress is char- 
acterized by activation of the sympathetic nervous sys- 
tem and a slight increase in epinephrine concentration. 
This reflects, in part, the effect of mental stress in the 
experimental situation and not pure thermal stress. 
The response of norepinephrine and epinephrine is 
not altered by pregnancy. Plasma renin activity in- 
creases in thermal stress, but perhaps because change 
in posture was restricted in the present study the rise 
was less marked than reported previously. The plasma 
renin activity response is blunted and delayed in late 
pregnancy, but the reason for this remains to be re- 
solved. 


We thank Robert Paul, MD, for revising the manu- 
script. 
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Four ovarian cancers diagnosed during laparoscopic 
management of 1011 women with adnexal masses 


Farr Nezhat, MD, Camran Nezhat, MD; Charles E. Welander, MD," and 


Benedict Benigno, MD? 
Macon and Atlanta, Georgia 


OBJECTIVES: This study was conducted to assess the value of laparoscopic management of adnexal 
masses. Two concerns we wish to address are the failure to diagnose early ovarian cancer at laparoscopy 
and worsening the prognosis of stage | cancer by spilling fluid during surgery. 

STUDY DESIGN: The setting is a predominantly referral-based, private subspecialty practice. All 
operations were prefomerd in the outpatient surgical suite of a large suburban ‘hospital. After extensive 
patient screenings, which included history and physical examination, preoperative serum CA 125 levels 
(since 1988), and pelvic ultrasonography, 1209 adnexal masses were managed laparoscopically. 
RESULTS: Of 1011 patients with surgical management, ovarian cancer was discovered intraoperatively in 


four. 


CONCLUSIONS: Our findings indicate that with consistent use of frozen sections of all cyst walls and 
suspicious tissue, laparoscopic management did not alter the prognosis. Neither CA 125 level, pelvic 
ultrasonography, nor peritoneal cytologic testing had sufficient diagnostic specificity to predict malignancy. 
Experienced surgeons using intraoperative histologic sampling may safely evaluate adnexal mass 


laparoscopically. (AM J OBSTET GYNECOL 1992;167:790-6.) 


Key words: Operative laparoscopy, ovarian cancer, adnexal mass 


Operative laparoscopy has proved to be a safe and 
effective diagnostic and therapeutic tool in the hands 
of experienced laparoscopists. Laparoscopy can be used 
to evaluate an adnexal mass with minimal morbidity. 
Doubts remain, however, about the laparoscopist’s abil- 
ity to diagnose and properly manage early ovarian car- 
cer when the adnexal mass in question is found to be 
malignant.’ Concern about worsening prognosis by 
spillage of a cancer confined to the ovary exists. There- 
fore we wish to report on our experience with four 
cases of ovarian cancer first diagnosed at the time of 
operative laparoscopy, initially performed to evaluate 
an adnexal mass. 


Material and methods 


Our practice is a busy, primarily referral private prac- 
tice working in an outpatient surgical suite of a large 
suburban hospital. Two of the authors (C.N. and F.N.) 
performed all of the operative laparoscopies included 
in this study. From July 1985 to June 1990 we have 
surgically managed 1011 women clinically diagnosed 
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to have an adnexal mass, which in some cases was ac- 
companied by endometriosis and/or adhesions. Ac- 
cording to our protocol, patients were evaluated clin- 
ically with a pelvic examination and vaginal ultraso- 
nography. In addition, previous intraoperative records 
were reviewed. The diagnosis of endometriosis or 
adhesions was based on the patient’s history and pre- 
senting symptoms. Simple (unilocular) cysts were ini- 
tially managed with hormone suppressive therapy con- 
sisting of oral contraceptive pills containing 50 wg of 
estrogen, depot medroxyprogesterone acetate, or dan- 
azol. Since’ 1988, a serum CA 125 level has also been 
measured. Those patients who then underwent oper- 
ative laparoscopy had adnexal masses varying in size 
from 2 to 25 cm. Masses that appeared cystic, complex, 
or solid before operation were included, because en- 
dometriomas, benign cystic teratomas, and intraliga- 
mentous myomas can produce these patterns on ultra- 
sonography. No patients were excluded preoperatively 
on the basis of serum CA 125 levels or ultrasonographic 
findings. One case was excluded from the study early 
in our series because the mass extended above the um- 
bilicus. A total of 1209 masses were managed laparo- 
scopically. 

Informed consent included a statement to the patient 
that laparoscopic diagnosis and treatment of an adnexal 
mass were not considered to be standard medical prac- 
tice. The patients were further informed that if a cancer 
were found, intraoperative cancer cell spillage could 
occur and possibly influence the chance of survival. In 
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addition, the patients understood that a second surgery, 
specifically a laparotomy, might be required if the find- 
ings at laparoscopy could not be properly managed 
without laparotomy. All procedures were performed at 
an outpatient facility with patients under general en- 
dotracheal anesthesia and with multipuncture opera- 
tive laparoscopy. This technique has been described 
before.** For the past 2 years we have been using the 
Ultrapulse 5000L (Coherent, Palo Alto, Calif.), which 
utilizes carbon 13 rather than carbon 12. By use of a 
different carbon isotope, the laser beam stays focused 
as the power is increased. This in turn significantly 
reduces the power loss associated with other carbon 
dioxide lasers. Intraoperative management of all pa- 
tients with masses was carefully standardized, including 
inspection of the pelvis, ovaries, upper abdomen, and 
diaphragmatic surfaces for any growths or other sign 
of malignancy. Peritoneal washings were obtained for 
cytologic testing. If a strong suspicion of malignancy 
based on intraoperative findings existed, an attempt 
was made to obtain frozen section biopsy specimens 
without rupturing the cyst. If that was not possible, the 
laparoscopic procedure was terminated, and the patient 
underwent laparotomy. 

In addition to the four cases described here, four 
additional patients required laparotomy on the basis of 
the appearance of lesions at laparoscopy. Three were 
suspicious large ovarian cysts, which could not be sam- 
pled without rupture (one benign cystic teratoma, one 
mesothelioma, and one case with bilateral lesions—~a 
serous cystadenoma on the right side and a benign 
cystic teratoma on the left side). The fourth patient had 
a large degenerated myoma that appeared highly sus- 
picious. Laparotomy was done and revealed a benign 
myoma. 

The management of a cystic mass itself incuded as- 
piration of the fluid, which was sent for cytologic ex- 
amination, followed by opening the cyst and inspecting 
the wall for excrescences or irregular thickening. Fro- 
zen-section biopsy specimens were obtained if the sur- 
geon thought any surfaces were suspicious. Finally, an 
ovarian cystectomy“ or oophorectomy? (depending 
on the patient’s age and pertinent clinical history) was 
performed. This tissue was sent for permanent-section 
histologic examination. Tissue was removed from the 
abdominal cavity through the 5 or 10 mm trocar sleeves, 
through a posterior colpotomy, or in some cases by use 
of a small extension of the suprapubic abdominal in- 
cision. At times, we inserted a No. 8 surgical glove in 
the abdomen via the laparoscopic trocar as a bag for 
specimen removal. More recently, an Endopouch (Eth- 
icon) has been used rather than a surgical glove. Co- 
pious amounts of irrigation were used to clean the in- 
cision. 

After the cyst was removed, the abdominal and pelvic 
cavities were thoroughly washed with copious amounts 
of irrigation, especially in cases of dermoid cysts or 
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mucinous cystadenomas. It is imperative that the entire 
cyst and its contents be removed from the pelvic and 
abdominal cavity. 

Before the procedure was terminated, any associated 
pelvic abnormality such as endometriosis or other adhe- 
sions was treated, and hemostasis was assured. No med- 
ical adjuvant therapies were used at the end of each 
procedure other than leaving 400 to 506 ml of lactated 
Ringer’s solution in the pelvic cavity. At 6 weeks and 
at 6 months after operation, patients with benign ovar- 
ian neoplasms (mucinous or serous cystadenomas or 
cystic teratomas) underwent follow-up with a bimanual 
pelvic examination and an ultrasonographic examina- 
tion for possible recurrence. 

Case summaries of four patients with ovarian cancer 
are presented here. 


Case reports 


Case 1. A 44-year-old woman, gravida 3, para 3-0- 
0-3, presented with pelvic pain. A 7 cm mass with cystic 
and solid components was diagnosed by ultrasonog- 
raphy. The patient wished to avoid laparotomy, if pos- 
sible. Laparoscopy revealed bilateral ovarian masses 
with numerous pelvic adhesions. A biopsy was per- 
formed of the papillary growth found on the right ovar- 
lan surface. When frozen section revealed poorly dif- 
ferentiated adenocarcinoma and further laparoscopic 
evaluation demonstrated intraabdominal spread of dis- 
ease, the procedure was terminated. The patient was 
informed of the findings and agreed to total abdominal 
hysterectomy, bilateral salpingo-oophorectomy, and 
staging laparotomy performed by a gynecologic on- 
cologist 3 days later. The final surgical staging was IHC, 
poorly differentiated serous cystadenocarcinoma in- 
volving both ovaries, with extension to the pelvic wall, 
omentum, and uterine serosa. Cytologic examination 
of fluid taken at laparoscopy was negative for tumor 
cells, but fluid obtained at laparotomy was positive for 
tumor cells. The patient underwent three cycles of che- 
motherapy and refused further treatment. She died of 
intestinal obstruction 2 years and 5 months after the 
diagnosis of cancer. 

Case 2. A 45-year-old woman, gravida 0, presented 
with pelvic pain and a desire to achieve pregnancy. She 
had a history of endometriosis diagnosed by laparos- 
copy 4 years earlier and had been treated briefly with 
danazol. The findings at our laparoscopy were multiple 
myomas, stage IJV endometriosis (revised American 
Fertility Society classification), and bilateral ovarian 
cysts. The right ovary contained a 5 cm cyst and the 
left ovary contained a 3 cm cyst, both of which were 
aspirated and contained “chocolate” material. Both cyst 
walls and part of the right ovary were removed. The 
pathology report revealed a hemorrhagic corpus lu- 
teum on the right and endometrioid adenocarcinoma 
without stromal invasion (endometrioid low malignant 
potential tumor) on the left. The patient underwent a 
total abdominal hysterectomy, bilateral salpingo-oo- 
phorectomy, and staging laparotomy 3 weeks later, with 
the pathology report stating there was no residual tu- 
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Table I. Outcome of 1011 operative laparoscopies in women with adnexal mass 






Patients 


Type of lesion 





Ovarian cancer 4 0.4 
Endometrioma 457 45.2 
Functional cyst 358 35.5 
. Benign cystic teratoma 35 3.4 
Mucinous cystadenoma 12 Tal 
Serous cystadenoma 17 1.6 
Hydrosalpinx 26 29 
Leiomyoma 16 r5 
Paratubal and parao- 39 3.8 
varian cyst 
Ovarian remnant 10 . 0.9 
Miscellaneous 37 3.6 


mor. She is without evidence of recurrence >3 years 
later. 


with a large adnexal mass for which she refused lap- 


arótomy. In 1983 she was found to have a left ovarian 
endometrioma at laparotomy. In 1985 a laparoscopy: 


revealed persistent extensive endometriosis. In 1987 we 


performed operative laparoscopy and found stage IV . 
endometriosis, including an 8 cm right ovarian mass,” 


consistent with an endometrioma. The cyst was aspi- 
rated and “chocolate” material obtained; the cyst wall 
was removed and the ovary was saved. The pathology 
report revealed benign mucinous cystadenoma. In 
1988 the patient presented with pain but continued to 
have a strong desire to preserve the pelvic organs. Re- 
peat laparoscopy revealed a 4 cm right ovarian cyst, 
diagnosed as an endometrioma bv frozen section and 
permanent histologic examination. In 1989 a right ad- 
nexal mass recurred, extending to the umbilicus, with 
cystic and solid components. When the patient refused 
laparotomy, an open laparoscopy was performed. Two 


cysts were noted on the.right ovary. Frozen section of © 


the larger cyst revealed an endometrioma. A smaller 


cyst on the right ovary was a benign mucinous cyst- 
adenoma.: Cytologic examination of peritoneal wash-. 


ings gave negative results. The left ovary could not be 
visualized because of dense adhesions. The procedure 
was terminated, and total abdominal hysterectomy and 
bilateral salpingo-oophorectomy were suggested be- 
cause of a recurring benign mucinous tumor on-the 
right ovary and the inability to visualize the. left 
` adnexa. 
-The patient eee toa laparotomy but chose to delay 
-it for 2 months. A papillary mucinous cystadenocarci- 
noma, well differentiated, stage IIA (with extension to 
the right tube), and extensive pelvic adhesions were 
found. Peritoneal cytologic testing was not diagnostic, 
but the fluid contained atypical cells. She has under- 
gone several courses of chemotherapy, a second-look 
laparotomy, and debulking, followed by five more 
courses of:chemotherapy. She is do: ng well 16 months 
after the laparotomy. 

Case 4. A 33-year-old woman, wanes 0, presented 


.with a 5 to 6 cm mass that failed to resolve with danazol.. ` 


‘Case 3. A 43-year-old woman, gravida 0, presented 















Age of 
patients Bilateral 
(yr, range) Size (cm) (No.) 


33-44 2-13 l 
16-54 2-25 152 
11-47 2-12 27 
17-44 2-14 6 
31-35 2-13 0 
33-40 3-15 0 
26-45 3-12 2 
33-50 5-8 0 
22-45 2-8. 0 
25-40 2-5 0 
22-45 TET -2-17 0 


A previous laparoscopy in 1985 revealed enclometri- 
osis. During that laparoscopic examination, minimal 
bladder and left ovarian endometriosis was found. At 
the current laparoscopy biopsy of a 2 cm left ovarian 
cyst was performed, and the cyst was found to be fol- 
licular. On the right, a 6 cm cystic structure was noted 
to be’ translucent, without surface excrescences. The 
cyst was aspirated and clear yellow fluid was obtained. 
The cyst was then opened and found to have papillary 
growths on the inside surface. Two frozen sections re- 
vealed necrotic tissue with atypical glands. The frozen- 
section report left some doubt about the diagnosis; 

therefore a right salpingo-oophorectomy was per- 
formed ‘through the laparoscope. In addition, biopsies 
of the peritoneum and omentum were performed, arid 
an appendectomy, retroperitoneal, paraaortic, and pel- 
vic node evaluation were carried out because of our 
uncertainty regarding the pathologic classification of 
the lesions. Permanent sections revealed moderately 
differentiated clear cell carcinoma of the ovary, with 
no extension to the tube, omentum, or appendix. Re- 
sults of peritoneal cytologic testing were negative. 
Three weeks later the patient underwent a total ab- 
dominal hysterectomy, left salpingo-oophorectomy, 
and staging laparotomy. The pathologic report of the 
remaining pelvic organs and omentum stated that they 
were free of any residual tumor. Biopsy specimens of 
peritoneal thickenings revealed fibrosis, connective tis- 
sue, and endometriosis. Peritoneal fluid contained 
atypical cells, of the reactive mesothelial type in origin. 
The patient remains well 1 year after surgery.. 


. Results 


From July 1985 until June 1990, 1011 operative lap- 
arosccpies were performed on patients with adnexal 
masses measuring from 2 to 25 cm. No major intra- 
operative complications’ were noted. All procedures 
were carried out endoscopically except for the inten- 
tional laparotomies mentioned. Minor complications 
included laceration of the inferior epigastric artery, 
postoperative nausea and vomiting, shoulder pain, in- 
cisional ecchymosis, urinary tract infection, and tem- 
porary urine retention. All women were discharged 


Volume 157 
Number 3 


Ovarian cancer 783 


Table II. Findings in cases of ovarian cancer at laparoscopy. 
















Case 1: Serous 
cystadeno-carcinoma 


Age of patient 44 
(yr) 

Stage IIC 

Tumor size (cm) T 


Serum CA 125 — 
level (U/ml) 
Ultrasonographic 

finding 


Semicystic 


Case 2: Endometrioid 
low malignant’ 
potential tumor 







Case 3: Papillary 
MUCINOUS 
cystadeno-carcinoma 


Case 4: Clear 
cell carcinoma 





45 | 4800 33 

I IIA I 

3 13 6 

7 17 2 
Cystic Semicystic Semicystic 


Table ITI. Peritoneal cytologic results at laparoscopy and laparotomy in four cases of ovarian cancer 


Cytologic results i 
At laparoscopy Negative 
At laparotomy Positive 


from the hospital within 24 hours of surgery. No re- 
currence has been noted during follow-up pelvic and 
ultrasonographic evaluation in patients with organic 
cysts (excluding endometriomas) except in case 3. Ovar- 
ian cancer, including one case of borderline adenocar- 
cinoma, accounted for 0.4% of the cases. Table I sum- 
marizes our findings of the 1011 patients who under- 
went follow-up. In Table II the four cases of cancer 
are analyzed for characteristics to determine whether 
any could be used to predict an increased probability 
of malignancy in advance. In Table III the cytologic 
results of the peritoneal washings taken at laparoscopy 
are compared with those taken at laparotomy in the 
four patients who had ovarian cancer. Frozen-section 
histologic examination and permanent section patho- 
logic diagnoses were the only reliable indicators; pa- 
tient’s age, cyst size, serum CA 125 levels, ultrasono- 
graphic findings, and peritoneal cytologic results at lap- 
aroscopy did not distinguish these patients from the 
others in our series. l 

A total of 734 patients had CA 125 levels determined 
before’ the laparoscopic procedures (Table IV). Cor- 
_ relations of the preoperative CA 125 level with the type, 
size, and ultrasonographic characteristics of the ad- 
nexal cyst are recorded. 

The majority of functional cysts clinically appeared 
_ to be endometriomas; however, this suspicion was not 
confirmed by pathologic examination. Thirty-seven pa- 
tients had other pelvic abnormalities, including peri- 
toneal cysts, one bowel cyst, loops of adherent bowel 
simulating a mass, and an abdominal wail hematoma 8 
weeks after a Marshall-Marchetti-Krantz bladder sus- 
pension procedure. In one patient, in spite of pelvic 


Case 


Not sent 
Negative 


Negative 
Atypical 


Negative 
Atypical 


and ultrasonographic evidence of a 7 cm right cystic 
adnexal mass, no abnormality was found. 


Comment 


Can an adnexal mass be safely evaluated and treated 
with operative laparoscopy? Different authors have re- 
ported their experience in the laparoscopic manage- 
ment of ovarian cysts.>”* The patients included here 
represent a referral bias, in that the Fertility and En- 
doscopy Center in Atlanta has a predominance of re- 
ferrals for benign conditions (frequently endometrio- 
sis), usually involving a premenopausal age group. 

Of the four patients in whom ovarian cancer was 
found, we can make some important observations. The 
first case represents disseminated disease (surgical stage 
IIIC ovarian cancer). Finding the cancer was not cif- 
ficult, considering the extent to which the tumor had 
spread. 

The other three patients are of more particular in- 
terest, in that each one had a previous surgical diagnasis 
of endometriosis, either by laparotomy or by operative 
laparoscopy. Conditions such as endometriosis, which 
so frequently become a chronic problem, could cause 
the surgeon to be less thorough in evaluating a patient’s 
pelvic findings than he/she should be. A high index of 
suspicion must always be maintained, with adherence 
to a protocol that emphasizes cytologic sampling and 
tissue biopsies. Even a documented history of endo- 
metriosis does not rule out the possibility of new prob- 
lems. Case 2 illustrates the necessity for removing an 
entire cystic capsule to find the early carcinoma. Czses 
2 and 4 emphasize the importance of tissue biopsies 
from any area that appears abnormal to the surgeon. 
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Table IV. CA 125 levels correlated with type of adnexal cyst 








CA 125 level 
(Ulin) 


Size 
No. of of cyst 
` patients Cyst type (cm) 
360 Endometrioma 162 2-5 16-54 <2-219 
179 5-10 2-195 
19 10-25 R-2937 
219 Functional 172 2-5 11-47 <2-135 
i 45 5-10 <2-53 
2 10-12 6 
34 Simple 13 2-5 23-47 E-76 
19 5-10 £-195 
2 10-12 — 
30 Dermoid 16 2-5 17-44 <E-9 
2 5-10 F9 
2 10-14 12 
17 Serous 8 2-5 33-40 14-47 
7 5-10 1C-42 
2 10-15 l 47-51 
edd Mucinous 4 2-5 31-35 <5 
5 5-10 <5-50 
2 10-25 9-11 
17 Hydrosalpinges 16 5-10 26-45 «535 
1 10-12 <5 
46 Miscellaneous 30 2-5 22-45 < 5-135 
. 15 5-10 <5-10 
1 10-17 36 


U ae characteristics of cysts 


Renge | Mean a | No. | Iana EJ No. % 


45.7 123 68.9 22 22.7 14 70 3 0.8 
28.7 H5 54 10 — 
48.2 10 6 3 - 
15.7 98 58.0 40 25.] 6 O° “2B TB. 
11.2 28 14 2 ] 
6.0 l l — — 
7.0 10 765 — 8.8 — 5.9 3 8.8 
SLS 14 3 2 — 
= 9 = = = 
7.0 7 43.3 7 36.7 L «13.3 l 6.7 
14.9 6 3 2 l 
I20. = l l = 
30.5 7 82.4 — 5.9 ~~ 5.9 l 5.9 
23.1 6 ] — — 
49.0 l — l =- 
<5.0 2 54.5 2 455 —- — — — 
10.6 2 3 — = 
10.0 2 - — = 
12.8 6 41.2 8 47.1 — — 2 IFS 
<5.0 Í ~ — — 
27.4 19 67.4 2 6.5 — 4.3 9 21.7 
5.5 l1 l 2 l 
36.0 l — — — 





Without careful intraoperative evaluation, errors could 
be made by missing significantly abnormal areas. These 
cases illustrate a “worst case” scenario, where an un- 
suspected malignancy is confined to the ovary and spil- 
age could have occurred at surgery. The absence of any 
tumor cells by peritoneal cytologic testing or extensive 
histologic testing at subsequent surgery 3 weeks later 
is notable. 7 l 

Case 3 is probably the most tvpical, as well as the 
‘most frustrating: This patient had one previous pelvic 
laparotomy and three previous laparoscopies, all for 
endometriosis. In 1987 a benign mucinous cystade- 
noma was found as part of an 8 cm right ovarian mass. 
In 1989 she had a recurrent cyst on the right ovary, 
which again was a benign mucinous tumor. Because of 
the recurrence and/or persistence of this benign tumor, 
laparotomy was recommended. A well-differentiated 
mucinous cystadenocarcinoma was found. In light cf 
this patient’s age and the recurrert nature of the mass, 
major surgery would be an appropriate management 
option. We do not recommend major surgery to remove 
the adnexa and/or uterus for each patient with a benign 
serous Or mucinous ovarian cyst; however, if such le- 
sions do persist and/or recur, then radical extirpative 
adnexal surgery may be advised.° 

The value of cytologic washings from the peritoneal 
cavity remains unclear, especially in cases of early stage 
disease. Patient ],.who had disseminated stage HI ovar- 
ian cancer, had negative washings at laparoscopy, a:- 
though positive washings were found at subsequent lag- 
arotomy. None of the other three patients with cancer 


had clearly positive cytologic results from the peritoneal 
cavity. The primary malignancy’s size and location may 
explain the absence of exfoliated malignant cells in the 
peritoneal cavity in these three patients. Other authors 
have reported 20% to 30% positive cytologic findings 
in peritoneal cavity washings taken with the laparo- 
scope.*'' With only four of 1011 patients in this series 
exhibiting malignant cells, we cannot make any general 
statements about the place of cytologic washings, except 
to report that our group continues to routinely take 
such cytologic samples. | 

The use of CA 125 levels as a preoperative screening 
test has not been specific enough to detect the presence 
of ovarian cancer (Table IV). In all cases of ovarian 
cancer in which CA 125 levels were determined, normal 
levels were detected. Patients having endometriosis or 
benign serous cystadenomas tended to have slightly el- 
evated CA 125 levels. The size of the adnexal mass was 
only occasionally correlated with the actual CA 125 
level. Characteristics of the mass (e.g., solid, cystic, etc.) 
did not correlate with CA 125 levels. The patients in 
this series were premenopausal, an age group in which 
it is most difficult to establish an adequate specificity of 
CA 125 in the detection of ovarian cancer. In contrast, 
postmenopausal patients have an increased diagnostic 
specificity of CA 125.” 

Parker and Berek® conducted a pilot study in which 
25 postmenopausal women with adnexal masses 
<19 cm underwent operative laparoscopy. Preopera- ` 
tive screening included the use of strict ultrasono- 
graphic criteria,’ and the serum CA 125 level (<35 
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U/ml) was used to rule out any possibility of 
malignancy. Intraoperative evaluation did not show 
any malignancy. However, it is not clear what num- 
ber of patients were excluded preoperatively, on the 
basis of this screening, who indeed had benign dis- 
ease and were not given the benefit of operative 
laparoscopy. 

During the laparoscopic management of cystic 
masses in 48] women, Mage et al.’ claim to have been 
able to diagnose nine borderline tumors and ovarian 
cancers with 100% sensitivity. Seven were diagnosed 
visually and two required incision and examination of 
the internal cyst wall. However, this diagnosis was based 
on visualization without biopsy, and their false-positive 
rate for malignancy was quite high (52.6%). In our 
opinion, on the basis of extensive experience, all ad- 
nexal masses can first be explored laparoscopically, un- 
less they are preoperatively shown to be cancer. Then, 
depending on the surgeon’s knowledge and skill, the 
mass can be managed laparoscopically or by laparotomy 
(through an appropriate transverse or vertical incision) 
without compromising the outcome of the procedure. 
It is our belief that even cases of early stage ovarian 
cancer can be managed laparoscopically if the operator 
is able to perform complicated procedures such as la- 
paroscopically assisted vaginal hysterectomy and para- 
aortic and pelvic node dissection." 1“ 

The risk of spillage during removal of a tumor, as in 
cases 2 and 4, is important at either laparotomy or 
laparoscopy. Whether spillage of tumor cells at lapa- 
rotomy or laparoscopy influences the ultimate patient 
survival is unknown. '* '® Every attempt should be made 
to avoid spillage. Copious irrigation and washing of the 
abdominal and pelvic cavity with liters of lactated Ring- 
er’s solution should be performed in cases of spillage. 
With dermoid cysts. >10 L may be required to cleanse 
the cavity of the cyst contents. Commercially available 
laparoscopic bags (Endopouch, Ethicon) can be used to 
contain and remove the cyst completely from the ab- 
dominal cavity. It has been reported that a tumor was 
found at a trocar puncture site as early as 3 weeks after 
laparoscopic biopsy.'” °° Such cases are likely ones in 
which the tumor was already disseminated before lap- 
aroscopy. Similar findings can be noted when tumor 
nodules grow along a catheter track after paracentesis 
for drainage of malignant ascites. 

Our experience with 1011 patients evaluated and 
treated by operative laparoscopy reveals that 99.6% of 
the patients in our referral group with a known adnexal 
mass were found to have benign disease. This does not 
imply that the risk of finding cancer is so low as to be 
of no concern. Successful identification of cancer and 
referral to a gynecologic oncologist for treatment are 
possible when operative laparoscopy is used. New stan- 
dards of medical care must evolve as available tech- 
nology improves. 

Obtaining necessary cytologic and histologic speci- 
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mens is possible through the laparoscope when it is used 
by someone with proper training and experience. In 
our experience CA 125 levels, pelvic ultrasonographic, 
and peritoneal cytologic results alone have not had suf- 
ficient diagnostic specificity to adequately predict ma- 
lignancy. Generous biopsy specimens must be obtained 
in all cases, including the most benign-appearing cysts. 
The laparoscopic surgeon must be competent to re- 
move cyst walls and tumors through the laparoscope. 
We concur with others that simple aspiration of an ovar- 
ian cyst at laparoscopy is inadequate therapy. In those 
cases where tissue cannot be obtained or doubt exists 
about the possibility of cancer, operative laparoscopy is 
contraindicated and plans should be made for conven- 
tional laparotomy. For cases in which cancer has been 
encountered, a gynecologic oncologist can then be con- 
sulted for further management. Maintaining a high 
index of suspicion and obtaining generous tissue sam- 
ples during all laparoscopic procedures will ensure the 
timely discovery and management of early, unsus- 
pected ovarian cancers." 

Finally, it must be emphasized that there is no tech- 
nologic substitute for sound clinical judgment. Sur- 
geons should select the procedure or technique that 
they are most competent to perform. Operative lapa- 
roscopy is an excellent alternative to laparotomy. The 
surgeon’s eyes are within millimeters to centimeters 
from the tissue (via the videoscope), so the operative 
field is well magnified. This allows the most tedious 
procedures to be performed microsurgically. However, 
the surgeon must be properly trained, then increase 
his skill level gradually to ensure that this method is 
used effectively and safely, without needless compli- 
cations. Video endoscopic procedures lack the three- 
dimensional perspective present with laparotomy. Suc- 
cessful utilization of videolaparoscopy requires that the 
previously trained surgeon relearn his operating skills. 


The time necessary to acquire the ability to perform 


advanced operative laparoscopy is typically at least as 
long as that for laparotomy. A lack of training or in- 
experience will be revealed by an unacceptable com- 
plication rate. This will impede the advancement of 
therapeutic laparoscopy, as did the problems and in- 
juries that occurred during the use of the electroco- 
agulator for tubal ligation. However, future genera- 
tions of surgeons can be taught the technique of op- 
erative videolaparoscopy without ever having to learn 
laparotomy. 

By combining careful patient selection with adequate 
physician training and experience, we believe that tkis 
new technology of operative laparoscopy can be safely 
extended to the evaluation of many adnexal masses. 
Risks of failure to diagnose cancer or improper man- 
agement should thereby be minimized. 

We gratefully acknowledge the editorial assistance of 


John P. Curtin, MD, Memorial Sloan-Kettering Cancer 
Center, New York, N.Y. 
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The effects of nifedipine on pregnancy outcome and 
morphology of the placenta, uterus, and cervix during late 
pregnancy in the rat 


Joann Richichi, DO, and Peter Vasilenko, PhD 
Camden, New Jersey i 


OBJECTIVE: Although the calcium antagonist nifedipine has been reported to'suppress preterm labor, 
little is Known of the effects of long-term nifedipine use in late pregnancy. In this study the effects of 
nifedipine on pregnancy outcome and the morphologic features of the reproductive tract in the 
late-pregnant rat were investigated. 

STUDY DESIGN: From days 14 to 21 of gestation pregnant rats were administered three or 30 times the 
maximum human dose of nifedipine reported to suppress preterm labor. Analysis was performed on day 21. 
RESULTS: Biood vessel dilatation, increased vascularization of the uterus and placenta, and trophoblast 
hypertrophy were seen in bot nifedipine-treated groups. Placental weight was increased in the 
higher-dose group, but neither dose of nifedipine resulted in any change of fetal survival or malformations. 
Pup weight was not different from that of controls in the lower-dose group but was significantly reduced 
(p < 0.001) with the higher dose. Histologic changes in uterine musculature and cervical conagen were 
consistent with the inhibitory effects of nifedipine on uterine contractions. 

CONCLUSION: The results suggest that, in addition to tocolysis, nifedipine can cause vascular dilatation 
in both the uterus and the placenta. The use of nifedipine within the normal dose range does not appear to 
adversely affect fetal outcome and may potentially improve fetal outcome in some disorders of pregnancy. 


(Am J OBSTET GYNECOL 1992;167:797-803.) 
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Nifedipine is a potent calcium ion antagonist and 
slow channel blocker. It selectively inhibits calcium 
transmembrane ion influx across the cell membrane of 
cardiac and vascular smooth muscle, thus inhibiting 
smooth muscle contractions, "? without changing serum 
calcium concentration.** At present, nifedipine is one 
of the most potent calcium channel blockers available 
and has been approved by the Food and Drug Admin- 
istration for vasospastic and chronic stable angina and 
paroxysmal superventricular tachycardia.® In addition 
to having these cardiovascular effects, nifedipine also 
has been reported to suppress preterm labor,'* 7° and 
the usefulness of nifedipine in hypertensive and pre- 
eclamptic disorders of pregnancy is also well docu- 
mented.'™! An efficacy in suppressing dysmenorrhea 
has also been reported.’ ° 
Currently, the B-sympathomimetic amines are the 
most effective pharmacologic agent available for the 
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inhibition of uterine contractions tn labor, but it is well 
known that even administration of therapeutic doses 1s 
associated with significant cardiovascular and metabolic 
side effects, including tachycardia, hypertension, pul- 
monary edema, electrolyte abnormalities, and hyper- 
glycemia.’ Thus the search for a safer and more ef- 
fective agent continues. Nifedipine may be a promising 
alternative to previously used tocolytics, ‘especially i in 
diabetic and hypertensive populations. 

Nifedipine prolongs gestation and maintains fezal 
survival in utero,’ but there is some evidence of tera- 
togenicity in rats with doses 30 times the maximum 
recommended human dose. The drug also proved to 
be embryotoxic in these studies, resulting in increased 
fetal resorption, decreased fetal weight, and decreased 
neonatal survival in rats, mice, and rabbits and causing 
a decrease in placental weights. Another study re- 
ported decreasing maternal survival with increasing 
dosages and a prolongation of rat gestation with in- 


_ creasing fetal survival regardless of dose.” The reascn 


for the maternal deaths was believed to be a result of 
over relaxant effects of the drug on vascular smooth 


' muscle and an underperfusion of vital organs. In mon- 


keys given two thirds and two times the maximum rec- 
ommended human dose, the placental weights were 
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Fig. 1. Maternal weight gain during gestation in control rats and rats treated with low dose 
(3 mg/kg) or high dose (30 mg/kg) of nifedipine on days 14 to 21 of gestation (left panel). Right 
panel illustrates same data expressed as percentage change from day 10. Each point represents 


mean + SEM. 


decreased and underdeveloped chorionic villi were 
noted.® In addition, others have reported that the drug 
can cause a facial Hush in pregnant women within 15 
minutes and an increase in maternal heart rate of 16 
to 25 beats/min.’ No other significant side effects have 
thus far been noted. 

Nifedipine has not been approved by the Food and 
Drug Administration for use in preterm labor and hy- 
pertensive disorders of pregnancy, but because no 
agent has been consistently successful as a tocolytic, this 
drug still holds promise for future use. The current 
study investigated the effects of nifedipine on preg- 
nancy outcome and reproductive tract morphologic 
features in the late-pregnant ra:. The results suggest 
that nifedipine may prove to be a safe and effective 
tocolytic agent and may be efficacious in altering pla- 
cental morphologic features accompanying hyperten- 
sive disorders. 


Material and methods 


Rats used in this experiment were virgin Sprague- 
Dawley females bred and housed in a controlled en- 
vironment with a lighting schedule of 12 hours light 
and 12 hours dark. The protocol was approved by the 
Institutional Animal Care and Use Committee of the 
University of Medicine and Deritistry of New Jersey 





School of Osteopathic Medicine. The starting weights 


of the rats were approximately 280 gm. Female rats 
were placed with male rats of established fertility, and 
pregnancy was confirmed by the presence of sperm in 


the vaginal lavage (day 1). Twenty-one rats were ran- 
domized into three groups on day 10 of pregnancy. 

The nifedipine preparation used in this study was 
provided by Pfizer, Inc. The contents of 10 mg capsules 
were diluted with corn oil and administered orally by 
gavage in doses of 3 or 30 mg/kg per day in 5 ml 
aliquots daily on days 14 to 20 of gestation. Control 
animals received corn oil alone. 

Rats were weighed each morning before treatment 
and during gestation and killed by decapitation on day 
21 of gestation. The uteri were removed, and the fe- 
tuses and placentas were cleaned of membranes and 
weighed and examined for gross anomalies. The in- 
dividual pup weights were recorded and the mean for 
each treatment group calculated. The resorption sites 
and necrotic fetuses were counted individually and re- 
corded. The cervices were separated from the uterus 
and both tissues, along with four placentas (two largest 
and two smallest) from each animal, were fixed in 10% 
formalin and embedded in paraffin. Sections of 4 wm 
were cut and stained for histologic analysis. Uterus and 
placentas were stained with hematoxylin and eosin, 
whereas cervices were stained with Masson trichrome 
stain to highlight the collagen framework. Statistical 
differences were determined by the Student ¢ test at 
the probability levels noted. 


Results 


Maternal weight gain in rats receiving the lower dose 
of nifedipine (3 mg/kg) was not significantly different 
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Fig. 3. Placental morphologic features in control rats (1) and rats treated with nifedipine 30 mg/kg 
(2). 3 and 4, Higher magnifications of control and treated placentas, respectively. Note thickening 
of trophoblastic cells in labyrinth region with nifedipine treatment (2, 4). (Hematoxylin and eosin. 
l and 2, Original magnification x 50. 3 and 4, Original magnification X 200.) 
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Fig. 4. Placental sections from control rats (1) and rats treated with nifedipine 30 mg/kg (2) illus- 
traung increased vascularization with nifedipine treatment. Note increased vascularization and di- 
latation of blood sinusoids (arrows) in spongiosa region of nifedipine-treated tissue. (Hematoxylin 


and eosin. Original magnification X 28.) 


from that of controls (Fig. 1). Weight gain profile in 
rats treated with the higher dose of nifedipine was sig- 
nificantly lower (p < 0.05) than that of either the lower- 
dose group or the controls. Because the rats in the high- 
dose group by chance exhibited a 5% lower body weight 
on day 10, the weights were expressed in percentages 
of change from day 10 values. The significant differ- 
ence in weight gain became evident on day 15 of preg- 
nancy, | day after the initiation of nifedipine treatment, 
and continued to be significantly lower than the control 
and low-dose groups for the remainder of the preg- 
nancy. Net maternal weight gain (excluding pup, pla- 
cental, and uterine weights) was equal among all 
groups. The high-dose group also exhibited slightly 
smaller litter sizes (n = 11, p < 0.05) as compared with 
controls (n = 13) and the low-dose group (n = 14) on 
day 21. The high-dose group also exhibited uterine 
weights that were 20% lower than those of the controls 
or the low-dose group. Low-dose treated animals and 
controls exhibited no significant differences in either 
uterine weight or litter size. Neither the low-dose nor 
the high-dose group exhibited any differences in the 
number of fetal resorptions (fetal loss) or gross anom- 
alies as compared with controls on day 21. In fact, the 
number of resorptions or necrotic fetuses was very low 
in all groups and representative only of the normal 
numbers seen in normal control populations in our rat 
colony. 

Mean pup weights and placental weights were not 


significantly different in the low-dose treated animals 
as compared with controls (Fig. 2). However, pup 
weight was significantly lower in the higher-dose group 
(p < 0.001), whereas the placenta weights in this group 
were significantly higher (p < 0.001). 

Histologic analysis of placental tissue illustrated the 
effects of nifedipine in the labyrinth region of the pla- 
centa, including an increase in trophoblastic tissue pro- 
liferation and hypertrophy (Fig. 3). In addition, there 
was an obvious increase in both vascularization and 
dilation of blood sinusoids in the spongiosa region of 
nifedipine-treated tissue (Fig. 4). These effects were 
observed with both the lower and higher doses of ni- 
fedipine, although they were markedly more pro- 
nounced in animals treated with the higher dose. 

On day 21 of pregnancy, the uterus is stretched to 
accommodate the growing conceptuses. Once the con- 
ceptuses are removed, the uterine walls contract to de- 
crease the diameter of the uterine horns. The uterus 
of control animals exhibited highly organized bands of 
smooth muscle in a wavelike pattern, apparently be- 
cause of muscle contraction of the previously stretched 
uterus (Fig. 5). In contrast, uteri exposed to both lower 
and higher doses of nifedipine had less organized 
smooth muscle layers and did not appear to be in the 
contracted state after dissection. Additionally, nifedi- 
pine-treated uteri exhibited greatly dilated blood ves- 
sels as compared with nontreated controls. 

‘The cervices of control animals on day 21 of gestation 
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Fig. 5. Histologic sections of uterine tissue from control (1) and nifedipine-treated (2) animals. Note 
compact organized muscle layers with wavelike pattern, in control animals indicating contraction, 
as opposed to loosely arranged, more disorganized muscle fibers with treatment. 3 illustrates higher 
magnification of dispersed muscle fibers in nifedipine-treated uterus, whereas 4 illustrates uterine 
blood vessel dilatation seen in treated animals. (Hematoxylin and cosin. 1 and 2, Original magni- 
fication X28. 3, Original magnification X45. 4, Original magnification X 20.) 


showed a dissolution of the collagen framework (thin- 
ner fibers with more intracellular space) consistent with 
softening and dilation of the cervix in preparation for 
parturition (Fig. 6). The collagen matrix of the nifed- 
ipine-treated animals revealed highly compact and 
thick bundles of collagen. 


Comment 

In general, nifedipine administered orally to rats in 
doses three and 30 times the recommended maximum 
human dose did not appear to alter pregnancy outcome 
in terms of the number of viable fetuses or resorptions 
on day 21 of pregnancy. In addition, no gross anomalies 
were observed even in the higher-dose group, illus- 
trating the low teratogenic potential of the drug in late 


pregnancy at these levels, although in these experi- 
ments treatment was begun on day 14, after completion 
of organogenesis. 

Maternal weight gain in the low-dose group paral- 
leled the control group. The reduced weight gain in 
the high-dose group does not appear to be due to the 
smaller litter size, which was present before treatment 
was begun. This difference is more likely due to the 
direct effects of the drug, particularly the reduction in 
fetal growth, because the significant change occurred 
on day 15, 1 day after nifedipine treatment was initi- 
ated. The reduction of uterine weight in the high-dose 
group can be correlated with the reduced litter size or 
the reduced pup weight. Because the number of reab- 
sorption sites or necrotic fetuses was not different from 
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Fig. 6. Histologic sections of cervices from control (1) and nifedipine-treated (2) animals. Note that 
control tissue exhibits dissolution of collagen matrix, whereas treated tissue has thick compact bands 
of collagen. (Masson trichrome. Original magnification x 200.) 


that of controls in either treatment group, the slightly 
smaller litter size in the high-dose group occurred by 


chance and cannot be correlated with the effects of 


nifedipine; it was undoubtedly present before treat- 
ment was initiated. 

The increased placental weight observed in high- 
dose nifedipine—treated animals may be explained by 
the increase in both trophoblastic tissue proliferation 
and hypertrophy and by increased vessel dilatation. 
Thus nifedipine-treated placentas show an apparent 
increase in functional tissue, which may represent an 
increased ability for perfusion and exchange. Although 
placental weight was not significantly increased in the 
lower-dose group, similar histologic changes in these 
placentas indicate that the functional capacity of the 
placenta may still be increased, without the adverse 
effects seen with the higher dose. 

Pup weights in the low-dose group were not signif- 
icantly different from those in the control group, but 
the pup weights in the high-dose group were signifi- 
cantly smaller than those in controls. Although the high 
group did have a lower litter size, in normal rats lower 
litter size is usually correlated with larger pup size. Be- 
cause the high-dose group exhibited smaller pup size 
in spite of a smaller litter size, the effects of the drug 
in this group are particularly striking. The decrease in 
fetal weight seen in rats treated with the higher dose 
of nifedipine may be due to an underperfusion of the 
uterus and placenta as secondary effects of an over- 
dilatation of the vasculature in the periphery from the 
excessive high-dose use. Thus, although uterine and 
placental vessels may be dilated by high doses of ni- 
fedipine, these organs may receive less of the total car- 
diac output because of the massive peripheral effects 
of the drug at this dose. A recent study by Danielsson 


et al.” reported that nifedipine caused digital defects 
in rabbit fetuses, which they hypothesized to be sec- 
ondary effects of reduced uterine blood flow. In that 
study, however, uterine blood flow was not measured 
and fetal and placental weights were not significantly 
altered by nifedipine. Blood flow studies need to be 
performed in the future to further evaluate these con- 
cerns. An additional hypothesis for the decrease in fetal 
weight may be that the drug is having a direct toxic 
effect on the fetus at higher doses. 

Increased uterine blood flow after administration of 
nifedipine has been observed in nonpregnant rats." 
The effect of calcium channel blockers on placenta 
blood flow has been studied and found not to adversely 
affect pregnancy outcome in either preterm labor or 
hypertension." However, no long-term studies have 
been done thus far and they may prove to be interest- 
ing, especially because our study illustrates vasculature 
dilatation in the placental bed with trophoblastic pro- 
liferation. The drug may prove to be of benefit in pa- 
tients known to have lupus anticoagulant and anticar- 
diolipin antibodies and other thrombotic disorders of 
pregnancy, because of the effects of increasing blood 
flow to the uterus and placenta. 

The effects of nifedipine observed in the uterus are 
consistent with the known inhibitor effects of the drug 
on smooth muscle. Nifedipine-exposed uteri appar- 
ently are in a very relaxed and noncontracting state, 
because they do not contract after removal of the con- 
ceptuses. Because the cervix in these treated animals is 
not influenced by rhythmic uterine contractions, the 
tissue does not exhibit the progression of collagen dis- 
solution that precedes cervical softening and dilatation. 
These effects of nifedipine seen in the uterus and cervix 
appear to be due to the inhibition of uterine smooth 
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muscle and thus contractions, although this does not 
preclude direct effects of the drug on these tissues. 

There is great demand for drugs that inhibit or re- 
duce unwanted smooth muscle contractions. Calcium 
antagonists such as nifedipine represent a new ap- 
proach for controlling uterine activity. Because of ni- 
fedipine’s efficacy in inhibiting spontaneous myome- 
trial activity and uterine contractions induced by var- 
ious agents,” '° if its mutagenic potential is minimized 
or disproved this agent can indeed be an alternative or 
adjuvant to previously used tocolytics. It has been 
shown that when the drug was given to patients in 
preterm labor, labor was delayed long enough for ad- 
ministration of a short course of corticosteroids. Those 
patients with elevated blood pressure were normoten- 
sive within 12 hours without any fetal side effects 
noted.® |’ However, before the drug can be given rou- 
tinely, its effects on the fetus must be clearly confirmed. 

In summary, our results suggested that, in addition 
to the tocolytic effects, nifedipine causes vascular di- 
lation in both the uterus and placenta. The use of ni- 
fedipine within the normal dose range does not appear 
to adversely affect fetal outcome, at least in the rat. The 
results suggest that nifedipine may prove to be a safe 
and effective tocolytic agent and may be particularly 
efficacious in hypertensive disorders, in the diabetic, 
and in conditions that result in decreased uterine-pla- 
cental blood flow. | 
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Interactive effects of volatile anesthetics, verapamil, and 


ryanodine on contractility and calcium homeostasis of isolated 


pregnant rat myometrium 
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John P. Kampine, MD, PhD,’ and Zeljko J. Bosnjak, PhD* 


Milwaukee, Wisconsin, and Budapzst, Hungary 


OBJECTIVE: Both volatile anesthetics and Ca** antagonists decrease uterine contractility. The irteractive 
effects of anesthetics, verapamil, and ryanodine on myometrial muscular activity and on intracellular Ca?* 


availability were examined. 


STUDY DESIGN: The effects of minimum alveolar concentrations of 0.5, 1.0, and 2.0 of halothane, 
enflurane, anc isoflurane on electrically stimulated isomet-ic mechanica: activity of isolated longitudinal 
myometrium strips from 45 pregnart rats (15 to 21 days), superfused with Krebs’ solution with or without 
5.0 mmol/L Ca?*, 10-7 and 1078 mol/L verapamil, and 107° mol/L ryanodine, were compared. Analysis 


was performed by analysis of variance and Duncan test. 


RESULTS: All three anesthetics and verapamil produced dose-dependent depression of contractility. 
Increasing the Ca?* concentration {rom 2.5 to 5.0 mmol/L in the superfusate partly reversed the 
depression. An additive effect of verapamil and anesthetics, especially enflurane, on contractile force was 
observed. Ryanodine had no effec: on contractility, but it could partly counteract the Ea effect of 


anesthetics. 


CONCLUSION: Clinically used concentrations of volatile anesthetics modify Ca?+ availability and depress 
uterine contractility. General anestresia, especially by enflurane, in oatients being treated with.calcium 
antagonists may represent a higher risk. (AM J OBSTET CYNECOL 1992;167:804-10.) 


Key words: Volatile anesthetics, verapamil, ryanadine, myometrium, contractility 


Calcium antagonists are frequently used in obstetric 
practice for the treatment of different cardiovascular 
disorders during pregnancy, especially for maternal hy- 
pertension and to treat preterm labor or threatened 
abortion.’* Volatile anesthetics are also widely used in 
clinical practice; however, they are known to induce 
uterine atonicity followed by nemorr hage during abor- 
tion or delivery.** In spite of its clinical importance, 
little is known about the interaction of volatile anes- 
thetics with blockers of the calcium ion (Ca?*) channels. 
Both anesthetics and Ca?* antagonists are thought to 
interfere with the Ca?* homeostasis in uterine smooth 
muscle cell, which plays a dominant role in control of 
contractile activity of the myometrium.** The mecha- 
nism of the interactive effects of these agents has not 
been well elucidated. 
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Ryanodine, a plant alkaloid, has been reported to 
exert complex effects on contractile activity of different 
smooth muscles.*”? It probably causes a Ca** leak from 
the sarcoplasmic reticulum, thus depleting smooth 
muscle Ca** from its intracellular stores.'*'° The effect 
of ryanodine has not been studied in myometrial cells. 

We have therefore investigated the effect of clinically 
useful doses of three volatile anesthetics (halothane, 
enflurane, and isoflurane), the Ca°** antagonist ver- 
apamil, and ryanodine on the electrically stimulated 
contractile activity of isolated longitudinal smooth mus- 
cle from pregnant rats. Possible explanations for the 
interactive effects of these agents on Ca?- homeostasis 
are discussed. 


Material and methods 


_ This research was approved by the Medical College 
of Wisconsin Animal Care Committee and conforms 
with standards set forth in the National Institutes of 
Health publication Guide for Care and Use of Laboratory 
Animals." 

Forty-five Sprague-Dawley rats pregnant for 15 to 21 
days (200 to 300 gm body weight) were anesthetized 
with 0.4 gm of ketamine and decapitated. Muscle strips 
from myometrium were quickly excised and immersed 
in modified Krebs’ solution (22° C) equilibrated with 
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Table I. Vaporizer settings and bath concentration of 0.5, 1.0, and 2.0 minimum alveolar concentrations 
of anesthetics 





Anesthetic 


Halothane 0.5 
Enflurane 0.5 


Isoflurane 0.5 


97% oxygen and 3% carbon dioxide. Small longitudinal 
muscle strips (10 x 0.6 x 0.4 mm) were prepared from 
this tissue. A single muscle strip preparation from each 
animal was used in one experiment. Experiments lasted 
up to about 5 hours. One end of the horizontally 
mounted preparation was pinned to the silicone elas- 
tomer floor of a 2 ml chamber, and the other end was 
connected to a force displacement transducer (Grass 
FTO3C, Grass, Quincy, Mass.). The muscle was super- 
fused at a rate of 10 ml/min with modified Krebs’ so- 
lution (37 + 0.2° C) equilibrated with a 97% oxygen 
and 3% carbon dioxide mixture. The composition of 
Krebs’ solution was sodium chloride, 121 mmol/L; 
potassium chloride, 4.5 mmol/L; sodium bicarbonate, 
15.5 mmol/L; sodium phosphate, 1.2 mmol/L; calctum 
chloride, 2.5 mmol/L; magnesium chloride, 1.2 
mmol/L; and glucose, 11.5 mmol/L (pH 7.4). 

The tissue was equilibrated for at least 1.5 hours. 
During this time the resting tension (level of residual 
tension between spontaneous contractions at steady 
state) was adjusted to optimal tension by means of a 
micromanipulator, when fine stretching did not further 
increase contractile force. The amplitude of isometric 
contractions was recorded on a digital oscilloscope (Ni- 
colet 310, Madison, Wis.) and on FM tape (AR Vetter, 
Rebersburg, Pa.) for later analysis. Electrical pulses 
(200 msec duration and 1.5 times threshold voltage, 
World Precision Instruments, New Haven, Conn.) were 
applied by bipolar silver wire surface electrodes. 

Anesthetics in the oxygen and carbon dioxide mix- 
ture were introduced to the superfusate reservoir for 
at least 10 minutes by calibrated vaporizers at settings 
of 0.5%, 1.1%, or 2.1% (halothane); 1.1%, 2.2%, or 
4.4% (enflurane); and 0.7%, 1.5%, or 2.9% (isoflurane), 
equivalent to approximately 0.5, 1.0, and 2.0 minimum 
alveolar concentrations for the rat.” Superfusate an- 
esthetic concentrations at these settings (Table I) were 
determined by gas chromatography from samples ob- 


tained from the tissue bath after a 10-minute washing | 


period. Various anesthetics at different doses were ran- 
domly used. Tissue was exposed to the desired con- 
centration of anesthetic for at least 10 minutes before 


Minimum alveolar Vaporizer setting 
concentration (%) 






Bath concentration 
(mmol/L, mean + SE) (n = 45) 


0.53 0.15 + 0.01 
1.05 0.30 + 0.02 
2.10 0.63 + 0.05 
LI 0.53 + 0.03 
2.21 0.65 + 0.05 
4.42 1.29 + 0.08 
0.73 0.16 + 0.01 
1.46 0.34 + 0.01 
2.92 0.66 + 0.04 


measurements. After measurements were made, thers 
was a 10-minute period for anesthetic washout. Contre] 
data for each test condition were bracketed (average of 
values before and after exposure to each anesthetic 
concentration) for data tabulation. 

Drug-containing solutions were prepared immedi- 
ately before use by appropriate dilution of the stock 
solutions (1074 mol/L) of verapamil (107? and 107° 
mol/L, Sigma, St. Louis) and ryanodine (107° mol/L. 
Calbiochem, La Jolla, Calif.). Tissues were exposed tc 
drug-containing solutions for 20 minutes before mea- 
surements of contractile forces. 

Data are provided for experiments in which the fol- 
lowing drugs are examined: (1) the three different 
concentrations of each anesthetic, (2) anesthetics in 
5.0 mmol/L Ca?* solution, (3) anesthetics plus 107’ 
mol/L verapamil, (4) anesthetics plus 107 mol/L ver- 
apamil, and (5) anesthetics plus 107€ mol/L ryanodine. 
Amplitude of the contractions was expressed as the 
percentage of the control contractile force in the same 
preparation. 

Data are expressed as mean + SEM. Statistical anal- 
ysis was performed by analysis of variance and Duncan 
test with p < 0.05 considered statistically significant. 


Results 


Longitudinal strips of myometrium from pregnant 
rats contracted spontaneously at a low rate of approx- 
imately 0.1 to 0.7 Hz. To avoid the differences in fre- 
quency of spontaneous contractions that resulted from 
the different drugs used, preparations were electrically 
stimulated. 

Effect of external Ca’*t concentration on contractile 
force. Raising the external calcium concentration from 
0.5 to 2.5 mmol/L and then to. 5.0 mmol/L increased 
contractile force from 0.86 + 0.1 to 2.13 + 0.3 gm 
(p < 0.001) and then to 2.46 + 3.2 gm (p< 0.05, 
n = 7). Further increase in external Ca®* concentration 
did not significantly change contractile force. 

Effect of anesthetics on contractile force. Vaporizer 
settings equivalent to minimum alveolar concentrations 
of 0.5, 1.0, and 2.0 of anesthetics!® and tissue bath con- 
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Fig. 1. Effect of anesthetics on contractile force in presence 
of 2.5 mmol/L (upper panel, n = 10) and 5.0 mmol/L external 
Ca?* concentration (lower panel,n = 7). HAL, Halothane; ENF, 
enflurane; ISO, isoflurane. 


centrations are shown in Table I. All three volatil2 an- 
esthetics, even at low concentrations, significantly de- 
pressed uterine contractility (Fig. 1, upper panel); min- 
imum alveolar concentrations of 0.5, 1.0, and 2.0 of 
halothane decreased contractile force by 40.3%, 64.2%, 
and 81.2%, respectively (p< 0.01). Enflurane de- 
creased contractile force by 31.6%, 57.3%, and 73.2%, 
respectively (p < 0.01). Isoflurane decreased contrac- 
tile force by 23.1%, 44.5%, and 56.4%, respectively 
(p < 0.01). At each minimum alveolar concentrat.on of 
anesthetic, halothane exerted the greatest and: isoflu- 
rane the least depressant effect on contractile force 
(Fig. 1). 

Experiments were repeated after external Ca?* con- 
centration was increased from 2.5 to 5.0 mmol/L (Fig. 
1, lower panel). All three anesthetics, halothane most 
and isoflurane least, again caused a dose-dependent 
inhibition of uterine contractility. However, an increase 
in external Ca?” concentration from 2.5 to 5.0 
mmol/L attenuated the depressant effect of anesthetic 
agents. The magnitude of depressant effect af each 
anesthetic in a different external Ca** concentration is 
compared in Fig. 2. With the exception of a 0.5 min- 
imum alveolar concentration of enflurane, depression 
of the contractile activity was significantly smaller at 
each concentration of halothane and enflurane in an 
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Fig. 2. Combined effects of 5.0 mmol/L external] Ca** (n = 7) 
and 10-6 mol/L ryanodine (n = 11) with halothane, enflu- 
rane, and isoflurane on contractile force. RYA, Ryanodine. 


external Ca®* concentration of 5.0 than in one of 2.5- 
mmol/L. Differences between the effects of isoflurane 
in 2.5 and.5.0 mmol/L external Ca®* concentration 
were apparent but not statistically significant (Fig. 2). 
Additive effects of anesthetics and verapamil on 
contractile force. Verapamil caused a dose-dependent 
depression of uterine contractility (Fig. 3). Steady state 
was reached after about 20 minutes of drug exposure. 
Contractile force did not completely recover even after 
a 2.5-hour washout period (Fig. 3). Combined effects 
of 1077 and 107° mol/L verapamil and anesthetics are 
summarized in Fig. 4. The interaction between 
verapamil and volatile anesthetics was found to be ad- 
ditive. Although halothane had the greatest effect on 
contractility in normal Krebs’ solution, with either con- 
centration of verapamil in the superfusate enflurane 
exerted the most depressant effect. After the admin- 
istration of 1077 mol/L verapamil into the superfusate, 
the inhibitory effect of anesthetics was not significantly 
different from control. In contrast, in preparations ex- 
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Fig. 3. Dose-dependent effects of verapamil and ryanodine on contractile force of uterine smooth 
muscle compared with control before drug exposure and after washout (n = 7). 


posed to 107° mol/L verapamil, inhibition of contractile 
activity in the presence of each concentration of indi- 
vidual anesthetic was found to be greater than in con- 
trol or in preparations exposed to 1077 mol/L 
verapamil (Fig. 4). 

Combined effects of anesthetics and ryanodine on 
contractile force. Ryanodine itself had no effect on 
uterine contractile activity (Fig. 3). On the other hand, 
administration of 10~® mol/L ryanodine into the su- 
perfusate significantly attenuated the depressant effect 
of the anesthetic agents (Fig. 2). Contractile force was 
significantly higher at each concentration of each an- 
esthetic with ryanodine in the superfusate compared 
with control (Fig. 2). 


Comment 


It has long been known that halothane, enflurane, 
and isoflurane decrease myometrial contractility, intra- 
uterine pressure, and reduce the responsiveness of the 
myometrium to different smooth muscle stimulants, 
possibly resulting in uterine atonicity followed by post- 
partum hemorrhage or increase in maternal blood loss 
during elective abortion.** Nevertheless, volatile anes- 
thetics, especially halothane, are still used in obstetric 
practice, mostly because of their relative safety, ease of 
administration, and patient acceptance. Depressing ef- 
fects of halothane on contractile activity in both rat’ 
and human*'” '* myometrium have been observed in 
vitro even at low concentrations and during a relatively 
short duration of anesthetic exposure.'*’* Our findings 
confirmed these results by showing that all three an- 
esthetic agents, even at a low (9.5) minimum alveolar 
concentration, significantly decreased the amplitudes 
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Fig. 4. Combined effects of 107’ (n = 11) and 107° mol/L 
(n = 6) verapamil with halothane, enflurane, and isoflurane 
on contractile force. VER, Verapamil. 


of contractions in longitudinal uterine muscle strips of 
pregnant rats. In agreement with previous results, the 
depressant effect of anesthetics was partly reversed by 
raising the external Ca°* concentration. 
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At equivalent minimum alveolar concentrations, an 
equally depressant effect of halcthane, enflurane, and 
isoflurane on isolated human uterine muscle has been 
reported. Under our experimental circumstances 
halothane was found to be the most and isoflurane the 
least potent negative inotrope. Although the cellular 
basis for these pharmacologic differences among an- 
esthetic agents is unknown, it is probably related to 
differential changes in Ca?* homeostasis of the uterine 
smooth muscle cell. Ca?* is theught to play a central 
role in the contractile activity of the myometrium. A 
rise in intracellular Ca?* concentration to about 1075 
mol/L is necessary for contraction. Ca**, which triggers 
this process, may come from the extracellular space 
through voltage- or receptor-operated Ca’* channels, 
from the sarcoplasmic reticulum, or from both.®* Vol- 
atile anesthetics may alter Ca?* homeostasis of the cell 
in several ways. Generally, they decrease intraceliular 
Ca®* concentration and thus Ca?* availability for the 
contractile system by decreasing the transsarcolemmal 
Ca’* influx in both cardiac’ and uterire’’ muscle and 
by depleting intracellular Ca** stores by increasing Ca?* 
release or by decreasing Ca®* uptake by sarcoplasmic 
reticulum.” *° Similar to our results on uterine 
tissue, marked depression of sarcoplasmic reticulum 
Ca?* sequestration by halothane and less inhibition by 
isoflurane in myocardial and vascular smooth muscle 
has been reported,” suggesting a potential similar 
mechanism for anesthetic depression in different 
tissues. 

An increasing number of patients are given short- 
and long-term administration of verapamil or other 
Ca’* channel blocker treatment, either for differer:t car- 
diovascular disorders or to decrease myometrial con- 
tractions in cases of threatened abortion, premature 
labor, and dysmenorrhea." * Ca?* antagonists inhibit 
the transsarcolemmal slow irward current carried by 
Ca?** ** and therefore decrease spontaneous or 
agonist-induced uterine contractions both in vitro and 
in vivo.”*** Pregnant patients being treated with Ca?* 
antagonists are often scheduled for anesthesia. How- 
ever, no careful studies on the interactive effects of 
volatile anesthetics and Ca?* antagonists on uterine con- 
tractility have been reported. In our experiments an 
additive effect of anesthetics and verapamil on myo- 
metrial contractile activity was found. This correlates 
well with previous results, which have shown chat in 
cardiac tissue the combination of volatile anesthetics 
and Ca’* channel blockers resulted in the summation 
of their depressant effects.” This might be explained 
by (1) their similar effect on transsarcolemmal Ca®* 
influx, (2) their additive effect on intracellular Ca** 
release and uptake mechan:sms, and (3) the effects of 
anesthetics on Ca®* antagonist pharmacokinetics in 
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vivo.'**° A combination of verapamil and enflurane has 
been found to be more depressant to cardiac function 
than a combination of verapamil and halothane or iso- 
flurane.”® In this study similar results were found in 
uterine muscle, i.e., with verapamil in the superfusate 
enfiurance proved to have the most potent depressant 
effect on contractile activity. 

_ Ryanodine, a plant alkaloid, known to bind to the 
Ca?* release channel of sarcoplasmic reticulum mem- 
brane in smooth muscle cell and to lock it in an open 
state, causing a leak and depletion of stored Ca** from 
sarcoplasmic reticulum,” had no effect on uterine 
contractions. This finding is surprising, although ry- 
anodine has been found to exert complex effects on 
contractile activity, including both relaxation and con- 
traction of the muscle,-depending on tissue type, pat- 
tern of stimulation, and concentration of the drug.*! 
There are several explanations for our results. First, 
the lack of effect of ryanodine on uterine contractility 
may represent a different handling of intracellular Ca** 
concentration, being the result of a fine balance be- 
tween the release of Ca*?* from sarcoplasmic reticulum 
and mechanisms which extrude Ca?* from the'cell. Re- 
sequestration of Ca®* into sarcoplasmic reticulum may 
also contribute to intracellular Ca®* activity; however, 
released Ca?* from sarcoplasmic reticulum in smooth 
muscle has been recently found to be of a non-recycling 
nature,” suggesting that extrusion mechanisms may be 
more efficient than Ca?* reuptake by sarcoplasmic re- 
ticulum. Second, the lack of the so-called S$, compart- 
ment in sarcoplasmic reticulum® of uterine muscle cell 
might explain why ryanodine had no effect on con- 
tractile activity. Two classes of Ca?* stores in sarco- 
plasmic reticulum of smooth. muscle cells have been 
identified: one with both Ca?*-induced Ca®* release and 
inositol 1,4,5-triphosphate—induced Ca** release 
mechanisms (Ca** store called S.) and another only with 
1,4,5-triphosphate—induced Ca?* release (S,).*° Ryano- 
dine acts only on the Ca?*t-induced Ca?” release chan- 
nels and only when they arè open.” If there is just a 
small S, store in the sarcoplasmic reticulum of uterine 
smooth muscle cells or none at all or if the S, store does 
not contain Ca?*t-induced Ca?* release channels, ry- 
anodine cannot effect Ca?* release from sarcoplasmic 
reticulum. Indeed, caffeine, also known to act on 
Ca?*-induced Ca?* release, failed to induce contrac- 
tions in rat myometrium.*! Moreover, ryanodine has 
been reported not to inhibit contractions induced by 
exogenous norepinephrine in isolated vas deferens of 
the rat,” suggesting that norepinephrine might open 
only 1,4,5-triphosphate—induced Ca®* release but not 
Ca**-induced Ca** release channels. It is also possible 
that the effect of electrical stimulation, applied in our 
experiments either by depolarization of the cell mem- 
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brane or by norepinephrine release, failed to reach the 
threshold for the opening of sarcoplasmic reticulum 
channels but induced Ca?* release through the 1,4,5- 
triphosphate—induced Ca?* release mechanism. How- 
ever, we found that administration of ryanodine partly 
prevented the depressant effect of volatile anesthetics, 
suggesting that ryanodine may increase intracellular 
Ca?* availability, either by altering transsarcolemmal 
Ca** influx or, more likely, sarcoplasmic reticulum 
membrane Ca’* adenosine 5'-triphosphate activity. 
Our results are in line with those of Su and Zhang,” 
who have recently found an opposing effect of halo- 
thane and ryanodine on mechanical activity of isolated 
aortic strips of the rabbit. They have shown that ry- 
anodine inhibits halothane-induced Ca’* release from 
sarcoplasmic reticulum, suggesting that halothane 
makes the ryanodine-sensitive receptors in the sarco- 
plasmic reticulum Ca?* release channel more readily 
available for ryanodine.” Finally, interactive effects of 
anesthetic agents and ryanodine on other sites (Ca** 
adenosine 5’-triphosphate, contractile proteins, etc.) 
cannot be excluded. 

In summary, a marked depressant effect of halo- 
thane, enflurane, isoflurane, and verapamil on uterine 
contractile activity was found. Halothane exerted the 
greatest and isoflurane the least depressant effect, 
which was partly reversed by raising external Ca** con- 
centration. An additive interaction of anesthetics and 
verapamil on myometrial contractility was also shown. 
Ryanodine has no detectable effect on control contrac- 
tility; however, it partially counteracted the depressant 
action of anesthetics. Ga?* homeostasis of the myo- 
metrium cell is most likely the target system on which 
volatile anesthetics and Ca?* channel blockers act. Our 
data do not permit us to determine the exact phar- 
macologic effects of these agents on uterine smooth 
muscle. However, they suggest that these agents, in- 
terfering with intracellular Ca?* availability, may have 
pronounced effects on contractile activity of the myo- 
metrium. If applicable to clinical settings, our results 
indicate that anesthesia by volatile anesthetic agents, 
especially by enflurane, may represent a higher risk for 
uterine atonicity and increased blood loss in pregnant 
patients treated by Cat antagonists. Further elucida- 
tion of the different pharmacologic effects and mech- 
anism of uterine Ca?* homeostasis may provide the 
basis for management of unwanted uterine contrac- 


tions. 
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Platelet-activating factor antagonists decrease lung protein leak 


in preterm ventilated rabbits 


Bannie L. Tabor, MD, James F. Lewis, MD,” Machiko Ikegami, MD, PhD,” and 


Alan H. Jobe, MD, PhD” 


Torrance, California 


OBJECTIVE: The preterm ventilated lung is characterized by an increased protein leak from the 
pulmonary vascular spaces into the air spaces, which interferes with lung function and plays a role in 
neonatal respiratory distress syndrome. To investigate the role of platelet-activating factor in this process, 
platelet-activating factor antagonists were given to preterm ventilated rabbits. 

STUDY DESIGN: New Zealand Write rabbits were delivered on day 28 of 31 days’ gestation. Each rabbit 
pup received saline solution or one of two platelet-activa-ing factor antagonists and were ventilated for 30 
minutes with measurement of compliance, surfactant pool size, and protein leak into and out of the Jung. 
Statistical analysis was performed with analysis of variarice followed by Student~Newman-Keuls correction 


for multiple comparisons. 


RESULTS: There were no differences in lung compliance, surfactant pool size, or protein leak out of the 
air spaces among any of the groups. Treatment with the platelet-activating factor antagonists decreased 
the protein leak into the air spaces by >50% and into the lung as a whole by 40% (p < 0.01). 
CONCLUSION: Platelet-activating factor plays a role in the protein leak seen in the preterm lung, which 
contributes to neonatal respiratory distress syndrome. (Am J OpsteT GYNECOL 1992;167:810-4.) 


Key words: Pulmonary edema, hyaline membrane disease 


One of the features of the preterm immature lung, 
both clinically and experimer:tally, is a highly protein- 
acious pulmonary edema.’ This edema formation is felt 
to be a maladaptive process of neonatal adaptation, the 
mechanism for which is not clear, Because this edem- 
atous state is similar to the increased vascular perme- 
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ability seen in adult lung injury, they may share similar 
mechanisms. Platelet-activating factor (PAF) is a family 
of potent bioactive phospholipids, alkylacetylglycero- 
phosphocholines, that have been proposed to play a 
role in antigen-induced, systemic anaphylactic reactions 
in adult animals and in the genesis of pulmonary edema 
in adult lung injury.” Term neonatal and young animals 
fail to develop these antigen-induced reactions and, 
unlike adult animals, are relatively resistant to the ac- 
tions of PAF’ This may be due to age-related differ- 
ences in PAF metabolism.* Because metabolism of PAF 
in preterm animals is similar to that of adult animals, 
the preterm animals may also be susceptible to the vas- 
cular effects of PAF.* Our hypothesis is that preterm 
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animals are indeed susceptible to the effects of PAF, 
and that this is a mediator in the maladaptive process 
resulting in protein leak and pulmonary edema in the 
preterm lung. 


Material and methods 


Experimental design. The actions of PAF are me- 
diated through specific receptors. Antagonists that 
bind to these receptors and block the effects of PAF 
infusion in various adult animal models have been de- 
veloped.* These antagonists in low doses alone have 
been found to have no effects on vascular reactivity or 
leak.* We examined the role of PAF in the lung protein 
leak observed in preterm ventilated rabbits with two 
PAF receptor blockers: CV-3988 (Biomol Research 
Laboratories, Plymouth Meeting, Pa.) and L-002 (gift 
from Lederle Labs, American Cyanamid, Pearl River, 
N.Y.). Infusions of PAF were not used because these 
have already been shown to increase vascular leak in 
adult animals. Alterations or the lack thereof in the 
large protein leak already observed in ventilated pre- 
mature animals when PAF was infused would not prove 
or disprove the natural role of PAF in this process. On 
the other hand, diminutions in this leak with PAF re- 
ceptor blockade would suggest such a role. 

Preparation of animals. The guidelines approved by 
our institution for the care and use of animals were 
followed during the experiment. On day 28 of gesta- 
tion, the pregnant does were given intravenous diaz- 
epam and supplemental oxygen by face mask and de- 
livered by cesarean section with spinal anesthesia. The 
newborn rabbits were weighed and given 10 mg/kg 
ketamine and 0.1 mg/kg acepromazine by intraperi- 
toneal injection. Each neonatal rabbit received 0.2 ml 
saline solution containing 1 wCi iodine 131—albumin 
and either 10 mg/kg body weight CV-3988, 2 mg/kg 
body weight L-002, or saline solution control through 
the external jugular vein. Then 0.2 ml of 0.45% sodium 
chloride solution containing 1 wCi iodine 125—albumin 
was administered to each rabbit through a tracheal tube 
made from an 18-gauge needle that was tied into.the 
trachea. Five breaths of 100% oxygen at 30 cm H,O 
were given with an anesthesia bag to initiate ventilation 
after the intratracheal injection. The rabbits were then 
transferred to a ventilator-plethysmograph system, 
temperature controlled at 37° C. Initially, ventilation 
was with 100% oxygen at a rate of 40 breaths/min, an 
inspiratory time of 0.7 seconds, a peak inspiratory pres- 
sure of 35 cm H:O, and an end-expiratory pressure of 
0. Tidal volume was measured frequently with a pneu- 
motachometer and maintained at 10 to 12 ml/kg by 
adjusting the individual peak inspiratory pressures.’ 


The rabbits were ventilated for 30 minutes and then | 


killed with intrathecal injections of lidocaine. The chest 
was opened, and a heparinized blood sample was drawn 
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from the heart. An aliquot of this sample was used for 
measurement of Pco,. A second aliquot was used for 
measurement of labeled albumin and hemoglobin con- 
centration. The sex of each rabbit was determined by 
examination of the internal gonads." 

Processing of samples. The lungs of the newborn 
rabbits were thoroughly washed with five aliquots (1 tc 
1.5 ml each) of.0.9% sodium chloride solution. The 
pooled volume was recorded as the alveolar wash. The 
lungs were removed and weighed. The alveolar wash, 
lungs, and blood aliquots, along with triplicate samples 
of the "I and ‘I used for the initial injections, were 
counted for radioactivity. The lungs were then ho- 
mogenized in 4 ml of 0.9% saline solution and the vol- 
ume recorded. The contribution of intravascular blood 
to the radioactivity associated with the lung was cal- 
culated by measuring the hemoglobin content and ra- 
dioactivity of the blood and the lurg and was subtracted 
from the total radioactivity of the lung.’ 

Lipid extracts of aliquots of the alveolar wash and 
the lung homogenate were prepared with chloro- 
form/methanol (2:1 vol/vol). The extracts were 
treated with osmium tetroxide, and saturated phos- 
phatidylcholine was isolated by alumina column chro- 
matography and quantified by phosphorus assay.’*"' 

Materials. Radiolabeled albumin was prepared by io- 
dination with carrier-free I or I with Chloramine- 
T and monomer standard bovine serum albumin (Miles 
Laboratories, Elkhart, Ind.). The iodinated albumin 
was extensively dialyzed, and the incorporation was ver- 
ified by trichloroacetic acid precipitation. 

Data analysis. Animals were excluded from the final 
analysis if upper airway leaks occurred during place- 
ment of the trachea tube, a pneumothorax occurred 
during ventilation, or the final PcOs was >70 mm Hg. 
The I and ™'I albumin radioactivity of the alveolar 
wash and the lung tissue were expressed as the percent 
recovery of the respective quantities injected. Protein 
leak, as estimated by the percent recovery of radiolabel, 
and surfactant pool size are reported in the alveolar 
wash and the total lung (sum of the alveolar wash and 
the lung homogenate). A final compliance value was 
calculated for each rabbit 30 minutes after the initiation 
of ventilation by dividing the measured tital volume 
(milliliters) by the peak inspiratory pressure (centime- 
ters of water) and the body weight (kilograms). All val- 
ues are reported as means + SEM. Statistical analysis 
was performed with a one-way analysis of variance fol- 
lowed by the Student~Newman-Keul correction for 
multiple comparisons. A two-way analysis of variance 
was used to identify any sex-dependent interactions 
with treatment groups. No sex differences in any pa- 
rameters were noted, so sexes within groups were com- 
bined for subsequent analysis. Significance was ac- 
cepted at p < 0.05. 


812 Tabor et al. 


Table I. Ventilatory status 
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No. 23 21 20 
Weight (gm) 34.2 + 1.0 34.0 + 1.1 34.9 + 1.1 
Pco, (mm Hg) 42.0 + 1.8 49.0 + 1.5 41.0 + 2.2 
Peak inspiratory pressure (crm H,O) 25.3211 24.9 + 1.0 22.4 + 1.3 
Compliance (ml/cm HO per kilogram) 0.46 + 0.03 0.45 + 0.03 0.53 + 0.04 
Table II. Surfactant pool size 
Alveolar wash saturated phosphatidylcholine 1.8 + 0.4 1.6 + 0.2 1.2 + 0.1 
(mol/kg) l 
Total lung alveolar wash plus. lung homogenate 55.0 + 1.9 55.7 + 5.0 54.7 + 2.0 


saturated phosphatidylcholine (mol/kg) 


Results 


Ventilatory status. Seven litters of rabbits were stud- 
ied. Two animals in the L-00? group and one in the 
CV-3988 group were excluded from the final analysis 
because of upper airway leaks or final Pco, >70 mm 
Hg, yielding 20 control animals, 23 in the L-002 treat- 
ment group, and 21 in the CV-3988 group. The groups 
were similar in terms of mean birth weight, final Pco,, 
final peak inspiratory pressures, and final comphances 
(Table I). 

Surfactant pool size. There were no differences in 
the surfactant pool sizes in the three groups. The al- 
veolar wash saturated phoszhatidylcholine ranged 
from 1.2 to 1.8 pmol/kg. The total lung measurements 
were all approximately 55 pmol/kg body weight (Table 
II). 

Protein leak. The protein leak into the lung was es- 
timated by the percent recovery of the intravascular 
label '*'I-albumin in the alveolar wash and the total lung 
(Fig. 1). In the control animals 3.5% of the intravascular 
label was recovered in the alveolar wash, compared with 
1.5% in the animals treated wizh L-002 and 1.7% in the 
CV-3988 group (p < 0.01). Similarly, treatment with 
the PAF blockers decreased the total lung leak from 
7.6% in the control animals to 4.5% in the treatment 
groups (p < 0.01). 

The protein leak out of the lung was estimated by 
the percent recovery of the intraalveolar radiolabeled 
*5J-albumin in the alveolar wash and total lung (Fig. 


2). Neither L-002 nor CV-3938 had any effect on the . 


movement of protein out of the air spaces into the lung 
tissue and into the vasculature. Approximately 40% of 
the radiolabel was recovered in the lung as a whole. 


Comment l | 

The fetal lung is filled with fluid with a very low 
protein content. At term birth this fluid is rapidly 
cleared from the air spaces without further reaccu- 


mulation.” In preterm ventilated animals epithelial and 
endothelial abnormalities that lead to a bidirectional 
movement or leak of protein between the pulmonary 
vascular spaces and the airspaces have been demon- 
strated.’ The dominant direction of protein movement 
is from the intravascular space into the air spaces, lead- 
ing to the formation of proteinacious pulmonary 
edema. There are several lines of experimental evi- 
dence that suggest that the formation of this pulmonary 
edema is the result of a maladaptive process of preterm 
neonatal adaptation. It has been shown that protein 
leak occurs in unventilated lung segments in the pre- 
term sheep.” The hourly rate of protein leak decreases 
with time after birth, in spite of relatively constant ven- 
tilatory pressures.’ This and other evidence indicates 
that the degree of leak is relatively independent of 
barotrauma in the absence of severe immaturity. The 
amount of leak decreases with increasing gestation age, 
and it can be reduced with hormonal agents that induce 
lung maturation.’? 

The significance of this pulmonary edema concerns 
its adverse effect on lang function. The interstitial 
edema results in decreased lung compliance. Alveolar 
filling with fluid and protein interferes with gas ex- 
change and in addition provides a media for coagula- 
tion and formation of hyaline membranes. The alveolar 
protein will also inhibit the function of alveolar sur- 
factant, particularly.in the small pool sizes seen in the 
preterm animal.'* 

Attention has been turned to the cause and mediation 
of this preterm pulmonary edema. One possible me- 
diator is PAF, which is synthesized in a variety of in- 
flammatory and endothelial cells. It is generated in 
allergic and inflammatory reactions, and when infused 
in adult animals, will reproduce many of the local and 
systemic responses seen in these reactions.” It has been 
shown to increase vascular permeability in vitro and in 


» vivo in several adult animal models and has been pro- 
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Fig. 1. Percent recovery of '*'I-albumin from alveolar wash and total lung. Treatment with both 
L-002 and CV-3988 significantly decreased protein leak into air spaces (AW) and One: as a whole 


(TL) in comparison with control animals (p < 0.01). 
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Fig. 2. Percent recovery of 'I-albumin from alveolar wash (AW) and total lung. Clearance of 
intratracheally administered albumin from lungs (TL) was similar in all groups. 


posed as one of the mediators in the pulmonary vas- 
cular permeability seen in adult lung injury.” '* 
Young animals do not manifest the responses to PAF 


infusions seen in the adult, pcessibly as a result of dif- — 
ferences in PAF metabolism. PAF is inactivated by a 


specific acetylhydrolase, which exists in both an intra- 
cellular and a plasma form.'° The activity of the plasma 


form of this enzyme varies with developmental age, as: 


demonstrated by Maki et al.* in the rabbit. There is a 
fivefold increase in activity in the rabbit fetus from day 
21 of gestation to day 30 and a further twofold increase 
in the first week of life before a decrease to adult 
levels.” Intracellular levels of PAF have been shown to 
increase in the lung with advancing gestational age. 
Given the effect of PAF on inducing glycogenolysis, the 
increasing intracellular levels of PAF may play a role 
in surfactant synthesis by supplying increasing levels of 


‘substrate. Although increasing levels of intracellular 


PAF may be beneficial, preterm animals may be more 
susceptible to the effects of extracellular PAF on the 
vascular endothelium than term neonates and young 
animals would be, because of these differences in me- 
tabolism. 

In the current experiment both PAF receptor block- 
ers, L-002 and CV-3988, decreased the leak of radio- 
labeled protein from the vascular spaces into the lung 
tissue and air spaces io levels similar to term neonatal 
rabbits. The agents had no effect on the movement of 
protein out of the air spaces. The differences occurred 
in spite of similar degrees of lung immaturity, as as- 
sessed by the ventilatory pressures required, lung com- 
pliances, and surfactant pool sizes. 

These initial observations suggest that PAF, acting on 
the pulmonary vascular endothelium, may increase the 
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leak of protein into the lung and play a role in the 
generation of pulmonary edema observed in the pre- 
term lung. The decrease in protein leak in the preterm 
lung as gestation and time after birth progresses may 
be due to alterations in PAF activity as a secondary 
effect of postnatal changes in its metabolism. Similarly, 
the decrease in protein leak observed with hormonal 
maturation regimens, particularly corticosteroids, may 
be mediated by induction of PAF metabolic enzymes. 

These findings await confirmation in other species. 
If they are confirmed, further questions arise about the 
exact mechanism of PAF in this process. Is this leak a 
direct effect of PAF on vascular endothelial cells? Are 
there secondary mediators involved, such as prosta- 
glandins, whose synthesis is induced by PAF? Is the 
decreased leak that is observed with PAF antagonists 
caused by blockage of PAF effects on vascular pres- 
sures? Does PAF have a similar effect on alveolar epi- 
thelial cells, 1.e., increasing protein movement out of 
the alveolus? Further investigation will be needed to 
fully develop an understanding of the action of PAF in 
this facet of neonatal adaptation. PAF undoubtedly has 
many roles, some detrimental and some beneficial, de- 
pending on the time and the place. 
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Tumor necrosis factor-a selectively stimulates prostaglandin 
F-a production by macrophages in human term decidua 


Errol R. Norwitz, MD, Andrés Lopez Bernal, MD, DPhil, and 


Phyllis M. Starkey, MA, PhD 
Oxford, England 


OBJECTIVE: Our objective was to investigate the effect of tumor necrosis factor-« on prostaglandin 


production by human term decidual cell subtypes in vitro. 


STUDY DESIGN: We measured the effect of tumor necrosis factor-a on prostaglandins Fa, Ep, Dz, F 
metabolite, and E metabolite production by decidual cells {n = 4) with radioimmunoassay. We used flow 
cytometry after labeling with an antibody to histocompatibility antigen DR, L243, which is specific for 
macrophages in this tissue, to prepare pure populations of decidua! macrophages {n = 3). Differences in 
prostaglandin output were analyzed by Wilcoxon and Kruskal-Wallis tests. 

RESULTS: Tumor necrosis factor-a stimulated prostaglandin F,, output by unfractionated decidual cells, 
without altering the output of any other prostaglandins. Tumor necrosis factor-« (10 nmol/L) increased 
prostaglandin F,, production from decidual macrophages {HLA-DR-positive cells) by about threefold: from 
a median of 727 (range 423 to 1226) to a median of 1974 (range of 1550 to 2201), fmol/10® cells per 18 
hours, as compared with a 1.4-fold increase from nonmacrophages from a median of 247 fmol/10® cells 
per 18 hours (range 125 to 611) to a median of 340 fmol/10° cells per 18 hours (range 201 to 505). 
CONCLUSION: Stimulation of decidual prostaglandin Fz production by tumor necrosis factor-a may be 
important in the etiology of spontaneous labor at term or preterm labor associated with infection. (Am J 


OBsTET GYNECOL 1992;167:815-20.) 


Key words: Prostaglandin F,,, tumor necrosis factor-a, human pregnancy, endometrium- 


decidua, flow cytometry 


The mechanisms responsible for the initation of hu- 
man parturition are not fully understood. However, an 
increase in prostaglandin biosynthesis in the uterus, 
especially prostaglandin F,, (PGF,,) and prostaglandin 
E, (PGE,), appears to be a consistent element in the 
transition into labor.’* There ts increasing evidence to 
suggest that the presence of subclinical intrauterine in- 
fection is causally related to the onset of premature 
labor, a process that may be mediated through the re- 
lease of cytokines by uterine tissues after exposure to 
bacterial toxins (lipopolysaccharide).* * Tumor necrosis 
factor-a (TNF-a), a 17.5 kd peptide produced by hu- 
man monocyte or macrophage cells,” stimulates pros- 
taglandin production by term decidual explants in 
vitro’ and the production of TNF-a by both dispersed 
cells and tissue explants of term decidua increases on 
exposure to lipopolysaccharide.* 5 

Human decidua contains many different cell popu- 
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lations. At term 47% of decidual cells express the leu- 
kocyte common antigen (CD45) and are therefore of 
bone marrow origin; of these, 18% are macrophages, 
8% T lymphocytes, 3% large granular lymphocytes, 2% 
B cells, and the rest granulocytes.” The remaining cells 
include stromal cells and residual glandular elements.* 
We have used flow cytometry to isolate populations of 
decidual cells more than 95% pure and measured the 
effect of TNFa on prostaglandin output by these cells 
with radioimmunoassay (RIA). 


Material and methods 


Tissue samples. Term placentas and fetal mem- 
branes (n = 7) were collected after spontaneous labor 
and vaginal delivery of singleton pregnancies; none of 
the women had received prostaglandins or oxytocin 
while in labor. The mean age of the women was 29.7 
years (range 19 to 42 years), and the mean gestational 
age was 279 days, as calculated from the last menstrual 
period (range 259 to 292 days). The tissues were col- 
lected in accordance with the requirements of the Cen- 
tral Oxfordshire Research Ethics Committee. Tissues 
were processed within 45 minutes of delivery. Decidua 
vera was scraped from the fetal membranes, blood clots 
were removed, and the tissue was minced into 1 mm? 
fragments and washed in Dulbecco’s phosphate-buff- 
ered saline solution (Sigma Chemical, Poole, Dorset, 
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England) at 37° C for 10 minutes to remove most of 


the remaining red blood cells. All subsequent steps were 
carried out under sterile conditions at 37° C in medium 
containing 100 U/ml benzylpenicillin and 100 pg/ml 
streptomycin. 

Cells from the human histiocytic lymphoma cell line 
(U937) were a gift from Dr. G. Vince (Nuffield De- 
partment of Obstetrics and Gynaecology, John Rad- 
cliffe Hospital, Oxford, England) and were incubated 
under the same conditions as the decidual cells. 

Preparation of single decidual cell dispersions. 
Term decidual tissue was dispersed with a two-stage 
enzymic digestion protocol, as previously described.® '° 
The cell digest was filtered through a 100 um gauze, 
washed three times in phosphate-buffered saline so- 
lution by centrifugation at 400g for 10 minutes, and 
allowed to recover overnight at 4° C in RPMI 1640 
(Gibco-Europe, Uxbridge, Middlesex, England) con- 
taining 10% heat-inactivated fetal calf serum (Imperial 
Laboratories, Andover, Hampshire, England). An 
18%/52% Percoll density gradient (LKB-Pharmacia, 
Milton Keynes, Buckinghamshire, England) was rou- 
tinely used to remove dead cells and debris as de- 
scribed." Cells at the 18%/52% interface were recov- 
ered, washed in phosphate-buffered saline solution, 
and counted in a Neubauer hemocytometer. Cell via- 
bility was measured with the trypan blue dye exclusion 
test. The yield from decidua] tissue (wet weight 9.1 gm, 
range 3.1 to 16.3 gm) was 7.9 x 10° cells per gram wet 
weight (range 5.2 io 12.1). Viability was 83.1% (range 
69% to 91%) before and 71.2% (range 54% to 86%) 
after 18 hours’ incubation (n = 7), 

Antibody labeling and sorting. Term decidual cell’ 
dispersions were labeled with L243, a monoclonal an- 
tibody that recognizes the major histocompatibility 
complex class IJ antigen HLA-DR" and is specific for 
macrophages in this tissue,» -> followed by fluorescein 
isothiocyanate—conjugated goat antimouse immuno- 
globulin G (Sigma) as previcusly described.'® ' L243 
was Culture supernatant from cells obtained from the 
American Type Culture Collection, Rockville, Mary- 
land. The antibody-labeled cells were analyzed and 
sorted on an EPICS 541 flow cytometer as described.”® 
Dead cells were excluded by labeling with propidium 
iodide (Sigma) and debris was eliminated on the basis 
of size and granularity. The HLA-DR-positive and 
HLA-DR-negative cell populations were reanalyzed to 
determine their purity after sorting, which was ex- 
pressed as a percentage of total viable cells. Eleven per- 
cent (5% to 19%) of unfractionated term decidual cells 
were identified as HLA-DR-positive macrophages (me- 
dian and range; n = 7). Purity after sorting was 95% 
(94% to 95%) for the HLA-DR-positive cells, whereas 
the HLA-DR-negative cell populations were contami- 
nated with 3% (1% to 8%) HLA-DR-positive cells. The 
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total cell yields per sample obtained after labeling and 
sorting varied from 0.5 x 10° to 1.9 x 10° (median 
0.7) for the HLA-DR-positive macrophages and 0.9 x 
10° to 2.7 x 10° (median 1.5) for the nonmacrophages. 

Decidual cell incubation and PG estimations. Un- 
sorted single cell dispersions of term human decidua 
(n = 4) at a concentration of 4 x 10° cells per milliliter 
Dulbecco’s modified Eagle’s medium (Imperial Labs) 
containing 0.25% bovine serum albumin (fraction V 
Sigma) were incubated at 37°C in duplicate in 2 ml 
capped plastic vials (Luckham). Purifed human recom- 
binant TNF-a (British Bio-technology Limited, Cowley, 
Oxfordshire, England) was added at final concentra- 
tions of 0, 0.5, 1,5, and 10 nmol/L. Controls consisted 
of medium without cells. In view of the low cell yields, 
it was not possible to perform dose-response curves and 
time-course analyses on flow cytometrically sorted de- 
cidual cells. HLA-DR-positive and HLA-DR-negative 
cell populations (n = 3) were therefore incubated un- 
der conditions standardized on unsorted cells, and the 
effect of a single stimulus of TNF-a (10 nmol/L for 18 
hours) on their production of PGF,, was measured by 
RIA. 

Aliquots of conditioned medium were assayed for 
PGF, PGE, prostaglandin D, (PGD,), 13,14-dihydro- 
15-oxo-PGF,, (PGFM), and 13,]4-dihydro-15-oxo- 
PGE, (PGEM) by RIA with antisera raised against the 
prostaglandins as their methyl oximes as previously de- 
scribed. '® 5 The antibodies were a gift from Dr. R. Kelly, 
MRC Reproductive Biology Unit, Centre for Repro- 
ductive Biology, Edinburgh, Scotland. Cross-reactions 
of the prostaglandin—methyl oxime mixtures with the 
anti-PGF,, serum are as follows: PGF,,, 100%; PGE,, 
3.7%; arachidonic acid, <0.001% (Sigma); PGD,, 
0.08%, PGFM, 0.2%, PGEM, 0.04% (Cascade Biochem- 
icals Limited, University of Reading, Berkshire, En- 
gland); 11B-PGF,, 0.02% (a gift of Dr. R. Kelly). The 
sensitivity of the PGF,, assay was 6.0 fmol. Fifty percent 
displacement of the label was obtained with 43.5 fmol. 
Interassay and intraassay coefficients of variation were 
14.7% and 12.0%, respectively (n = 20 for both). Val- 
idation of PGE,, PGD,, PGFM, and PGEM assays are 
described elsewhere.'® * 

All assays were carried out in triplicate in 2 ml poly- 
propylene vials (Sarstedt). After overnight incubation 
at 4° C, separation of bound and unbound fractions 
was achieved by centrifugation with 0.8 ml of a poly- 
ethylene glycol solution (25% (wt/vol) in 50 mmol/L 
phosphate buffer (pH 7.0); BDH, Poole, Dorset, En- 
gland). The pellets were resuspended in 1 ml of 
OptiPhase-RIA scintillation fluid (LKB-Pharmacia) and 
counted (quench corrected) in a Beckman SC-5000-CE 
B-counter. 

Statistics. Prostaglandin production by human tis- 
sues does not follow a normal distribution; hence sta- 
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Fig. 1. Effect of TNF-a on prostaglandin production in human term decidual cells. Cells (4 x 10° 
cells per milliliter) were incubated at 37° C for 18 hours with TNF-e (final concentrations of 0, 0.5, 
1, 5, and 10 nmol/L). Prostaglandin levels were measured by RIA. Values are median from four 
separate experiments. For clarity, ranges have been omitted; but for instance, at 10 nmol/L TNF- 
a, median and range were as follows: PGF,,, 933 (663 to 1527); PGE,, 299 (96 to 347); PGD», 74 
' (34 to 82); PGFM, 563 (359 to 730); and PGEM, 270 (109 to 409). Asterisk, p < 0.05 compared with 


no TNF-a (Wilcoxon rank sum test}. 


tistical differences were analyzed with nonparametric 
(Wilcoxon and Kruskal-Wallis) tests. 


Results 


TNFa stimulation of prostaglandin production by 
unsorted term decidual cells. TNF-a stimulated PGE 
production by unfractionated term decidual cells in a 
dose-dependent fashion (Fig. 1}; in the presence of 10 
nmol/L TNF-a, PGF, output after 18 hours was sig- 


nificantly greater than when no TNF-a was added 
(p< 0.05). No stimulation was ev:dent after 3 or 6 
hours (data not shown). TNF-a did not affect the out- 
put of PGE,, PGD., PGFM, or PGEM by dispersed de- 
cidual cells at any time (shown at 18 hours, Fig. 1). 
U937 cells responded to TNF-a with a dose-depen- 
dent increase in PGE, production, which was evident 
after 3 hours (from 114 without to 307 fmol/ 10° cells 
per 3 hours with 10 nmol/L TNF-a). PGF,, output, 
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Fig. 2. Effect of TNF-a on PGF, production by HLA-DR sorted term decidual cells. Flow cyto- 
metrically purified HLA-DR-positive and HLA-DR-negative cells (4 x 10° cells per milliliter) were 
incubated at 37° C for 18 hours with or without 10 nmol/L TNF-a. PGF», levels were measured by 
RIA. Values are median + range from taree separate experiments. Asterisk, p < 0.05 compared with 
no TNF-a (Wilcoxon rank sum test); pound sign, p < 0.05 compared with both unsorted cells and 


nonmacrophages (Kruskal-Wallis test). 


however, remained undeteztable (1e., mean <28 
fmol/10° cells per 3 hours; n = 2). 

TNF-a stimulation of prostaglandin production by 
sorted decidual cells. TNF-a (10 nmol/L) caused a 
2.7-fold increase in PGF, output by L243-sorted de- 
cidual macrophages (HLA-DR-positive cells) from a 
median of 727 (range 423 to 1226) to a median o? 1974 
(range 1550 to 2201) fmol/_0® cells per 18 hours, as 
compared with only a 1.4-fold increase by the HLA- 
DR-negative, nonmacrophage cells, from 247 (range 
125 to 611) to a median of 340 (range 201 to 505) 
fmol/10® cells per 18 hours (n = 3) (Fig. 2). The pres- 
ence of TNF-a did not significantly affect cell viability, 
which after 18 hours was 64.0% with and 71.2% without 
10 nmol/L TNF-a. 


Comment 


The factors responsible for initiating human partu- 
rition remain unclear, but evidence suggests that de- 


cidual prostaglandins may constitute the final pathway 
toward both spontaneous labor at term?''* '” and pre- 
term labor.” '* In many cases preterm labor is associated 
with infection, and in chorioamnionitis inflammatory 
infiltration of the decidua or fetal membranes results 
in a large increase in prostaglandin release. A 
potential amplification cascade exists with lipopolysac- 
charide inducing the production of cytokines such as 
TNF-o,?* interleukin-1"°, and interleukin-6” within the 
decidua, thereby indirectly stimulating prostaglandin 
release. 

TNFa is produced by human decidua throughout 
pregnancy, and its messenger ribonucleic acid has been 
localized specifically to decidual macrophages. The ob- 
servations that decidual levels of TNF-a increase sig- 
nificantly on exposure to lipopolysaccharide in vitro*® 
and that TNF-a, although not detectable in the am- 
niotic fluid throughout normal pregnancy and labor, 
appears in relatively large amounts in the amniotic fluid 


Volume 167 
Number 3 


of between 20%* and 73%° of women in preterm labor 
associated with infection, supports the hypothesis that 
TNF-a may be involved in premature labor. 

-With RIA we have demonstrated a dose-dependent 
increase in the production of PGF, by term decidual 
cells in response to TNF-a, confirming previous results 
with decidual tissue explants,’ but we were unable to 
demonstrate any change in the output of PGE, PGD, 
PGFM, or PGEM. The increase in PGF,, must represent 
an increase in biosynthesis rather than decreased ca- 
tabolism, because PGFM levels did not decrease. Our 
results suggest that TNF-a selectively increases which- 
ever prostanoid predominates in a particular cell type. 
With human term decidual cells, TNF-a selectively in- 
creased production of PGF,,, the major prostaglandin 
produced by these cells,’* Y whereas U937 cells re- 
sponded to TNF-a by increasing PGE, output. The 
speed with which these two cell types responded to 
TNF-a also differed. Prostaglandin production by the 
monocyte cell line increased within 3 hours of TNF-a 
addition, but the decidual macrophages took a much 
longer time, up to 18 hours, to respond. It is possible 
therefore that the mechanism of action of TNFa varies 
between these two cell types. 

With flow cytometrically purified populations, we 
have demonstrated that, in human term decidua, mac- 
rophages have higher PGF}, PGE”, and PGD,” pro- 
duction rates compared with nonmacrophages. PGF,, 
output by these cells exceeds that of all other prosta- 
glandins.'? We also showed that the in vitro manipu- 
lations (for example, antibody labeling and flow cyto- 
metric sorting) do not significantly affect subsequent 
prostaglandin production.” In this study TNF-a stim- 
ulated PGF,, output by decidual macrophages, whereas 
HLA-DR-negative, nonmacrophage cells showed min- 
imal response. As a result, the proportion of total de- 
cidual PGF». production originating from the macro- 
phages increased with TNF-a from 27% to 42%. An 
increase in decidual PGF,, release—but not that of 
PGE, or PGD,—has been associated with spontaneous 
labor at term.’*'? Whether this association is true also 
of preterm labor is not clear. 

Our data suggest that the action of TNF-a on human 
decidua may be mediated by an autocrine or paracrine 
mechanism in which TNF-a released by decidual mac- 
rophages on exposure to lipopolysaccharide® may in- 
duce stimulation of PGF,, production by macrophages, 
thereby precipitating preterm labor. Human term de- 
cidua produces a number of other biologically active 
cytokines, including interleukin-1'° and interleukin-6,” 
which are capable of stimulating prostaglandin pro- 
duction. Studies are currently under way to further 
define the mechanism of prostaglandin stimulation and 
to investigate the effect of other cytokines on flow cy- 
tometrically purified cell populations of human term 
decidua. 
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Physiologic baroreceptor activity in the fetal lamb 


Akihiko Wakatsuki, MD, Yuji Murata, MD, Yuko Ninomiya, MD, Naoki Masaoka, MD, 


James G. Tyner, and Krishna K. ‘Kutty 
Orange, California 


OBJECTIVE: We investigated the influences of gestational age and behavioral state on fetal baroreceptor 


activity. 


STUDY DESIGN: Two protocols were used to maya low-voltage fast activity and high-voltage slow 
activity in eight chronically instrumented ovine fetuses at days 127 to 142. In protocol 1 correlation of fetal 
heart rate to mean arterial blood pressure was assessed under physiologic conditions, and the linear 
regression slope of fetal heart rate on mean arterial pressure was calculated. In protocol 2 an injection of 
7.5 pg of norepinephrine was given during consecutive behavioral cycles. The ratio of fetal heart rate 
decrease to mean arterial pressure increase was determined as representing baroreceptor activity. 
RESULTS: Under prctocol 1 the slope was steeper in high-voltage slow activity (2.33 + 1.03) than in 
low-voltage fast activity (0.89 + 0.37) (n = 21, p < 0.001), indicating that fetal heart rate changes are 
sensitive to blood pressure changes during high-voltage slow activity. Under protocol 2 inverse 
relationships were found between the ratio of fetal heart rate decrease to mean arterial pressure increase 
and gestational age in low-voltage fast activity and high-voltage slow activity. 

CONCLUSION: Fetal baroreceptcr activity increased during high-voltage slow activity and decreased with 


gestational age. (Am J OpsteT GYNECOL 1992;167:820-7.) 


Key words: Baroreceptor ref-ex activity, fetal lamb, behavioral state, gestational age 


Heart rate decelerations have been frequently ob- 
served in human fetuses before 30 weeks’ gestation,’ 
in animal fetuses born prematurely,* and in human 
neonates.’ The mechanism o? these decelerations may 
be reflex vagal nerve mediated.? It has been reported 
that the increase in cholinesterase activity during ges- 
tation may help protect the mature fetus from severe 
bradycardia.t The physiologic implications of fetal 
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heart rate (FHR) decelerations at early gestational ages 
and during the quiet behavioral state are not under- 
stood well enough to apply in clinical practice in peri- 
natal medicine. 

The purpose of this study was to quantitatively eval- 
uate baroreceptor reflex activities at differing gesta- 
tional ages and behavioral states in chronically instru- 
mented fetal lambs. 


Material and methods 


Surgical preparation. The fetal lambs of eight time- 
mated Columbia-Rambouillet cross-bred sheep were 
chronically instrumented between 127 and 142 days’ 
gestation (term 145 days). 

All animals were maintained in a facility approved 
by the American Association for the Accreditation of 
Laboratory Animal Care and in accordance with the 
National Institutes of Health Guide for the Care and Use 
of Laboratory Animals. Before implementation research 
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Fig. 1. Arterial blood pressure (FBF) and FHR response after 7.5 pg norepinephrine bolus injection 


in the fetal lamb at 140 days of gestation. 


protocols were approved by the Animal Research Com- 
mittee, University of California, Irvine. 

After 24 hours of fasting, the ewe was given 12 to 
14 mg xylazine (Rompun) anesthetic intramuscularly, 
with 1% lidocaine used locally as needed. With the ewe 
in the lateral position the uterus was exposed by a mid- 
line abdominal incision. The fetal head was delivered 
through achysterectomy incision and covered with a 
surgical glove filled with warm saline solution. Cathe- 
ters were inserted in the fetal carotid artery, jugular 
vein, and trachea. The electrodes for electrocardiog- 
raphy were sutured under the skin of the fetal thorax. 
Paired stainless steel screw electrodes were placed bi- 
laterally in the parietal skull for electrocardiozgram re- 
cording. The FHR was obtained from the electrocar- 
diogram. An open-end catheter was placed in the am- 
niotic cavity to measure intrauterine pressure. Addi- 
tional catheters were placed in the maternal femoral 
artery and vein for blood pressure and drug admin- 
istration. All catheters and electrodes were exteriorized 
to the flank of the ewe. 

Experimental procedure. The animals were kept in 
an air conditioned facility with food and water available 
as desired. Intravenous ampicillin (200 mg/kg per day) 
and gentamicin (6 mg/kg per day) were administered 
after surgery to mother and fetus, with ampicillin 
(1 gm/day) administered into the amniotic cavity for 3 
to 4 days. Maternal and fetal arterial pH, blood gases, 
and hematocrits were checked daily. For the determi- 
nation of pH and gases approximately 0.6 ml of arterial 


blood was collected anaerobically and measured by 
Corning pH/blood gas analyzer, model 168 BGA (Ciba 
Corning Diagnostics, Medfield, Mass.) at 37° C. Fetal 
well-being was determined by the following criteria: 
pH > 7.30, Po, > 16 mm Hg, Pco; < 50 mm Hg, he- 


- matocrit > 30%. Feta] arterial blood pressure, FHR, 


electrocorticogram, tracheal pressure, intrauterine 
pressure, and maternal blood pressure were continu- 
ously monitored after the surgery by polygraph (eight- 
channel rectilinear recorder, model R612, Sensor Med- 
ics, Anaheim, Calif.). Values of fetal blood pressure 
were corrected with intrauterine pressure as reference. 
Fetal behavioral states were analyzed from the electro- 
corticogram for low-voltage fast activity and high-volt- 
age slow activity. 

Experiments were performed on or after the fifth 
postoperative day. All experiments were carried out 
between 9 AM and 5 pm with the ewe standing or lying 
quietly. 

In five fetal lambs FHR and mean arterial pressure 
were measured every 30 to 60 seconds during stable 
physiologic periods of 1.5 hours when both low-voltage 
fast activity and high-voltage slow activity states alter- 
natively appeared. These states were determined ret- 
rospectively by electrocorticogram, and the measure- 
ments were taken at least 3 to 5 minutes after the start 
of a new state when these states were well established 
on electrocorticogram. A regression line for mean ar- 
terial pressure versus FHR was obtained. If the rela- 
tionship was statistically significant, the regression line 
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Fig. 2. Relationshis of FHR to mean arterial pressure (MAP) in high-voltage slow activity (HSVA) 
(closed circles) and low-voltage fast activity (LVFA) (open circles). Regression equations are as follows: 
LVFA: FHR = 24E — 2.01 (mean arterial pressure), r = 0.66, p < 0.001; high-voltage slow activity: 
FHR = 314 — 3.79 (mean arterial pressure), r = 0.88, p < 0.001. 


Table I. Comparison of regression for FHR on mean arterial blood pressure of fetal lambs during 


low-voltage fast activity and high-voltage slow activity states 


Gestational age 
Sheep No. (days) 





89-16 136 
14] 
89.17 130 
134 
136 
140 
142 
89-18 129 
133 
135 
137 
139 
90-05 131 
137 
90-06 129 
131 
132 
133 
134 
136 
14] 


All are statistically significant at p < 0.01. 


slope was considered to represent baroreceptor reflex 
activity. 

In six fetal lambs 7.5 pg of norepinephrine was in- 
jected intravenously during consecutive behavioral 
states (two to 10 times). At least 10 minutes elapsed 
between successive norepinephrine injections. The ra- 
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tio of maximal FHR decrease to maximal mean arterial 
pressure increase (AFHR/ AMAP) response to the nor- 
epinephrine injections (Fig. 1) was calculated to quan- 
titatively represent fetal baroreflex activity.® 

The standard dose of norepinephrine and the 
AFHR/AMAP ratio were determined from pilot ex- 
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periments conducted on three fetal lambs at 127, 129, 
and 138 days’ gestation, respectively. In these norepi- 
nephrine was injected at five doses (2.5, 5.0, 7.5, 10.0, 
and 15.0 wg). The relation between AFHR and 
AMAP and norepinephrine dosage in low-voltage fast 
activity and high-voltage slow activity states was ob- 
served. 

Data analysis. The differences between low-voltage 
fast activity and high-voltage slow activity behavioral 
states were analyzed by paired ¢ test and found signif- 
icant. The regression line was analyzed by the least- 
squares method, and regression slopes were compared 
by ¢ test regression analysis.’ Statistical significance was 
accepted at p<0.05. All data were reported as 
mean + SD. 


Results 


Fig. 2 demonstrates an example of the regression 
analysis of FHR on mean arterial pressure in both be- 
havioral states, with the slope of the regression line 
steeper during high-voltage slow activity than low-volt- 
age fast activity (p < 0.001, ¢ test). Table I compares 
both behavioral states for five fetal lambs. All regression 
lines achieved statistical significance (p < 0.01). The 
high-voltage slow activity (2.33 + 1.03) slope is signif- 
icantly steeper than that of low-voltage fast activity 
(0.89 + 0.37) (n = 21, p < 0.001). 

In the basic norepinephrine dose-response experi- 
ment strong positive correlations were obtained be- 
tween AFHR and norepinephrine dosage (2.5, 5.0, 7.5, 
10.0, and 15.0 wg) in both behavioral states (Fig. 3). 
Similarly, strong positive correlations were found be- 
tween AMAP and norepinephrine dosage (Fig. 4). On 
the basis of these results, 7.5 ug norepinephrine was 
selected as a standard dose because AFHR and AMAP 
at this level achieved approximately 50% of the maxi- 
mal norepinephrine dosage response. In addition, 
strong positive correlations were found between AFHR 
and AMAP in both behavioral states (Fig. 5). From this 
result the ratio of AFHR and AMAP was also used as 
an index of baroreceptor reflex function. 

To assess tachyphylaxis of the response reflex, 
AFHR, AMAP, and the ratio of AFHR/AMAP were 
compared for the first and last norepinephrine injec- 
tion in both behavioral states. No significant ditference 
(paired £ test) was found between the values for the first 
and last norepinephrine injection (Table IT). 

Fig. 6 shows the ratio of AFHR/AMAP in response 
to sequential standard norepinephrine injections for 
each animal. In 80 observations the ratio was signifi- 
cantly higher in high-voltage slow activity (2.73 + 0.74 
beats/min per 1 mm Hg) than in low-voltage fast ac- 
tivity state (1.85 + 0.78 beats/min per 1 mm Hg) 
(p<0.001, paired ¢ test). Significant inverse rela- 
tionships were found between the AFHR/AMAP 
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Fig. 3. Relationship between AFHR and norepinephrine (NE) 
doses (2.5, 5.0, 7.5, 10.0, and 15.0 pg) in low-voltage fast 
activity (LVFA) and high-voltage slow activity (HSVA) state for 
three different fetal lambs. 


ratio and gestational age in both behavioral states 
(Fig. 7). 


Comment 


Several investigators have confirmed the fall of FHR 
attributable to baroreceptor mechanisms*'* and that 
baroreceptor activity was present as early as 85 days of 
gestation.*® Dawes et al. reported that in the human 
the presence of decelerations during 28 to 41 weeks of 
gestation was common (18%) in records with normal 
neonatal outcome. 

To determine the baroreceptor reflex function, two 
techniques were used in this study. First, in observations 
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Fig. 4. Relationship between AMAP and norepinephrine (NE) 
doses (2.5, 5.0, 7.5, 10.0 and 15.0 wg) in low-voltage fast ac- 
tivity (LVFA) and high-voltage slow activity (HVSA) state for 
three different fetal lambs. 


of mean arterial pressure ard FHR under physiologic 
conditions the slope of a linear regression line of FHR 
on mean arterial pressure was assessed. The slope was 
steeper in the high-voltage slow activity than in the low- 
voltage fast activity state. This result suggests that baro- 
receptor reflex function is higher in the high-voltage 
slow activity than in the low-voltage fast activity 
State. 

In 1980 Dawes et al. reported the threshold for 
baroreceptor response to be above the range of the 
normal fetal arterial pressure. They suggested that 
baroreflexes would be elicited only by a large change 
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Fig. 5. Relationship between AFHR and AMAP (2.5, 5.0, 7.5, 
10.0, and 15.0 wg) in low-voltage fast activity (LVSA) and high- 
voltage slow activity (HSVA) state for three different fetal 
lambs. 


in pressure and would not be important factors in 
normal physiologic FHR regulation or in buffering 
blood pressure in fetal life. In contrast, Itskovitz 
et al. concluded that arterial baroreceptors play 
an important role in regulating fetal circulation even 
under normal physiologic conditions. In the current 
study the linear regression between FHR and mean 
arterial pressure during physiologic conditions dem- 
onstrated that there is active baroreceptor regulation 
of the fetal cardiovascular system under physiologic 
conditions. 

The relationship between cardiac rhythm and arte- 
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Fig. 6. Ratio of AFHR to AMAP in response to 7.5 wg norepinephrine injection to six animals at 
sequential behavioral states for each animal (high-voltage [HV] high-voltage slow activity; low-voltage 
[LV], low-voltage fast activity). Ratio was significantly greater in high-voltage slow activity state 


(p < 0.001, paired ¢ test, 80 pairs). 


Table II. Values of AFHR, AMAP, and AFHR/AMAP ratio at first and last norepinephrine injections 
during low-voltage fast activity and high-voltage slow activity states 


Low-voltage fast activity 


AFHR (beats/min) 
AMAP (mm Hg) 
AFHR/AMAP 

(beats/min per 1 mm Hg) 


41.00 + 13.77 
22.54 + 6.07 
2.07 + 0.99 


15 
15 


Values are mean £ SD. 


rial blood pressure has been examined as an indicator 


of baroreceptor reflex functions in human'* * and 
‘animal® 5 > 1? 15-1699 studies, A number of workers have 
studied baroreceptor behavior in the fetal and neonatal 
lamb.*:* '* 3-16 The ratio of AFHR/AMAP after a-sym- 
pathetic stimulator injection has been confirmed to in- 
dicate baroreceptor reflex activity. Norepinephrine 
may exert direct B-adrenergic effects on the myocar- 
dium. In the current study use of norepinephrine to 
elevate blood pressure resulted in a significan: positive 
correlation between AFHR and AMAP at all norepi- 
nephrine dose levels. Wang and Borison” reported that 
the earliest component influencing heart rate was vagus 
and that the sympathetic component developed more 
slowly. According to Coleman,° pressor drug injection 
produced vagal reflex deceleration 1 second after the 
maximum blood pressure response, and this change in 
heart rate occurred before any appreciable B-sympa- 
thetic component developed. There appears to be little 


First Last First 
n norepinephrine norepinephrine norepinephrine 
15 


High-voltage slow activity 


Last 
norepinephrine 


39.67 + 8.76 59.75 + 17.88 57.06 + 12.37 
21.32 + 5.24 21.54 + 5.19 20.8) + 5.44 
2.09 + 0.96 3.08 + 1.63 3.06 + 1.29 


or no norepinephrine B-adrenergic contribition in the 
ratio. 

Norepinephrine injection was repeated two to 10 
times during sequential behavioral states. To examine 
for tachyphylaxis, AFHR, AMAP, and the ratio of 
AFHR/AMAP for first and last norepinephrine injec- 
tions were compared. The absence of significant dif- 
ferences suggests minimal possibility of norepineph- 
rine tachyphylaxis in the current study. 

In 80 observations the ratio was significantly higher 
in the high-voltage slow activity than in the low-voltage 
fast activity state. This suggests that the sensitivity of 
baroreceptor regulator function is higher in the high- 
voltage slow activity state. Dawes et al.’ estimated baro- 
receptor sensitivity as the slope of heart period on ar- 
terial blood pressure produced by either balloon infla- 
tion or pressor drugs. The values they obtained did not 
differ during the low-voltage fast activity and high- 
voltage slow activity state. However, Zhu and Szeto” 
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Fig. 7. Relationship between AFHR/AMAP and gestational age in low-voltage fast activity 


(closed circles) and high-voltage slew 


activity (open 


circles). Low-voltage fast activity: 


AFHR/AMAP = 24.60 — 0.17(gestational age), n = 53, p<0.001; high-voltage slow activity: 
AFHR/AMAP = 19.00 — 0.12(gestational age), n = 52, p < 0.001. 


observed FHR and mean arterial pressure after a-ad- 
renergic receptor blocker infusion and speculated that 
baroreceptor sensitivity was increased during the high- 
voltage slow activity state in the fetal lamb. Moreover, 
Baccelh et al.” reported that the baroreceptor reflex 
was diminished in rapid-eye-movement sleep in the 
adult cat. 

The ratio decreased significantly with gestational age 
in both behavioral states, thus suggesting that barore- 
ceptor refiex activity decreases as gestational age ad- 
vances. A number of studies have reported variable 
results as to the sensitivity of the fetal baroreceptor at 
different gestational ages. Shinebourne et al? ex- 
pressed fetal baroreceptor as the slope of the relation- 
ship of blood pressure change elicited by balloon infla- 
tion and R-R interval or heart rate and reported that 
sensitivity increased through gestation. Maloney et al.® 
found no gestational change of baroreceptor sensitivity 
with aortic balloons; however, the sensitivity was less in 
the neonate than in the fetus. Other investigators also 
detected no gestational change in baroreceptor sensi- 
tivity but concluded that the sensitivity was less in the 
fetus than in the neonate” or adult.'® 

In the recent studies Blanco et al.” recorded carotid 
sinus nerve activity in the fetal lamb. They used occlu- 
sion of the aorta to elicit baroreflex response and re- 
ported that the steep slope demonstrating the relation- 
ship between mean nerve discharge frequency and 
mean blood pressure decreased throughout the mea- 
surement periods (88 to 144 days’ gestation, I] to 40 
days in the neonatal perioc). Scroop et al.’ assessed 
baroreceptor function by analyzing the response of ar- 


terial blood presusre to angiotensin II with correspond- 


‘ing changes in heart rate or R-R period and concluded 


that baroreceptor sensitivity was less in the neonate 
than in the fetus. These reports are consistent with the 
results of the current study. Drug-induced blood pres- 
sure changes show an increase with advancing neonatal 
age and during the transition from fetus to neonate.” 
Drug-induced changes in blood pressure may result 
from modification of baroreceptor reflex function dur- 
ing fetal to neonatal development. However, the mech- 
anism for the differer.ce of fetal baroreceptor reflex 
function reported in the current study is still unclear. 
Other studies have reported that reduced baroreceptor 
sensitivity was observed with various forms of hyper- 
tension in both animal” and human" and that this usu- 
ally has been considered a secondary phenomenon re- 
sulting from prolonged exposure to hypertension. In 
addition, several reports have shown that volume load- 
ing reduced baroreceptor sensitivity.” During the fetal 
period arterial blood pressure and blood volume in- 
crease with gestational age. In the current study a pos- 
itive correlation was obtained between arterial blood 
pressure and gestational age, no doubt reflecting a pro- 
cess of continuing change of baroreceptor feedback 
control and sensitivity during fetal life. Many studies 
have reported a correlation between fetal arterial blood 
pressure and behavioral states, and some have con- 
cluded fetal mean arterial blood pressure was higher 
during the high-voltaze slow activity than during the 
low-voltage fast activity state.” *’ According to Zhu and 
Szeto,”) however, no significant difference in arterial 
blood pressure was found between high-voltage slow 
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activity and low-voltage fast activity behavioral states. 


In the current study, similar to their report, no signif- . 


icant difference was observed between these behavioral 
states. The observed difference of baroreceptor sen- 
sitivity in both behavioral states remains to be ex- 
plainéd. 
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Estrogen-induced uterine vasodilatation is antagonized by 


L-nitroarginine methyl ester, an inhibitor of nitric 


oxide synthesis 


George A. Van Buren, MD, Da-seng Yang, MD, and Kenneth E. Clark, PhD 


Cineinnatt, Ohio 


OBJECTIVES: Our study was designed to determine whether nitric oxide mediates estrogen-induced 


increases in uterine blood flow. 


STUDY DESIGN: Six nonpregnant oophorectomized ewes were instrumented with uterine artery flow 
probes and catheters. Ewes received estradiol-178 1 g/kg, which maximally increased uterine blood flow 
by 120 minutes. Each animal then received local bolus injections of the nitric oxide synthetase inhibitor 


L-nitroarginine methyl! ester. 


RESULTS: Estradiol-178 increased uterine blood flow fram 16 + 6 to 139 + 32 ml/min by 120 minutes. 
Loca] uterine artery administration of L-nitroarginine methyl ester (1 to 30 mg) caused a 

dose-related decrease in uterine blood flow, which reacted a maximum of 59% + 6% inhibition. Higher 
doses of L-nitroarginine methy! ester <10 mg/kg (330 to’ 460 mg) given locally led to a maximum inhibition 


of 79% + 3% but showed systemic responses. 


CONCLUSION: Estradioi-178—induced increases in utetine blood flow are mediated mainly by nitric oxide; 
the observed vasodilation can be antagonized by the int-aarterial administration of nitric oxide synthetase 
inhibitor L-nitroarginine methyl ester. (Am J Osstet GYNESOL 1992;167:828-33.) 


Key words: Estrogen, uterine vasodilatation, encothelium-derived relaxing factor, 


L-nitroarginine methyl ester — 


Estrogen induces significant uterine vasodilatation in 
nonpregnant sheep; this vasodilatation is characterized 
by a 35- to 45-minute delay in onset and is followed by 
a peak uterine blood flow response between 110 and 
120 minutes.’* Local uterine artery administration of 
estrogen in nonpregnant sheep uterine circulation re- 
sults in a unilateral local response.''* * This response is 
interpreted to mean that local production of a vaso- 
dilatory substance is responsible for increased uzerine 
blood flow. Although the identification of this vasodi- 
latory substance or second mediator is currently un- 
known, numerous vasoactive substances have previ- 
ously been implicated as the potential mediators be- 
cause of their vasodilatory action. These agents include 
adenosine, acetylcholine, bradykinin, histamine, and 
prostaglandins.*” To date, no specific antagonist has 
been able to inhibit or antagonize estrogen-induced va- 
sodilatation. However, the uterine vascular response 
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has been delayed by the infusion of the protein syn- 
thesis inhibitor cycloheximide, suggesting that estrogen 
may act by inducing the production of either a poly- 
peptide or an enzyme that ultimately mediates vaso- 
dilatation.’ 

Endothelium-derived relaxing factor is a locally pro- 
duced agent that causes relaxation of vascular smooth 
muscle and vasodilatation in various in vitro and in vivo 
preparations.® °’ It is known that endothelium-derived 
relaxing factor and nitric oxide have similar chemical 
and pharmacologic properties, leading to the sugges- 
tion that endothelium-derived relaxing factor may be 
nitric oxide.'®''! Nitric oxide is produced and released 
from endothelial cells during the enzymatic conversion 
of L-arginine to L-citrulline’*"; it has been shown that 
analogs of L-arginine can act as competitive inhibitors 
of nitric oxide synthetase (Fig. 1), leading to reduced 
production of nitric oxide.” '* Our experiment was de- 
signed to test the hypothesis that nitric oxide mediates 
estrogen-induced uterine vasodilatation and that the 
competitive inhibition of nitric oxide synthetase by L- 
nitroarginine methyl ester can antagonize the uterine 
effects of estrogen. 


Material and methods 

Surgical procedure. Six nonpregnant ewes of mixed 
breeds weighing between 33 and 54 kg were fasted for 
48 hours; water was withheld for 24 hours before the 
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L-CITRULLINE 


Fig. 1. Schematic diagram of nitric oxide synthetase pathway in which L-arginine is converted to L- 
citrulline, giving off nitric oxide in endothelial cells, which leads to stimulation of cyclic guanosine 
monophosphate in vascular smooth muscle and vasodilation. L-nitroarginine methyl ester (L-NAME) 
competes with L-arginine as substrate for nitric oxide (NO) synthetase and is able to block synthesis 


of nitric oxide, VSM, Vascular smooth muscle. 


operation. On the day of the operation animals were 
sedated with pentobarbital (12 mg/kg intravenously) 
and given a hyperbaric spinal (Pontocaine [tetracaine] 
hydrochleric acid 12 mg). The femoral artery and vein 
were cannulated with polyvinyl catheters (0.050 
inch x 0.990 inch Tygon microbore). Both middle 
uterine arteries were dissected free from the broad lig- 
ament and fitted with electromagnetic flow probes 
(Dienco RF-1000, Los Angeles) for continuous uterine 
blood flow determinations. A lateral branch of the uter- 
ine artery was cannulated with polyvinyl catheters 
(0.040 inch x 0.070 inch) and threaded proximally to 
the bifurcation for the local administration of com- 
pounds to be tested. All animals were bilaterally oo- 
phorectormized to prevent cyclic fluctuations in estro- 
gen levels; these animals received a bolus injection of 
1 pg/kg of estradiol-178 daily to prevent uterine atro- 
phy. All catheters were tunneled subcutaneously to 
flank, exteriorized, and stored in a cloth pouch. The 
animal was then allowed free access to food and water 
and was allowed a postoperative recovery period of 
between 5 and 7 days. All catheters were flushed every 
other day with heparin (1000 U/ml) to maintain pa- 
tency. All surgical procedures were approved by the 
University of Cincinnati Institutional Animal and Care 
and Use Committee. 

Physiologic measurements. On the day of experi- 
mentation animals were brought to the recording room 
and allowed at least a 60-minute period to become ac- 


climated before experiments began. Animals were con- 
nected to recorders (R-612, Sensor Medic, Fullerton, 
Calif); systemic arterial blood pressure was monitored 
with pressure transducers (Micron MP 15, Micron In- 
struments, Los Angeles), and heart rate was assessed 
with a cardiotachometer (Sensor Medic). Right and left 
uterine blood flows were measured by square-wave 
electromagnetic flow meters (Dienco RF 1000) and all 
parameters were continuously recorded on a pen-writ- 
ing recorder (R612, Sensor Medic). 

‘Drug preparations. Estradiol-178 was prepared as a 
stock solution of 100 ug/ml in absolute ethyl alcohol. 
Before administration to the shee, the stock solution 
(approximately 0.5 cm*) was diluted with sterile saline 
solution to a final volume of 3 ml to provide a final 
dose of estradiol-178, 1 pg/kg body weight. L-nitroar- 
ginine methyl ester (Sigma Chemical Co., St. Louis) was 
diluted in 1 ml sterile saline solution just before ad- 
ministration. Vehicles for L-nitroarginine methyl ester 
(pH-matched saline solution) and estrogen (alcohol- 
matched saline solution) were evaluated. 

Experimental protocol. Estradiol-178 (1 wg/kg) was 
administered via the femoral vein catheter and the uter- 
ine blood flow, systemic blood pressure, and heart rate 
were recorded in six animals. Estrogen-induced in- 
creases in uterine blood How reached a maximum be- 
tween 110 and 120 minutes. In the first protocol 
L-nitroarginine methyl ester was administered locally 
into one uterine artery as a I ml bolus containing 0.1, 
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Fig. 2. Increases in uterine blood flow as percent of maximum response to ] pg/kg of estradiol- 
178 versus time in minutes. Beginning 120 minutes after estradiol-178, L-nitroarginine methyl ester 
(LNAME, a nitric cxide synthetase inhibitor), was administered as intraarterial bolus injections of 
increasing doses in milligrams. Each point represents mean + standard error of six animals. UBF, 


Uterine blood flow. 


1, 3, 10, or 30 mg given over a period of 30 seconds; 
uterine blood flow, maternal blood pressure, and heart 
rate responses were recordec. The uterine artery on 
the contralateral side received injections of an equal 
volume of the L-nitroarginine methyl ester vehicle, sa- 
line solution. Doses of L-nitroarginine methyl ester 
were given an increasing order at 10-minute intervals 
to produce a cumulative dose-response curve. Because 
the estrogen-induced increases in uterine blood flow 
were only inhibited by 59% + 6% in the first protocol, 
four of the animals received higher intraarterial injec- 
tion of L-nitroarginine methyl ester in a second pro- 
tocol. The doses used (0.1, 0.3, 1, and 10 mg/kg of 
maternal body weight) produced greater reductions in 
the estrogen-induced increases in uterine blood flow 
and also showed systemic bload pressure and heart rate 
responses. . 

Data analysis. Systemic arterial blood pressure, heart 
rate, and uterine blood How were recorded before and 
after administration of estradiol-17B. Subsequently, we 
administered bolus intraarterial injections of L-nitroar- 
ginine methyl ester in the uterine arteries, and systemic 
arterial blood pressure, heart rate, and uterine blood 
flow responses were recorded. Data were analyzed by 
analysis of variance and Duncan new multiple range 
test. The level of significance was p < 0.05. 


Results 


Estradiol-17B (1 pg/kg) produced a profound in- 
crease in uterine blood flow (Fig. 2, left side) between 


30 and 40 minutes after estradiol-178 administration 
and reached a maximum flow between 110 and 120 
minutes. The uterine blood flow increased from a base- 
lne of 16 + 6 ml/min to a maximum of 139 + 32 
ml/min (mean + SEM) 120 minutes after estradiol-178 
administration and remained stable for several hours 
if no antagonist was administered. 

Local uterine artery injections of L-nitroarginine 
methyl ester in doses ranging from 0.1 to 30 mg pro- 
duced a significant dose-dependent decrease in estro- 
gen-induced increases in uterine blood flow in all six 
animals tested (Fig. 2, right side) without having any 
effects on systemic arterial blood pressure or heart rate 
(Table I). Because of the variability of the response of 
individual animals to estrogen (maximum increase 
ranged from 70 to 240 ml/min), L-nitroarginine 
methyl ester~induced changes were expressed as a per- 
cent change from maximum increases in uterine blood 
flow induced by estradiol-178 (1 pg/kg). Doses were 
not corrected for uterine blood flow because cumulative 
dose-response curves would have required adjustment 
after each dose. All doses of L-nitroarginine methyl 
ester in protocol 1 >1 mg produced significant de- 
creases in estrogen-induced increases in blood flow. 
The local uterine L-nitroarginine methyl ester (1 to 30 
mg) injections caused a decrease in uterine blood flow 
after a delay of 1 to 2 minutes, produced the maximum 
decrease in uterine blood flow at approximately 4 to 5 
minutes, and stabilized between 9 and 10 minutes after 
the local administration of L-nitroarginine methyl ester. 
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Table I. Percent change in mean arterial pressure, heart rate, and uterine blood flow in response to 


L-nitroarginine methyl ester 


Mean arterial 
pressure 


Dosage No. 


Protocal 1: Local L-nitroarginine 
methyl ester boluses (mg) 


0.1 5 om Soe] 
0.3 5 wg 
1.0 5 ey: eed 
3.0 6 rea 
10.0 6 a Ea 
30.0 6 4+3 
Protocol 2: Local L-nitroarginine 
methyl ester boluses (mg/kg) 
0.1 3 l3 
03 3 3+5 
1.0 4 LÆ 
3.0 4 Fal 
10.0 4 ya 


*Significantly different from baseline, p < 0.05. 


At the 30 mg dose of L-nitroarginine methy] ester es- 
trogen-induced increases in uterine blood flow 
were suporessed by 59% + 6%, and absolute blood 
flow decreased from 139 + 32 to 58 + 17 ml/min 
(p = 0.007, paired ¢ test). In the three animals in which 
we monitored uterine blood flow in the contralateral 
horn, administration of L-nitroarginine methyl ester at 
the 30 mg dose resulted in a nonsignificant decrease in 
uterine blood flow (16% + 8%); however, in the six 
animals no significant changes were observed in sys- 
temic arterial blood pressure or heart rate (Table I). 
In the protocol 2 we administered higher doses of L- 
nitroarginine methyl ester (0.1, 0.3, 1, 3, and 10 
mg/kg of maternal body weight, i.e., 3 to 460 mg) lo- 
cally into the uterine artery to determine whether we 
could increase the magnitude of the inhibition. L-Ni- 
troarginine methyl ester decreased uterine blood flow 
in a dose-dependent fashion from a baseline of 
111 + 16 to 25 + 10 ml/min, resulting in a significant 
decrease in the estrogen response of 79% + 3% at the 
10 mg/kg dose (Table I). In these studies in which the 
higher doses of L-nitroarginine methyl ester were used, 
uterine blood flow was significantly decreased in the 
side that did not receive L-nitroarginine methyl ester 
directly (contralateral side) by 40% + 12% (124 + 48 
to 58 + 8 ml/min) at the 10 mg/kg dose (Table I). In 
addition, the 10 mg/kg dose of L-nitroarginine methyl 
ester was associated with systemic and local effects. In 
these animals arterial blood pressure increased by 
17% + 1% from a baseline of 96 +5 mm Hg to 
113 + 6 mm Hg (p = 0.001, paired ¢ test), and heart 
rate decreased 31% + 6% from a baseline value of 





Uterine blood flow 


L-Nitroarginine 
methyl ester Saline solution 


Heart rate 

03 — J0 +8 — 
02 3 -~ [6 + -1348 
—4 +2? — 24 + -9+6 
—] +2 — 28 + —~]2 +9 
—~§ +] ~5) + ~l4+8 
-6 +4 —~59 + 6 -16+9 
—] +4 ~94 +9 4+ 3 
—7 + |* —~37 + 10 -2+5 
19 + 3* -63 + 5* -8+9 
29 + 5* — 76 + 6* —~26 + 11* 
31+ 6 —79 + 3* —40 + 12% 


76 + 9 beats/min to 53 + 6 beats/min (Table I). These 
data suggest that in the presence of estrogen, admin- 
istration of L-nitroarginine methyl ester can have sig- 
nificant effects on both systemic and uterine hemo- 
dynamics. 


Comment 


Our study used chronically instrumented, unanesth- 
etized, nonpregnant, oophorectomized sheep to deter- 
mine the effect of direct intraarterial administration of 
the nitric oxide synthetase inhikitor L-nitroarginine 
methyl ester on estrogen-induced increases in uterine 
blood flow. Local injections of doses of L-nitroarginine 
methyl ester (1 to 30 mg) caused local decreases in 
uterine blood flow while avoiding systemic alterations 
in blood pressure that could directly influence uterine 
blood flow. When doses of L-nitroarginine methyl ester 
were increased to 10 mg/kg of total body weight, uter- 
ine blood flow was inhibited in bota uterine horns, sys- 
temic arterial pressure increased significantly, and the 
heart rate decreased significantly. Thus it appeared that 
administration of L-nitroarginine methyl ester can an- 
tagonize the effects of estrogen whether given locally 
or after reaching the contralateral uterine vasculature 
through the systemic circulation. 

Estrogens have been shown to increase uterine blood 
flow after both local and systemic admuinistration.'” Es- 
trogen-induced uterine vasodilation has been demon- 
strated in a number of species, including the nonpreg- 
nant oophorectomized ewe and to a lesser degree the 
gravid ewe.’* * The mediator responsible for estrogen- 
induced vasodilation is currently unknown. 
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Endothelium-derived relaxing factor is produced 
and released locally from endothelial cells and pro- 
duces relaxation of vascular smooth muscle. Endothe- 
lium-derived relaxing factor is released in response to 
both increased blood flow over endothelial cells and 
vasoactive substances such as acetylcholine.® * '* 9 En- 
dothelium-derived relaxing factor shares biochemical 
and pharmacologic properties so closely with nitric ox- 
ide that it has been proposed that the two substances 
are identical.'® '’ Nitric oxide is synthesized by nitric 
oxide synthetase, with L-arginine serving as the pre- 
cursor substrate.'*"* The vascdilatory effects of both 
endothelium-derived relaxing factor and nitric oxide 
are ultimately mediated through stimulation of soluble 
guanylate cyclase.” 

Competitive antagonists of nitric oxide synthetase 
such as N-monomethyl-L-arginine or L-nitroarginine 
methyl ester reduce production of nitric oxide by in- 
hibiting nitric oxide synthetase.'’® '**! Our study dem- 
onstrates that estrogen-induced vasodilatation can be 
antagonized in a dose-dependent fashion by the local 
uterine artery administration of L-nitroarginine methyl 
ester, a nitric oxide synthetase inhibitor. We envision 
that estrogen could possibly work via one of two mech- 
anisms. Estrogen may increase the transport of L-ar- 
ginine into the endothelial cell by induction of a trans- 
port carrier protein or may induce the nitric oxide syn- 
thetase enzyme responsible ior generation of nitric 
oxide. Several inhibitors are specific for both L-arginine 
transport and blockade of nitric oxide synthetase; how- 
ever, inhibition by L-nitroarginine methyl ester is lim- 
ited to blockade of nitric oxice synthetase.” L-nitroar- 
ginine methyl ester administered locally caused a de- 
crease in uterine blood flow after a short 1- to 2-minute 
delay; uterine blood flow slow-y increased over the next 
15 to 30 minutes toward levels achieved before L-ni- 
troarginine methyl ester injection. This observation is 
consistent with time required for endothelial cell entry 
and nitric oxide synthetase inhibition. The suggestion 
that estrogen induces nitric oxide synthetase is further 
supported by the recent work of Magness et al.,”* which 
showed increased uterine venous levels of cyclic gua- 
nosine monophosphate after estrogen administration 
and subsequent reduction in cyclic guanosine 
monophosphate levels and uterine blood flow after 
L-nitroarginine methyl ester administration. Thus we 
would interpret the results of our study to suggest that 
estradiol-178 induces the activation of the nitric oxide 
synthetase enzyme in the endothelial cells lining the 
uterine arteries and then uses the available L-arginine 
to produce increased amounzs of nitric oxide. It seems 
likely that the induction of nitric oxide synthetase by 
estrogen would also be sensitive to protein synthesis 
inhibition. 

Killam et al.’ were the first to demonstrate that con- 
tinued local intraarterial infusion of the protein syn- 
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thesis inhibitor cycloheximide could prevent the vaso- 
dilatory action of estrogen. On termination of the cy- 
cloheximide infusion the estrogen-induced increase in 
uterine blood flow occured after a delay of 40 minutes. 
Unpublished studies from our laboratory have also 
demonstrated that local uterine artery infusion of cy- 
cloheximide at the peak of the estrogen response results 
in a =40% decrease in estrogen-induced increases in 
uterine blood flow. Once the cycloheximide infusion is 
stopped, uterine blood flow slowly returns toward 
preinfusion levels. This observation suggests the need 
for continuous production of nitric oxide synthetase to 
maintain the estrogen response. 

It has been previously shown that some vascular en- 
dothelial cells contain an inducible Cat* independent 
nitric oxide synthetase isoform and that this induction 
of this isoform has a delay period of =2 hours.” The 
induction of the nitric oxide synthetase enzyme, which 
has been shown in macrophages and endothelial cells, 
may be induced by endotoxins and cytokines and can 
be inhibited by hydrocortisone and dexamethasone.” 
Local and systemic infusions of dexamethasone admin- 
istered before estrogen also suppressed estrogen-in- 
duced uterine blood flow increases.** These experi- 
ments could be interpreted to mean that estrogen in- 
duces nitric oxide synthetase in the uterine artery 
endothelial cells, leading to uterine vasodilation, and 
that dexamethasone may inhibit nitric oxide synthetase 
induction. 

Identification of the mediator of estrogen-induced 
increases in uterine blood flow could help determine 
the physiologic basis of increased uterine blood flow 
during pregnancy and a mechanism for decreased uter- 
ine blood flow seen in certain disease states. Recent 
studies from our laboratory have suggested that nitric 
oxide synthesis may not only be important in regulating 
uterine blood flaw changes in response to estrogen, but 
may play a vital role in regulating uteroplecental blood 
flow in pregnancy.” Treatment of late-term pregnant 
animals with L-nitroarginine methyl ester leads to dose- 
related decreases in uterine blood flow and cardiac out- 
put and increases in system arterial blood pressure and 
systemic vascular resistance.” 

In our study the observed results of reduced uterine 
blood flow in response to L-nitroarginine methyl ester 
administration could theoretically be the result of direct 
vasoconstriction of the uterine vasculature. However, 
recent studies in our laboratory suggest this is unlikely 
because administration of L-arginine, the nitric oxide 
precursor, was able to reverse L-nitroarginine methyl 
ester—induced decreases in estrogen-induced increases 
in uterine blood flow.™® Additionally, systemic admin- 
istration of L-nitroarginine methyl ester in doses that 
produced a 50% decrease in estrogen-induced in- 
creases in uterine blood flow did not alter uterine va- 
sodilation produced by a continuous infusion of pros- 
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tacyclin (unpublished observation), On the basis of 
these okservations, our study has shown that L-nitroar- 
ginine methyl ester specifically antagonizes the vaso- 
dilatory effects of estradiol-178 on the uterine vascu- 
lature in a dose-dependent manner. This antagonism 
of estrogen-induced vasodilation suggests that nitric 
oxide is important in mediating vasodilation caused by 
estradiol-178 and could play an important role in reg- 
ulating uterine and possibly uteroplacental blood flow 
during pregnancy. Because estrogen-induced increases 
in uterine blood How were almost completely antago- 
nized by L-nitroarginine methyl ester, it appears that 
nitric oxide is the main mediator of the vasodilation; 
however, other vasodilators may also be partially in- 
volved. 
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Urinary and cardiovascular responses to indomethacin infusion 


in the ovine fetus 


Martin P.R. Walker, BM, BS, Thomas R. Moore, MD, and Robert A. Brace, PhD 


San Diego, Califorma 


OBJECTIVE: Our objective was to explore the urinary and cardiovascular responses of the near-term 
ovine fetus to plasma indomethacin levels Simlar to those in the human neonate undergoing indomethacin 


therapy. 


STUDY DESIGN: Chronically catheterized ovine fetuses between 125 and 139 days of gestation were 
studied. After a 1-hour control period we gave a bolus of 0.35 mg/kg estimated fetal weight of 
indomethacin into a fetal vein, followed by a 0.017 mg/kg/min continuous infusion for 5 hours (n = 9). 


Results were compared with a vehisle-infusion-only group (n = 10). 


RESULTS: During the first 3 hours of indomethacin infusion, fetal urinary output was increased by an 
average of 84.9% + 55.6% (analysis of variance, p < 0.01). Urinary osmolality and sodium and chloride 
concentrations underwent sustained increases throughout the infusion period (p < 0.001). Sodium 
excretion increased by 212% + 111% (p < 0.05). Fetal arterial and venous pressures increased 

(p < 0.001), and the change in urinary flow correlated positively with the change in arterial pressure 

(R = 0.55, p = 0.014. Fetal heart rate increasec by 10% + 4% 1 hour after the bolus and remained 
elevated throughout the remainder of the infusion relative to vehicle-infused animals (p < 0.001). Vehicle 


infusion had no effect on any fetal variable. 


CONCLUSIONS: This study does ^ot support the hypothesis that indomethacin acutely reduces urinary 
flow rate in the late-gestation ovine fetus. Further, the observed urinary flow increases may be mediated in 
part by a pressure diuresis. (Am J OssteT GYNECOL 1992;167:834-43.) 


Key words: Prostaglandins, urinary flow, Huid balance, arterial pressure, heart rate 


Indomethacin has been used increasingly during hu- 
man pregnancy as a treatment for polyhydramnics, on 
the basis of the concept that it decreases urinary output 
in the fetus.'* In support of this concept, indomethacin 
crosses the placenta** and has been shown to have, 
under experimental conditiors, cardiovascular and re- 
nal effects on the fetus. Svecifically, indomethacin 
infusion has been shown to result in increased renal 
vascular resistance and decreased renal blood flow,’ al- 
though recent reports have suggested that prostaglan- 
din synthesis blockade does not cause these effects.’ 
Further, recent reports have suggested that there may 
be adverse renal and cardiovascular effects on the hu- 
man fetus” and neonate’ from maternal indo- 
methacin administration. 

In spite of the clinical observation of fetal oliguria,* 
no animal study has demonstrated a decrease in fetal 
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urinary flow as a result of indomethacin infusion. The 
only study to address fetal renal responses to indo- 
methacin was performed by Matson et al.’ with 
5 mg/kg of indomethacin (approximately 10 to 15 times 
the dose used clinically in human neonates); they dem- 
onstrated no urinary flow alteration. Thus our study 
was designed to explore the acute effects of a dose of 
indomethacin equivalent to that used in human neo- 
natal practice on fetal urinary output and composition 
and hemodynamics over a 5-hour infusion. On the basis 
of clinical observations of a reduction in amniotic Auid 
volume during: maternal indomethacin administra- 
tion,'® we hypothesized that indomethacin would cause 
a fall in fetal urinary output with a resulting decrease 
in the amniotic fluid index. 


Material and methods 


Animal preparation and maintenance. Thirteen 
time-dated, near-term pregnant sheep were used; their 
source, preparation, and maintenance have been de- 
scribed previously. Gestational age at the time of sur- 
gery was 125 + I day (mean + SE). Anesthesia was 
induced by injecting 1 gm of sodium pentothal intra- 
venously followed by maintenance inhalational anes- 
thesia (1% to 2% halothane.in oxygen). The maternal 
abdomen was shaved, cleaned and draped, and a lap- 
arotomy was performed. Fetal hindlimbs were ex- 
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tracted through an incision in the uterus, and vascular 
catheters were placed in the inferior vena cava and 
descending aorta through femoral vessels. The fetal 
bladder was catheterized through a suprapubic inci- 
sion. Additional catheters were attached to the fetal skin 
for sampling amniotic fluid. The hysterotomy and lap- 
arotomy incisions were closed, and the maternal infe- 
rior vena cava and descending aorta were catheterized 
through the maternal femoral vessels. All catheters 
were passed subcutaneously through a small incision in 
the left flank. 

During the first 5 postoperative days, intramuscular 
prophylactic antibiotics were given daily to the ewe and 
intraamniotically to the fetus.’ All vascular catheters 
were flushed daily with heparin sodium (100 U/ml) 
until the conclusion of the experiment, to maintain pa- 
tency. These procedures were approved by our insti- 
tutional review body. 

Experimental protocol. The protocol consisted of a 
l hour contro] period followed by a 5-hour infusion of 
indomethacin or vehicle into the fetal inferior vena 
cava. On the fifth postoperative day we pertormed ei- 
ther a vehicle or indomethacin infusion experiment. If 
the animal was used for a vehicle infusion, an infusion 
of indomethacin followed 48 hours later. No animal 
was used for a vehicle infusion if it had previously un- 
dergone an indomethacin infusion; this was to prevent 
any potential prolonged effects of the indomethacin 
infusion from interfering with vehicle infusion mea- 
surements. Indomethacin was given as an initial bolus 
of 0.35 mg/kg estimated fetal weight, followed by an 
infusion of 0.017 mg/kg/min. We chose a dose of 0.35 
mg/kg of indomethacin because it is within the dosage 
range used clinically in neonatal practice. Of the 13 
animals used in the study, four received venicle. infu- 
sion, three received indomethacin infusion, and six re- 
ceived both infusions. This resulted in two experimen- 
tal groups, vehicle infusion (n = 10) and indomethacin 
infusion (n = 9). The vehicle consisted of a solution of 
1.1% ethanol and 0.75% sodium bicarbonate in normal 
saline solution; the total infused volume was 21.8 mi 
or 0.068 ml/min. 

Experimental measurements. Fetal arterial pressure, 
venous pressure, amniotic fluid pressure, heart rate, 
and urinary flow rate were continously recorded on a 
polygraph recorder (Gould Electronics, Cleveland), 
and 30-second averages were stored on disk with an 
on-line computer as previously described.” The arterial 
and venous pressures were adjusted to the zero pres- 
sure reference for the fetus by continuously sub- 
tracting amniotic fluid pressure with the computer. 
Urinary flow rate was measured continously with a 
system that returned the urine to the amniotic com- 
partment.” 

Samples of fetal and maternal arterial blood (5 ml 
each), fetal urine (3 ml), and amniotic fluid (2 ml) were 
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taken at 30 and 60 minutes into the control period and 
every 60 minutes thereafter. Fetal blood was promptly 
replaced with an equal volume of heparinized maternal 
blood collected immediately before the study. Fetal 
blood was sampled for the measurement of pH, Pcoz, 
Po; (Instrument Laboratory System 1306 pH/blood gas 
analyzer, Lexington, Mass., at 39.5° C), microhemato- 
crit in triplicate, osmolality (Advanced Digimatic Os- 
mometer 3D2, Needham Heights. Mass.), plasma pro- 
tein concentration (TS meter, American Optical, Buf- 
falo), and Na*, K*, and Cl~ concentrations (NOVA 5 
Electrolyte Analyzer, Newton, Mass.). Maternal (x = 5) 
and fetal (x = 9) plasma indomethacin concentrations 
were assayed by reverse-phase high-pressure liquid 
chromatography, with a sensitivity of 0.05 pg/ml and 
a coefficient of variation of 3% to 7% (National Medical 
Services Inc, Willow Grove, Pa.). In one animal mater- 
nal plasma indomethacin concentrations were below 
the lower limit of detectability of the assay, and it was 
included in the analysis as having a concentration of 0. 
Fetal renal prostaglandin activity was not measured. We 
derived the changes in fetal bload volume relative to 
control by means of the hematocrit as previously de- 
scribed.” Maternal blood, fetal urine, and amniotic 
fluid were assayed for osmolality and electrolytes. We 
performed a four-quadrant amniotic fluid index with 
real-time ultrasonography at the start and conclusion 
of 12 of the 19 experiments.” With the ewe in the 
standing position the ultrasonographic transducer was 
placed over the uterus, and vertical pockets of amniotic 
fluid were measured in each of four quadrants. The 
sum of these measurements was taken as the amniotic 
fluid index. 

After completion of experimentation the animals 
were killed with a pentobarbital scdium euthanasia so- 
lution (100 mg/kg), and fetuses were towel dried and 
weighed. We assumed a 3% fetal weight gain per day” 
so that fetal weights at the time of experimentation 
could be compared. 

Statistical analysis. The experimental data were di- 
vided into two groups, with each group receiving either 
indomethacin or vehicle infusion. The data are ex- 
pressed as mean + SE and are plotted as either a 
change from the mean value during the control period 
or as a percentage of the mean control value. We took 
control values as the mean value during the 60-minute 
period before either indomethacin or vehicle infusion. 
The control means were analyzed for statistical differ- 
ences between the two treatment groups with a group 
t test. Significant differences in the response to the in- 
domethacin versus vehicle infusion were assessed with 
two- and three-way parametric and nonparametric 
analysis of variance with time, animal, and treatment 
being the factors. Differences between the two treat- 
ments were determined from a significant interaction 
between time and treatment. A p value of =0.05 was 
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Fig. 1. Changes from control in fetal urinary flow rate with indomethacin infusion (@, n = 9) 
compared with vehicle infusion (O, n = 10). Data are mean + SE, Indomethacin or vehicle starts 


at hour 0. 


Table I. Fetal values during the 
preinfusion period 


Value* 
Variabte (mean + SE) 
Arterial pressure (mm Hg) 48.5 + 0.9 
Venous pressure (mm Hg) 3.8 + 0.4 
Heart rate (beats/min) 168 + 3 
Hematocrit (%) 34.7 + 0.9 
Plasma protein concentration 3.7 = 0.1 
(gm/dl) 
Arterial pH 7.335 + 0.006 
Arterial Pos (mm Hg) 22.5: 0.8 
Arterial PCO, (mm Hg) 55.4 + 0.5 
Urinary flow rate 0.17 + 0.02 
(ml/min/kg) 
Urinary osmolality 157 + 13 
(mOsm/kg) 
Urinary sodium concentra- 33.0 + 3.4 
tion (mmol/L) 
Urinary chloride concentra- 37.0 + 3.6 
tion (mmol/L) 
Urinary potassium concen- Pic eee 


tration (mmol/L) 


accepted as statistically significant. A multivariate 
regression analysis was performed on data representing 
the change from control during the total infusion pe- 
riod to determine the major factors associated with the 
change in urinary flow rate.” 


Results 


Mean gestational age and weight at experimentation 
were 13] + 1 days and 3.01 + 0.23 kg for vehicle-in- 


fused animals, and 134 + 1 days and 3.45 + 0.23 kg 
for indomethacin-infused animals. Control values are 
shown in Table I. There were no significant differences 
other than gestational age between vehicle- and indo- 
methacin-infused animals during the preinfusion pe- 
riod. During vehicle infusion we observed no statisti- 
cally significant changes in any of the variables. 

Indomethacin levels. The amount of indomethacin 
administered, when determined from fetal weights at 
experimentation, was 0.314 + 0.018 mg/kg fetal 
weight given as a bolus followed by 0.015 + 0.001 
mg/kg/min as an infusion. Fetal plasma indomethacin 
concentration rose to 1.55 + 0.31 pg/ml (range 0.42 
to 3.00 pg/ml) by 2 hours of infusion and remained 
stable throughout the experiment. In five animals ma- 
ternal plasma indomethacin levels averaged 2.6% of 
fetal levels by 2 hours of infusion and remained stable 
thereafter. 

Urinary flow and composition. During indometha- 
cin infusion fetal urinary flow rate increased by an av- 
erage of 84.9% + 55.6% between 20 minutes and 3 
hours of infusion (Fig. 1, analysis of variance, p < 0.01). 
In contrast, vehicle infusion resulted in no change in 
urinary flow rate. 

Urinary osmolality increased gradually and stabilized 
between 2 and 5 hours of infusion at an average of 
45.0 mOsm/kg above preinfusion values (29.5% + 
9.9%, p = 0.0005, analysis of variance comparing two 
groups), urinary sodium excretion increased by 
29.6 + 14.3 wEg/min by 2 hours from a baseline of 
16.7 + 3.5 wEq/min, and urinary chloride excretion 
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Fig. 2. Changes from control in fetal urinary osmolality (Osmol), sodium concentration, and chloride 
concentration with indomethacin infusion (@, n = 9) compared with vehicle infusion (Q, n = 10). 
Data are mean + SE. Indomethacin or vehicle starts at hour 0. Differences between groups are 


represented by p value. 


increased by 24.0 + 11.7 wEq/min from a baseline of 
17.7 + 3.0 pEg/min by 2 hours. These increases were 
sustained throughout the infusion period and com- 
prised increases in volume of urine excreted and sig- 
nificantly elevated urinary electrolyte concentrations 
(p < 0.001, analysis of variance comparing two groups; 
Fig. 2). The urinary concentration of potassium did not 
change, and free water clearance did not increase sig- 
nificantly. The four-quadrant amniotic fluid index in- 
creased from 58 + 14 mm during the control period 
to 76 + 23 mm at the conclusion of the experiment, 
whereas vehicle-infusion animals showed no change 
(p = 0.048). 

Hemodynamics. Fetal arterial pressure increased im- 
mediately after the indomethacin bolus by 6.2 + 0.8 


mm Hg. Fetal arterial pressure then decreased but re- 
mained 4.8% greater than that in the vehicle-infused 
group until 3 hours from the bolus (p < 0.0001, analysis 
of variance, Fig. 3). Fetal venous pressure initially in- 
creased by 1.5 + 0.03 mm Hg after indomethacin, then 
fell back to vehicle infusion levels, and subsequently 
rose by 1.0 + 0.4 mm Hg throughout the remainder 
of the experiment (p < 0.00001, Fig. 3). Fetal heart rate 
(FHR) decreased immediately after the bolus by 20 + 2 
beats/min compared with vehicle infusion for the re- 
mainder of the experiment (p < 0.00001, Fig. 3). Fetal 
blood volume fell by 4.9% + 1.2% at 1 hcur after the 
start of the infusion (p < 0.01), then rose back to con- 
trol values. Fetal plasma protein concentration in- 
creased by 0.11 + 0.04 gm/dl (p < 0.01) during in- 
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Fig. 3. Changes from control in fetal arterial and venous pressures and FHR with indomethacin 
infusicn (@, n = 9° compared with vehicle infusion (C, = 10). Data are mean + SE. Indomethacin 
or vehicle starts are hour 0. Differences between groups are represented by p value. 


domethacin infusion, but this was not significantly dif- 
ferent from the increase of 0.02 + 0.03 gm/dl during 
vehicle infusion. Hematocrit increased by 1.8 + 0.5 U 
at 1 hour (p < 0.01), with a subsequent return to con- 
trol levels by 5 hours (Fig. 4, p = 0.03). 

Blood gases. Fetal blood pH fell by 0.025 + 9.011 
pH units (Fig. 5, analysis of variance comparing two 
groups, p = 0.024}, whereas -etal blood Po, increased 
transiently by 2.9 + 0.8mm Hgat 1 hour (p = 0.0011). 
Fetal Pco, did not change compared to control values. 
Fetal plasma osmolality and electrolytes did not change 
during the indomethacin infusion. There were no 
changes in maternal or ammiotic fluid osmolalities or 
electrolytes; maternal blood gas values showed no 
change over time. 


Multivariate analysis. Multivariate analysis of aver- 
age changes in fetal arterial and venous pressures, blood 
volume, plasma protein concentration, and fetal plasma 
indomethacin levels from control levels over the 5-hour 
infusion period revealed that the only factor statistically 
related to change in urinary flow rate was the change 
in fetal arterial pressure (Fig. 6, r = 0.55, p = 0.014). 
Thus 30% of the increase in urinary flow rate was re- 
lated to the increase in fetal arterial pressure and the 
remaining 70% by factors not measured in this study. 


Comment 

It is widely accepted that maternal indomethacin ad- 
ministration leads to a reduction in fetal urinary output. 
This is based on the clinical observation of oligohy- 
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Fig. 4. Changes from control in fetal blood volume, plasma protein, hematocrit with indomethacin 
infusion (@, n = 9) compared with vehicle infusion (O, n = 10). Data are mean + SE. Indomethacin 
or vehicle starts at hour 0. Differences between groups are represented by p value, 


dramnios after maternal indomethacin therapy for pre- 
term labor and its effective use in the treatment of 
symptomatic polyhydramnios. It is believed that this 
effect is caused by a reduction in fetal renal blood flow.” 

Renal effects. In spite of the clinical observation of 
fetal oliguria,’ there are no animal studies of the lit- 
erature demonstrating a fall in fetal urinary output 
after indomethacin infusion to the fetus or mother. The 
effects of indomethacin on the fetal kidney and fetal 
urinary How have been previously investigated only 
once. Matson et al.,’ after a 5 mg/kg bolus of indo- 
methacin to the ovine fetal vein (14 times higher dose 
than in our experiment), demonstrated a 47% increase 
in renal vascular resistance and an 18% fall in renal 
blood flow with a significant fall in glomerular perfu- 
sion in inner cortical zones II and IV but no change 


in glomerular filtration rate. They demonstrated an 
increase in the fractional excretion of sodium by 72% 
and chloride by 109%, with an increase in urinary os- 
molality of 82%. However, no change in urinary flow 
rate or free water clearance was noted. Urinary pros- 
taglandins were decreased by 60% and plasma renin 
activity by 46%. 

In contrast to the above, we found that the admin- 
istration of indomethacin to the fetus resulted in an 
acute increase in urinary flow rate. Our findings differ 
from that of Matson et al.’ and may be explained in 
part by the 14-fold difference in the dose of indo- 
methacin used in the studies. Our findings of elevated 
urinary osmolality and electrolyte concentration are in 
agreement with the previous study by Matson et al.’ 

Although we did not observe the hypothesized re- 
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P = 0.0011 
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Fig. 5. Changes from control in fetal blood gases with indomethacin infusion (®, n =9) compared 
with vehicle infusion (O, n = 10). Data are mean + SE. Indomethacin or vehicle starts at hour 0. 
Differences between groups are represented by p value. 


duction in urinary flow rate, our data are consistent 
with the concept that renal prostaglandins may be im- 
portant in the maintenance of tubular function in the 
fetus and that indomethacin blockade of renal pros- 
taglandins may lead to a fall in renal tubular sodium 
resorption and an improved ability to maintain a renal 
medullary osmolar gradient.” In spite of indomethacin 
administration, urinary osmolality remained below 
levels seen in the adult, indicating that the relatively 
low concentrating power of the fetal kidney is not 
wholly dependent on the zctivity of renal prosta- 
glandins. 

Studies in preterm neonates with patent ductus ar- 
teriosus have demonstrated that indomethacin admin- 
istration leads to a fall in glomerular filtration rate,” a 
fall in urinary flow rate,’ ar. increase in plasma cre- 


atinine concentration,’ a decrease in plasma sodium 
concentration,’’ and a decrease in blood osmolality.” 
Our data suggest that indomethacin administration at 
doses of 0.31 mg/kg does not have the same effect on 
urinary output or plasma electrolytes in the near-term 
sheep fetus as in the human newborn, at least when 
measured acutely. 

Hemodynamic effects. The hemodynamic effects of 
indomethacin infusion that we have observed are a rise 
in fetal arterial and venous pressures and an acute de- 
crease followed by an increase in FHR. These findings 
are somewhat different from those observed by others 
in the sheep fetus given doses two to 35 times that used 
in the current study.*® © Chestnut et al. infused 
2 mg/kg of indomethacin into the pregnant ewe and 
noted that fetal arterial pressure increased immediately 
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Fig. 6. Regression relationship between change from control in urinary flow rate and change in 
arterial pressure in fetuses subjected to vehicle (OC, n = 10) or indomethacin infusion (@, n = 9). 
Solid line, Regression line; dotted line, 95% confidence limits. Data points are average values for entire 


5 hour infusion period. 


and remained elevated and heart rate decreased tran- 
siently, then became tachycardiac for the remainder of 
the experiment (245 minutes). McLaughlin et al.® stud- 
ied fetal and maternal responses to a 2 mg/kg intra- 
venous bolus of indomethacin given simultaneously to 
both fetus and ewe. Fetal arterial pressure increased by 
32% after 2 minutes and returned to baseline by 1 
hour. These cardiovascular effects are much more pro- 
nounced than those observed in our study but were in 
response to a sixfold higher dose. Steele and 
Ayromlooi™ infused 0.5 mg/kg of indomethacin into 
the maternal vein over 3 minutes and noted that fetal 
arterial pressure did not change, FHR, on the other 
hand, increased by 45 minutes and remained elevated 
for the entire study period of 120 minutes. In our study 
a significant 20% fallin FHR preceded a sustained fetal 
tachycardia. These different findings may be due to 
differences in sampling frequency and the route of 
indomethacin administration, because the bradycardia 
that we observed was transient and most likely mediated 
by the baroreceptors in response to the hypertension. 
Matson et al.’ noted increases in both FHR (by 6.2%) 
and fetal arterial pressure (by 16%), although the in- 
crease in heart rate was not significant. Rankin et al. 
described an increase in fetal arterial pressure of 31% 
after administration of 12 mg/kg of indomethacin into 
the fetal vein but did not find an increase in FHR or 


fetal venous pressure. In contrast, in an acute study, 
Sideris et al. did not observe a tachycardia or an in- 
crease in arterial pressure after C.5 mg/kg of indo- 
methacin to the fetal vein, although they demonstrated 
a decrease in ductal How and a decrease in right ven- 
tricular output. 

Collectively, the rise in fetal arterial and venous pres- 
sures that we and others have observed suggests that 
indomethacin is causing peripheral vasoconstriction, 
perhaps by blocking the actions o= vasodilators pros- 
taglandins in peripheral vascular beds. This vasocon- 
striction may extend to the umbilica. circulation as dem- 
onstrated by McLaughlin et al.,? who found a 17% in- 
crease in umbilical blood How and a 22% increase in 
umbilical vascular resistance at doses of 2 mg/kg to the 
fetal vein (six times the dose used in our study). In 
contrast, Paulick et al. demonstrated no change in 
umbilical vascular resistance or blood flow in response 
to a 0.33 mg/kg indomethacin dose to the fetus. The 
difference observed between our study and those of 
others may be due, in large part, to large differences 
in doses administered, route of administration, and 
perhaps sampling frequency. | 

At the dose of indomethacin. used in our study (0.31 
mg/kg), some ductal constriction would be expected, 
although this was not monitored. Sideris et al.” dem- 
onstrated in the fetal lamb that ductal constriction in 
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response to a 0.2 mg/kg fetal bolus of indomethacin 
had no effect on heart rate or cardiac output and was 
well tolerated. Thus at 0.31 mg/kg it is unclear whether 
our hemodynamic observations in the fetus were sec- 
ondary to ductal constriction, although they are con- 
sistent with those expected from both ductal and gen- 
eralized vascular constriction. 

The tachycardia observed in our experiments is 
largely consistent with previous studies but is unex- 
pected in view of the elevations in arterial and venous 
pressures. This may be explained by a central stimu- 
latory effect of indomethacin, in much the same way 
that it has been shown to stimulate the fetal respiratory 
center.” Fetal blood volume decreased transiently in all 
animals and was largely independent of the char.ge in 
urinary flow. This may be explained by increasing pas- 
sage of intravascular fluid into the interstitium. How- 
ever, the blood volume changes were not found to be 
dependent on arterial or venous pressure changes. 

Our findings suggest that the increased urinary flow 
rate is, in part, related to the increase in fetal blood 
pressure (Fig. 6). The r value of 0.55 indicates, how- 
ever, that only 30% of the increase in urinary flow rate 
is explainable by the increase in arterial blood pressure. 
The factor(s) responsible for the remaining 70% are 
unclear, although we found no correlation between in- 
domethacin levels and arterial pressure increase. It 
might be postulated that these arterial pressure changes 
would not be seen in the human fetus exposed to ma- 
ternally administered indomethacin, because fetal 
plasma indomethacin levels have recently been shown 
by cordocentesis under these circumstances to b2 only 
v the levels described in the current study.* This find- 
ing, combined with the clinical observations of oligo- 
hydramnios during indometkacin therapy, suggest that 
the fetal renal responses to indomethacin may be dif- 
ferent in less mature ovine fetuses, at lower dcses of 
indomethacin, or during longer periods of admini- 
stration. 

In summary, fetal administration of indomethacin in 
the late-gestation ovine fetus at 0.314 mg/kg led to an 
increase in fetal arterial and venous pressures and 
FHR, with a small decrease in fetal pH. This was as- 
sociated with an acute, 84.9%, increase tn fetal urinary 
flow and a 212% increase in sodium excretion. We spec- 
ulate that indomethacin promotes an acute diuresis, in 
part through its effects on arterial blood pressure and 
a natriuresis as a result of its intrarenal effects. 


We thank Eddie Kwan for his technical assistance. 
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Additivity of protein deficiency and carbon monoxide on 


placental carboxyhemoglobin in mice 


Jarnail Singh, PhD, Cassandra B. Smith, BS, and Linda Moore-Cheatum, BS 


Tuscaloosa, Alabama 


OBJECTIVES: The purpose of the study was to estimate maternal and placental carboxyhemoglobin in 


protein-deficient and carbon monoxide~exposed mice. 


STUDY DESIGN: Pregnant CD-1 mice were placed on diets containing 27% ‘Sorta 16%, 8%, or 4% 
protein on gestation day 1. The dams were exposed to carbon monoxide concentrations of 0 (control), 65, 
125, 250, or 500 ppm from gestation days 8 to 18. The dams were killed on gestation day 18, and blood 
samples were collected from the maternal hearts and placentas for carboxyhemoglobin determination. 
RESULTS: Maternal carboxyhemoglobin levels were related to the carbon monoxide exposure levels and 
were not affected by protein deficiency. Placental carboxyhemoglobin levels were higher than maternal 
carboxyhemcglobin levels, were related to carbon monoxide exposure levels, and were inversely related to 


dietary protein leveis. 


CONCLUSION: The data suggest trat maternal protein deficiency enhances the placental 
carboxyhemcglobin levels resulting from carbon monoxide exposure and exacerbates hypoxic conditions 
for the developing fetus. Special groups at risk may include drug abusers and cigarette or marijuana 


smokers. (Av J OpsTeET GYNECOL 19923167:843-6.) 


Key words: Protein deficiency, carbon monoxide, placental carboxyhemoglobin 


Carbon monoxide is a colorless, odorless, and poli- 
sonous gas produced by the incomplete burning of car- 
bon in fuels. Carbon monoxide pollution is a serious 
public health problem; about 41.1 million people are 
exposed to carbon monoxide annually in the United 
States.' Emissions from gas appliances, cigarette smoke, 
vehicles in attached garages, and gas, kerosene, or wood 
space heaters increase carbon monoxide levels in 
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homes.** Offices may be contaminated by carbon mon- 
oxide from cigarette smoke or outdoor carbon mon- 
oxide as a result of building design problems.’ Fur- 
thermore, indoor carbon monoxide levels in buildings 
are usually related to nearby outdoor levels and in- 
crease more slowly than outdoor. levels; however, once 
built up, indoor levels remain high for longer periods.’ 

About one third of the adult female population 
smoke during their child-bearing years,’ thus cigarette 
smoking by pregnant women is perhaps the most com- 
mon factor other than polluted air that exposes the 
developing fetus to high concentrations of carbon mon- 
oxide. Maternal carbon monoxide exposure to levels as 
low as 65 ppm affects the fetal weight; higher levels 
affect viability. The developing fetus is sensitive to 
chronic carbon monoxide exposure, and this sensitivity 
is dose dependent.*° Furthermore, the fetus is influ- 
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Table ‘I. Composition of low protein and 
control diets 






Low-proteim diet. Contral 








- diel 
Casein (purified high 4 8 16 27 
nitrogen) ae 
Corn starch 82 78 70 59 
Vegetable oil 10 10 10 10 
Salt mixture (USP 4 4 4 4 
XIV}* 
ICN Nutritional Bio- + +t +$ + 


chemicals vitamins 
diet fortification 
mixturet 


*Composition: calcium carbonate, 6.86%; calcium citrate, 
30.83%; calcium biphosphate, 11.28%; manganese carbonate, 
3.52%; magnesium sulfate, 3.83%; potassium chloride, 
12.47%;-dipotassium phosphate, 21.88%; sodium chloride, 
7.71%; copper sulfate, 0.007%; ferric citrate, 1.53%; man- 
ganous sulfate, 0.02%; potassium aluminum sulfate, 0.009%; 
potassium iodide, 0.004%; sodium fluoride, 0.05%. 

+Composition (in grams per kilogram of mixture): vitamin 
A acetate (5,000,000 1U/gm), 1.€; vitamin De (85,000 1U/gm), 
0.13; alpha tocopherol acetate (250 [U/gm), 22.0; ascorbic 
acid, 45.0; inositol, 5.0; choline chloride, 75.0; menadione, 
2.25; p-aminobenzoic acid, 5.0; niacin, 4:25; riboflavin, 1.0; 
pyridoxine hydrochloride, 1.0; -hiamine hydrochloride, 1.0; 
calcium pantothenate, 3.0; biotin, 0.02; folic acid, 0.09; vita- 
min By, 0.00135. 


tAdded at the rare of l kg/43 kg of diet. 


enced at levels of exposure below levels found tran- 
siently for human cigarette smokers and below ambient 
carbon monoxide concentrations associated with var- 
ious occupations.” Severe acute exposure to carbon 
monoxide causes fetal death or other toxic effects, in- 
cluding anatomic malformations." 

Protein deficiency is widespread in the diets of poor 
pregnant women." Protein deficiency in the maternal 
diet during pregnancy has detrimenial effects on the 
outcome of pregnancy in humans" and laboratory an- 
imals.’* Studies indicate that dietary protein may rep- 
resent an important environmental determinant of the 
harmful developmental effects of some chemicals." 

_ Carbon monoxide readily combines with hemoglobin 
to form carboxyhemoglobin, which very effectively re- 
duces the oxygen-carrying capacity of the hemoglobin. 
Our study was undertaken because nothing is known 


about the potential effects of maternal protein defi- . 


ciency on maternal and placental carboxyhemoglobin 
levels resulting from carbon monoxide exposure. 


Material and methods 


Approved guidelines for the use and care of the an- 
imals were followed by the institution. Adult female 
albino mice of the CD-1 strain (Charles River, Wil- 
mington, Mass.) were maintained with continuous ac- 
cess to food and water on a 12 hour—]2-hour light- 
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dark cycle at a room temperature of 23° + 2° C. Fe- 
males were bred overnight; the day a copulation plug 
was found was designated as gestation day 1. The dams 
were placed on diets of 27% (control), 16%, 8%, or 4% 
protein (Table I) on gestation day 1. The dams were 
randomly assigned and continuously exposed to 0 (con- 
trol), 65, 125, 250, or 500 ppm of carbon monoxide in 
alr in plexiglass environmental chambers from gesta- 
tion days 8 to 18. The controls were also exposed to 
the compressed air flow in chamber environment, and 
only 6 to 9 dams at a time were exposed to each con- 
centration of carbon monoxide. The gas flows were set 
at 500 ml/minute, and concentrations of the carbon 
monoxide were monitored at least hve times per week 
at each chamber inlet by an infrared spectropho- 


‘tometer (model 870, Beckman Instruments, La Habra, 


Calif.). The dams were killed by cervical dislocation on 
gestation day 18; blood samples from the maternal 


heart and placenta were collected by heparinized sy- 


ringes, 

Carboxyhemoglobin concentrations from the mater- 
nal and placental blood were determined by the spec- 
trophotometric method.” Analysis of data was carried 
out by the use of analysis of variance for factorial ex- 
periments.'* The results reported here are based on 
data for 10 animals in each combination of carbon mon- 
oxide and protein-diet treatments. 


Results” 


The concentrations of maternal carboxyhemoglobin 
and placental carboxyhemoglobin were related to car- 
bon monoxide dose; the placental carboxyhemoglobin 
concentrations were higher than those of the maternal 
carboxyhemoglobin. As compared with the respective 
control exposures, carbon monoxide exposure at all 
levels significantly increased the placental carboxyhe- 
moglobin concentrations (Table II), whereas carbon 
monoxide exposure at the three highest exposure levels 
significantly increased the maternal carboxyhemoglo- 
bin concentrations (Table III). 

Placental carboxyhemoglobin concentrations were 
inversely related to dietary protein levels (Table H). 
The two lowest levels (4% and 8%) of dietary proteins 
significantly increased placental carboxyhemoglobin 
concentrations as compared with the control diet. The 
protein diets showed a similar trend for maternal car- 
boxyhemoglobin concentrations; however, the effect 
was not significant (Table IH). 

The effects of the interactions of protein diets and 
carbon monoxide exposures on placental carboxyhe- 
moglobin and maternal carboxyhemoglobin concentra- 
tions are given in Tables II and III, respectively. Pla- 
cental carboxyhemoglobin concentrations were directly 
related to carbon monoxide dose in each dietary pro- 
tein level (Table II). Placental carboxyhemoglobin con- 
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Table II. Effect of maternal carbon monoxide exposure, protein diets, and their interactions on the 
carboxyhemoglobin concentrations (mean + SEM) in placental blood 






Carbon monoxide 





dose (ppm) 
0 3.34 1.) 8.9 + 3.8 
65 20.2 + 2.1 25.6 + 2.6 
125 27.2 = 5.4 35.0 + 4.9 
250 38.6 = 2.3 40.5 + 4.7 
5C:0 47.3 + 2.5 55.2 + 2.3 
Meant 27.3 + 2.6 33.0 * 3.5 


*Values averaged across protein diets. 

{Values averaged across carbon monoxide dose levels. 
Significantly different from control at p = 0.01. 
§Significar.tly different from control at p = 0.001. 


f protein in diet 


Percentage o 
16 


Ooz do os ee ee ee 






Alean” 


12.3 t 2.7 16.8 + 3,7 10.3 + 2.8 
23.3 + 1.4 28.0 + 2.9 24.3 & 2.28 
38.1 + 2.4 40.3 + 2.0 35.1 + 3.78 
44.8 + 1.9 47.2+7.8 42.8 + 4.0§ 
58.6 + 1.6 60.5 + 3.4 55.4 + 2.4§ 
35.4 + 2.04 338.6 + 4.04 


Table II. Effect of maternal carbon monoxide exposure, protein diets, and their interactions on the 
carboxyhemoglobin concentrations (mean + SEM) in maternal blood 







Carbon monoxide 





dose (pbm) 
G 3.3 + 0.6 6.3 + 8.6 
65 71+ 1.0 8.6 + 1.7 
125 15.3 + 2.1 26.2 + 1.7 
250 23.6 + 1.4 26.9 + 1.6 
500 38.0 + 1.6 30.3 + 1.4 
Meart 17.5 1.3 19.7 + 1.4 


*Values averaged across protein diets. 
f Values averaged across carbon monoxide dose levels. 
+Significantly different from control at p = 0.001. 


centrations were inversely related to the protein con- 
tents of diet in 0 (control), 125, 250, and 500 ppm of 
carbon monoxide (Table II). Maternal carboxyhemo- 
globin concentrations were related to carbon monoxide 
dose in each protein diet (Table II) and were inversely 
related to pratein diets in the 0, 65, and 250 ppm of 
carbon monoxide exposures. 


Comment 


We have shown that maternal carboxyhemoglobin 
and placental carboxyhemoglobin concentrations were 
related to maternal carbon monoxide exposure levels; 
at any given exposure of carbon monoxide, the pla- 
cental carboxynemoglobin values were higher than the 
maternal carboxyhemoglobin values. Similar values of 
carboxyhemoglobin have been reported in animals’®”°; 
similar values of maternal carboxyhemoglobin in 
humans.” 

Our data also show that low maternal protein diets 
of 4% and 8% significantly increased the placental car- 
boxyhemoglobm but not maternal carboxyhemoglobin. 
This finding is important because a significant part of 
the United States and world populations are exposed 


Percentage of protein in diet 





9.6 + 1.3 12.6 + 1.1 7.9 + 0.8 
9.3 + 2.0 16.6 + 0.6 10.4 + 1.3 
28.2 + 1.0 20.0 + 1.3 22.5 % 1.54 
30.1 + 1.4 31.8 £ 1.5 28.1 + 1.54 
33.6+ 1.1 34.8 + 2.6 34.2 + 1.74 

22.2 + 1.4 23.1 & 1.5 


to carbon monoxide pollution, and protein deficiency 
in the diet of poor pregnant women is widespread.'!** 
Special groups potentially at risk may also include mul- 
tidrug abusers (marijuana, crack, cocaine, and alcohol) 
and cigarette smokers, who may also be nutritionally 
deprived. 

In summary, our results show that deficient protein 
during gestation enhanced placental carboxyhemoglo- 
bin concentrations. Because both mice and humans 
have a hemochorial placenta, and because data in our 
laboratory indicate that carboxyhemoglobin curves for 
mice and humans are similar, the results of our study 
may be relevant to humans exposed to indoor or out- 
door carbon monoxide pollution or who experience 
protein deficiency in their diets during gestation. 
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Terbutaline does not improve lung function in preterm rabbits 


John M. Fiascone, MD; Li Ming Hu, PhD, and Patricia N. Vreeland, BA* 


Boston, Massachusetts, and Hanover, New Hampshire 


OBJECTIVE: We used the premature rabbit model of surfactant deficiency to test the hypothesis that 
perinatal administration of terbutaline would lead to increased secretion of surfactant into the alveolar 


space and increase lung compliance during mechanical ventilation. 


STUDY DESIGN: Fetuses underwent delivery at a gestational age of 28 days (term 31 days) followed by 
mechanical ventilation. Fetuses were subdivided into four treatment protocols: control, fetuses given 
terbutaline at birth, fetuses of mothers given terbutaline 1 hour before delivery, and fetuses of mothers 
given terbutéline intramuscularly 12 hours before delivery. Dynamic compliance was determined. After this, 
alveolar lavage fluid was obtained for phosphatidylcholine content determination. Some fetuses were killed 
at birth and their alveolar lavage phosphatidylcholine was determined. 

RESULTS: Among the fetuses undergoing mechanical ventilation, perinatal terbutaline exposure did not 
alter either dynamic compliance or alveolar lavage phosphatidylcholine. Mechanical ventilaton was 
associated with large increases in alveolar lavage phosphatidyicholine content. 

CONCLUSION: Perinatal B-adrenergic agonist exposure does not alter in vivo lung function following 


preterm delivery. (Am J Opstet GYNECOL 1992;167:847-53.) 


Key words: Lung function, terbutaline, premature rabbits 


A deficiency of alveolar surfactant is a central feature 
of the impaired lung function that follows premature 
delivery of animals or humans.' The B-adrenergic ag- 
onist terbutaline administered within 6 hours before 
preterm birth has been shown to alter the fetal rabbit 
lung by (1) increasing alveolar surfactant content, (2) 
increasing the stability of the lungs at low transpul- 
monary pressures, and (3) increasing static lung com- 
pliance.* > However, exposure to terbutaline 24 hours 
before preterm delivery in these same studies was 
found to result in surfactant depletion and decreased 
static lung compliance.*’ 

Ventilation is a powerful stimulus for surfactant re- 
lease in newborn animals.* We hypothesized that ter- 
butaline, administered before or just after delivery, 
would enhance secretion of surfactant in preterm an- 
imals undergoing mechanical ventilation. We further 
hypothesized that this augmented alveolar surfactant 
pool size would lead to increased dynamic compliance. 
These hypotheses were tested using mechanically ven- 
tilated preterm rabbits. 
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Methods 


Animals. Date-mated New Zealand White rabbits 
were used for all experiments. This research protocol 
was approved bv the animal care committee at Dart- 
mouth Medical School and animals were cared for in 
accordance with National Institutes of Heaith guide- 
lines. A total of 139 fetuses were used. All fetuses were 
delivered at 28 days’ gestation with the day of mating 
taken as day 0 (term 31 days). This gestational age was 
chosen because it represents a time of transition from 
surfactant deficiency to lung maturity, when the sur- 
factant system might respond to pharmacologic ma- 
nipulation and because it has been previously used by 
others investigating similar hypotheses.* * Preliminary 
studies indicated that fetuses at this gestational age 
would consistently survive 1 hour of mechanical ven- 
tilauion. The does were randomly assigned to receive 
either no treatment, 1.0 mg of terbutaline by intrave- 
nous injection 1 hour before the start of operative de- 
livery, or 1.0 mg of terbutaline by subcutaneous injec- 
tion 12 hours before the start of operative delivery. 
These doses were chosen because they are similar to 
those used by others” * and because they produced the 
systemic responses of tremulousness and tachycardia 
in the doe. Subsequently, as noted below, fetuses deliv- 
ered of untreated does were divided at random into 
two groups. One group received no terbutaline treat- 
ment (control) while the other group received 0.1 mg 
of terbutaline by intraperitoneal injection. This pro- 
duced four experimental groups overall: (1) control 
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Table I. Lung function and alveolar phosphatidvlcholine content 
Dynamic compliance Alveolar phosphatidylcholine 
Mechanical ventilation Tidal volume (ml/em H,0/kg) (mol/kg) 





Control No m 0.86 + 0,25 
(n = 8) 
Yes 12.0 + 0.3 0.66 + 0.04 2.39 + 0.344 
(n = 29) (n = 29) (n = 23) 
Fetal terbutaline Yes 12.5 + 0.5 0.77 + 0.075 1.70 + 0.238 
(n = 33) (n = 33) — (n = 24) 
Maternal terbutaline 
l hr after delivery Yes 12.2 + 0.2 0.52 + 0.03° 1.5] + 0.37 
(n = 15) (n = 15) {n = 13) 
12 hr after delivery No 0.43 + 0.06° 
(n = 10) 
Yes 11.8 + 0.1 0.59 + 0.03° 3.01 + 0.33f 
(n = 35) (n = 35) (n = 30) 


a> 6, p < 0.05 by analysis of variance followed by Stadent~Newman-Keuls comparison. d > c, f > e, f > g by analysis of variance 
followed by Student~Newman-Keuls comparison. 


fetuses, (2) fetuses treated with terbutaline at delivery, of and into each fetus’ plethysmograph was measured 
(3) fetuses exposed to terbutaline 1 hour before deliv- with a calibrated pneumotachygraph and a differential 
ery, and (4) fetuses exposed to terbutaline 12 hours pressure transducer (model MP 45, Validyne). Tidal 
before delivery. volume was determined by integration of flow by a 
- At the time of delivery all does were anesthetized respiratory flow integrator (model FV156, Validyne) 
with pentobarbital (240 mg), an endotracheal tude was and displayed on a strip chart recorder (MFE). Another 
placed by tracheotomy, and mechanical ventilation was differential pressure transducer (model MP45, Vali- 
carried out. Does were ventilated with a fraction of dyne) with one end open to the atmosphere was used 
inspired oxygen (F10,) of 0.40 and a peak insp:ratory to measure the proximal endotracheal pressure. This 
pressure that produced a normal arterial pH. A cesar- pressure was displayed simultaneously with tidal vol- 
ean section was performed, and fetuses were de-ivered ume of a second channel of the strip chart recorder. 
and weighed promptly. The entire litter was de_ivered Fetuses were initially ventilated as described above. 
in <30 minutes. Some fetuses were killed while within During the experiment only the peak inspiratory pres- 
their membranes, to prevert air breathing, and then sure was changed. Peak inspiratory pressure was ad- 
they underwent alveolar lavage, which was saved for justed to maintain a tidal volume of 12 ml/kg body 
subsequent phosphatidylcholine determination. Other weight. At 20-minute intervals for 1 hour, peak inspi- 
fetuses were prepared for mechanical ventilatior.. They ratory pressure and tidal volume were recorded at the 
were delivered and weighed, had endotracheal tubes time in the respiratory cycle when flow in the airway 
placed by tracheotomy, and were placed on a mechan- was 0. Dynamic compliance was calculated as a total 
ical ventilation system as described below. The interval lung compliance by dividing the 0-flow tidal volume by 
between delivery and the onset of mechanical ventila- peak inspiratory pressure; the dynamic compliance was 
tion did not exceed 5:minutes for any fetus. then normalized to body weight in kilograms. At the 
Mechanical ventilation. After endotracheal intuba- end of 1 hour of mechanical ventilation a final deter- 
tion fetuses were attached to a time-cycled, pressure- mination of peak inspiratory pressure and tidal volume 
limited mechanical ventilatcr that allows simultaneous was made, a final dynamic compliance was calculated, 
ventilation of up to seven fetuses at adjustable mdivid- and the fetuses were killed. They then underwent in- 
ual peak inspiratory pressures. This ventilator has been spection for uniformity of lung inflation followed by a 
previously described in detziľ and is a variation of the thorough alveolar lavage; the contents were saved for 
ventilator used by Lachman et al. Fetuses were given subsequent phosphatidylcholine determination. 
0.1 mg pancuronium bromide by intraperitoneal in- Lung lavage lipid analysis. Briefly, the fetal rabbit’s 
jection, and each fetus was sealed in an individual body chest was opened and saline solution was infused until 
plethysmograph. As mentioned before, fetuses deliv- the lungs were at total lung capacity as judged by visual 
ered of control does were rendomized to receive either inspection. The saline solution was then withdrawn and 
0.1 mg terbutaline by intraperitoneal injection with reinjected a total of three times. At the last withdrawal 
their pancuronium or to receive pancuronium alone. as much saline solution as possible was removed and 
All fetuses were initially ventilated with Fio; of 1.0, collected in a graduated tube. The entire procedure 
at a rate of 35 breaths/min, an inspiratory time of 0.9 was then repeated with a fresh aliquot of saline solution 
seconds, a peak inspiratory pressure of 35 cm H,O, and four more times. All the fluid collected was combined 


an end-inspiratory pressure of 1 to 2 cm H,O. Flow out and is referred to as the alveolar lavage.’ Lipids were 
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Fig. 1. Dynamic compliance during mechanical ventilation. Values are mean + SEM. Solid triangles, 
controls; diamonds, fetuses given 0.1 mg of terbutaline at delivery; circles, fetuses delivered of does 
given 1.0 mg of terbutaline 1 hour before delivery; squares, fetuses delivered of does given 1.0 mg 
terbutaline 12 hours before delivery. No group with perinatal exposure to terbutaline had a dynamic 
compliance that was significantly different from controls. Changes within experimental groups over 
time are not significant when tested by analysis of variance. 


extracted in chioroform/methanol (2:1 vol/vol). 
Phosphatidylcholine was isolated by thin-layer 
chromatography® and quantified by phosphorus 
assay.” 

Determination of fetal sex. The sex of each fetus 
was determined on the basis of location and appearance 
of gonadal structures within the abdomen or pelvis." 

Statistical analysis. The experimental protocol gen- 
erated four groups of mechanically ventilated fetuses: 
control fetuses delivered of does not given terbutaline, 
fetuses delivered of untreated does and given 0.1 mg 
of terbutaline intraperitoneally at delivery, fetuses de- 
livered of does given 1.0 mg of terbutaline intrave- 
nously 1] hour before delivery, and fetuses delivered of 
does given 1.0 mg of terbutaline intramuscularly 12 
hours before delivery. Comparisons among these four 
groups were accomplished by analysis of variance fol- 
lowed by the Student—-Newman-Keuls procedure. 
Some fetuses of control does and some delivered of 
does given terbutaline 12 hours before delivery did not 
undergo a period of mechanical ventilation but rather 
were killed at birth. Comparisons among these groups 
were also by analysis of variance followed by the Stu- 
dent—Newman-Keuls procedure. Differences between 
groups were considered significant for p < 0.05. All 
values are reported here as mean + SEM. 


Results 


A total of 139 fetuses were delivered of 22 gravid 
does. Eighteen were killed at birth and 121 underwent 
mechanical ventilation. In nine of the 121 fetuses that 
underwent mechanical ventilation a pneumothorax de- 


veloped and they were excluded from further study 
and analysis. Thus data are available for 112 ventilated 
fetuses and 18 nonventilated fetuses. 

Fetuses undergoing mechanical ventilation. All fe- 
tuses appeared viable at the time of delivery. For ven- 
tilated fetuses, time from delivery to the initiation of 
mechanical ventilation was not more than 5 minutes in 
any fetus. Animals remained pink and well perfused 
throughout the experiment unless they developed a 
pneumothorax. The nine animals that developed a 
pneumothorax were distributed equally among the 
four groups and were excluded from analysis. No sex 
differences were apparent in any part of the study, and 
no effect of birth order could be fourd. Birth weights 
of fetuses (mean + SEM) did not differ among exper- 
imental groups: control (n = 29 fetuses from 12 litters) 
34.7 + 1.1 gm, fetuses given terbutaline at birth 
(n = 33 fetuses from 12 litters) 36.0 + 1.1 gm, fe- 
tuses exposed to terbutaline 1 hour before birth 
(n = 15 fetuses from three litters) 38.0 + 1.7 gm, 
and fetuses exposed to terbutaline 12 hours before 
delivery (n = 35 fetuses from seven litters) 33.7 + 
1.0 gm. 

As intended, fetuses in the different experimental 
groups were equivalently ventilated at tidal volumes 
very close to 12 ml/kg body weight (Table I). Because 
tidal volumes did not differ among the groups, a com- 
parison of in vivo lung function on the basis of dynamic 
compliance was made. Dynamic compliance over the 
duration of the experiment for each of the groups is 
shown in Fig. 1. When the results were tested by analysis 
of variance, there were no significant changes in dy- 
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Fig. 2. Dynamic compliance after 60 minutes of ventilation versus alveolar phosphatidylcholine (PC) 
content. Symbols and groups are same as in Fig. 1. No simple relationship between dynamic com- 
pliance and alveolar phosphatidylchaline content.is apparent. Linear regression analysis revealed 
an R? value of €.002, and the slope o? the line is not significantly different from 0. 


namic compliance over time within any of the experi- 
mental groups. 

Comparisons among the four groups of ventilated 
fetuses were made at 60 minutes in accord with the a 
priori plan for data analys:s. None of the groups with 
perinatal exposure to terbutaline had a dynamic com- 
pliance significantly different from that of control fe- 
tuses (Table I). That is, neither prenatal terbutaline nor 
the administration of terbutaline at birth changed the 
60-minute dynamic compliance in relation tc control 
fetuses. Fetuses given terbutaline at birth had a signif- 
icantly higher dynamic compliance when compared 
with either group of fetuses exposed to terbutaline be- 
fore delivery (0.77 + 0.07 in fetuses given terbutaline 
at birth vs 0.52 + 0.03 in fetuses of does given terbu- 
taline 1 hour before delivery and 0.59 + 0.63 ml/cm 
water/kg in fetuses of does given terbutaline. 12 hours 
before delivery, p < 0.05). 

Phosphatidylcholine content was determined in the 
alveolar lavage fluid obtained after 60 minutes of me- 
chanical ventilation. These data are presented in Table 
I as micromoles of phosphatidylcholine normalized to 
body weight. As was the case for dvnamic compliance, 
no group with perinatal exposure to terbutaline had 
an alveolar phosphatidylcholine content that differed 
significantly from controls. 

Differences between groups in alveolar lavage phos- 
phatidylcholine content did not always correspond to 
differences in dynamic compliance. The grouo with the 
largest dynamic compliarce, fetuses given terbutaline 
at birth, was not the grcup with the largest alveolar 
lavage phosphatidylcholine content. Fetuses delivered 
of does given terbutaline 12 hours before de_ivery had 


the largest alveolar lavage phosphatidylcholine content 
but did not have the greatest dynamic compliance. Lin- 
ear regression analysis of dynamic compliance versus 
alveolar lavage phosphatidylcholine content did not re- 
veal the expected positive relationship. The scatter- 
gram in Fig. 2 contains data from each of the experi- 
mental groups that underwent mechanical ventilation. 
The R? value for this linear regression is 0.002, and the 
slope of the regression line is not significantly different 
from 0. Similar results are obtained when data from 
each of the experimental groups are individually an- 
alyzed. 

Fetuses killed at birth. Eighteen fetuses from eight 
litters were killed while within their membranes to pre- 
clude lung inflation. Their alveolar lavage phosphati- 
dylcholine content 1s compared with that of similarly 
treated but ventilated fetuses as shown in Table I. Me- 
chanical ventilation was associated with a very large 
increase in alveolar lavage phosphatidylcholine con- 
tent. Control fetuses that underwent mechanical ven- 
tilation had an almost threefold increase in the amount 
of alveolar lavage phosphatidylcholine compared with 
fetuses killed at birth. This difference is statistically 
significant. 

Ventilated animais exposed to terbutaline 12 hours 
before delivery had an almost eightfold increase in al- 
veolar lavage phosphatidylcholine compared with fe- 
tuses similarly exposed to terbutaline but not ventilated. 
This difference is highly significant (p < 0.001). Fetuses 
not undergoing mechanical ventilation exposed to ter- 
butaline 12 hours before delivery had a nonsignificant 
50% decrease in the recovery of alveolar phosphati- 
dylcholine when compared with unexposed, unventi- 
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lated control fetuses. These data fit well with results 
reported previously by others.” 


Comment 


The secretion of pulmonary surfactant in prepara- 
tion for and at the time of delivery is one of the central 
features of neonatal adaptation to extrauterine life.*’ 


In vitro studies have demonstrated that stimulation by ` 


B-adrenergic agonists leads to, and by B-adrenergic in- 
hibitors prevents, secretion of surfactant phosphati- 
dylcholine.'*” Several investigators have demonstrated 
in vivo effects of B-adrenergic agents on the unventi- 
lated fetal lung.* '°?° By direct injection of terbutaline 
(0.1 mg) into fetal rabbits at 28 days’ gestation, Berg- 
man et al.'”'* showed increases in static compliance, 
deflation stability, and surfactant phosphatidylcholine 
in treated fetuses versus controls. Similar studies with 
other B-adrenergic agonists such as isoxsuprine have 
produced similar results.’ ?° Padbury et al.” adminis- 
tered an inhibitor of endogenous adrenal epinephrine 
synthesis to pregnant rabbits to reduce fetal adrenal 
epinephrine content. The reduction in adrenal epi- 
nephrine content found at delivery at 30 days’ gestation 
was associated with a reduction in alveolar surfactant 
phosphatidylcholine; indeed, these two variables were 
related in a linear manner. 

Ekelund et al.” studied fetal rabbits that were given 
terbutaline (0.1 mg) by direct fetal injection at 27.75 
days of gestation. They found the effects of terbutaline 
injection on the fetal lungs to be time dependent. Short 
intervals (1 to 6 hours) between injection and delivery 
were associated with increases in static compliance, de- 
flation stability, and airway phospholipids. Longer in- 
tervals (6 to 24 hours) were associated with a reversal 
of these effects, as if there had been surfactant deple- 
tion, with decreased static compliance, deflation stabil- 
ity, and airway phospholipids. When the interval be- 
tween injection and delivery exceeded 24 hours, there 
were no longer differences between terbutaline-ex- 
posed fetuses and controls. 

Although multiple studies of the effects of B-adren- 
ergic agents on the fetal lung exist, there are several 
limitations common to these studies. Many of the ex- 
periments involve direct fetal injection several hours 
before delivery.” 1? This approach has the disad- 
vantage of prolonged manipulation of the doe and the 
stress of fetal injection. Experiments to date have con- 
centrated on the end points of airway surfactant con- 
tent at birth and static compliance measured without a 
period of preceding ventilation.* © '* °° ** Ventilation 
itself is known to be a strong stimulus for the secretion 
of surfactant into the alveolar space.** Airway surfac- 
tant content is an important determinant of static com- 
pliance.' Thus determinations of static compliance and 
airway surfactant content at birth before breathing may 
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not be predictive of lung function during spontaneous 
or mechanical ventilation. . 

Clinical studies published to date of B-adrenergic ag- 
onists given to prevent delivery and neonatal lung func- 
tion have been poorly controlled, limiting their use- 
fulness.” ** These clinical data associate chronic to- 
colysis with an increased incidence of respiratory 
distress syndrome.” Short-term exposure to B-adren- 
ergic agonists have been reported to lead to a lower 
incidence of respiratory distress syndrome.” 

We wished to test the hypothesis that in mechanically 
ventilated premature newborns terbutaline exposure at 
or shortly before birth would result in increased secre- 
tion of surfactant into the alveolar space and in in- 
creased dynamic compliance. We believe that the fe- 
tuses used in these experiments provided a fair test of 
our hypothesis. Fetuses undergoing mechanical venti- 
lation in the various experimental groups reported 
here were handled and ventilated in an equivalent man- 
ner. The dynamic compliance values reported here are 
close to those reported previously by other investigators 
using a similar model” and are reasonably higher 
than those found by us when studying fetuses at the 
younger gestational age of 27 days.” The alveolar lavage 
procedure has been used by others****”’ and has been 
shown to remove approximately 90% of recoverable 
surfactant phospholipids.’ The values reported here 
for alveolar lavage phosphatidylcholine content both 
before and after mechanical ventilation are in reason- 
able agreement with those found by ourselves and 
others in experiments of similar design.” A post hoc 
power analysis indicated that these dynamic compliance 
data have a 1 — B value of 0.98 for the detection of 
differences between groups when a is 0.05. The cor- 
responding 1 — B value for alveolar lavage phospha- 
tidylcholine content is 0.60. 

The administration of terbutaline at birth in the dose 
used here and at the gestational age studied, did not 
result in either a significant increase in dynamic com- 
pliance or a larger alveolar phosphatidylcholine content 
in comparison with control fetuses. Prenatal exposure 
to terbutaline, either 1 or 12 hours before delivery, 
clearly did not convey an advantage in terms of lung 
function in comparison with control animals. These 
data do not, however, exclude the possibility that a dif- 
ferent dose or administration schedule would lead to 
different results. Mechanical ventilation produced a 
large increase in alveolar lavage phosphatidylcholine 
content. This has been prevously described by ourselves 
and others.*° It is possible that mechanical ventilation 
provides maximal stimulation for the release of sur- 
factant. We speculate that pharmacologic manipulation 
in vivo cannot lead to increased alveolar surfactant con- 
tent or to improved dynamic lung function because the 
stimulus provided by mechanical ventilation is maximal 
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and further increments in surfactant release are not 
possible. 

Linear regression of dynamic compliance versus al- 
veolar phosphatidvicholine content did not show the 
expected positive relationship. Indeed, dynamic com- 
pliance and alveolar phospkatidylcholine were very 
poorly correlated. This was true both for all ventilated 
fetuses and for each experimental group. One possible 
explanation for our failure to find a simple relationship 
between dynamic compliance and alveolar phosphati- 
dylcholine content is that at 28 days’ gestation the al- 
veolar phosphatidvlcholine content is so small that the 
relationship with dynamic compliance cannot be dis- 
cerned. A study by Ikegami et al.” has addressed this 
issue. These investigators found that over a narrow 
range of alveolar surfactant contents dynamic compli- 
ance Improves markedly but that both below and above 
this range the dynamic compliance changes little with 
changes in alveolar phosphacidylcholine content. It is 
possible that we are unable to discern a relationship 
between dynamic compliance and alveolar phosphati- 
dylcholine because the values for our animals are below 
the range where these two are related, as described by 
Ikegami et al.” Another possible explanation is that 
inhibitors of surfactant function are responsible for our 
inability to find a simple relationship between dynamic 
compliance and alveolar phesphatidylcholine content. 
Previous investigators have found inhibitors of surfac- 
tant in fetal pulmonary fluid and quantitative increases 
in the amount of surfactant inhibitor during mechan- 
ical ventilation.** °° Neither of these explanations can 
account for the wide range of dynamic compliances 
found for various alveolar phosphatidylcholine con- 
tents (Fig. 2). In vivo lung function, as measured by 
dynamic compliance, is the -esult of the development 
of both the surfactant system and various surfactant- 
independent aspects of the lung.* *°*” 30 We speculate 
that the development of the surfactant system is con- 
trolled separately from the development of surfactant- 
independent aspects of the lung. We further speculate 
that this situation allows the development of surfactant- 
independent lung properties to contribute substantially 
to dynamic compliance before the transition from lung 
immaturity to maturity. 


We thank Donald Bartlett, MD, at Dartmouth Med- 
ical School, in whose laboratory much of this work took 
place. 
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LETTERS TO THE EDITORS 





Very few illegal abortion deaths 


To the Editors: would like to respond to the Reply to 
Dr. Steve Calvin by Chavkin and Rosenfield (Am.] Osr- 
STEC GYNECOL 1991;164:707). Their comment was as 
follows: “He must not know the data from the United 
States, which demonstrated a dramatic decline in cleath 
from illegal abortion after the legalization of abcrtion 
in the early 1970s.” 

These two doctors simply have not done their home- 
work. Until 1967, all states in the Union had, fcr the 
previous century, protected the lives of developing ba- 


bies from the time of conception. Between 1967 and 


1970 a total of 16 state legislative bodies passed laws 
legalizing abortion, only four of which were either de 
jure or de facto abortion on demand (i.e., Alaska, Ha- 
wan, California, and New York). Between 1970 and the 
Supreme Court decision in January 1973, no additional 
state legislative bodies initiated or passed legislation to 
legalize abortion, while during that time the New York 
General Assembly repealed its law, only to lose that 
repeal under the veto of then Governor Nelson Rocke- 
feller. 

The Centers for Disease Control does report on ma- 
ternal deaths from illegal abor-ions: To pick a few dates, 
we would see that during the 1950s deaths averaged 
about 250 a year, after which they began a steady dewn- 
ward trend. In 1966, when all states still forbade abor- 
tion, the total number of deaths was 120. In 1972, when 
only 16 states permitted abortion while the balance still 


protected developing, unborn babies, the total number. 


of maternal deatiis from illegal abortion was 39. with 
25 additional deaths reported that resulted from legal 
abortions. The decline in deaths continued at its same 
gradual slope and bottomed out around a few years 
after that. 

Anyone looking at Figs. 1A and 1B cannot help but 
be impressed with the fact that when abortion became 
legal in some states in the late 1960s, and again when 
it became legal in every state in 1973, the slow prees- 
tablished decline in numbers of deaths did not even 
waiver. It continued at its previous steady pace, which 
clearly had been due to beter antibiotics and other 
drugs, the establishment of intensive care units, detter 
surgery, and other techniques. 

In summary, then, Chavkin and Rosenfield were 
completely incorrect when they spoke of the “specter 
of thousands of dead women,” for that never hap- 
pened. Furthermore, they are also incorrect in stating 
that there was “a dramatic decline in death from illegal 
abortion after the legalization of abortion in the early 
1970s.” May I suggest they do their homework next 
time before repeating such completely inaccurate pro- 
abortion propaganda. ' 

J.C. Willke, MD 
7634 Pineglen Dr., Cincinnati, OH 45224 
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Fig. LA, What lowered abortion mortality —legalized abortion 
or penicillin and other medical devices? (From Hatch OG. 
The value of life. Washington: National Committee for a Hu- 
man Life Amendment, Inc., 1984:13. Information for the 
chart was provided by the National Center for Health 
Statistics.) 


1960 - all states illegal 
1966 — all states illegal 
1972 — 16 states legal 

1980 » all states legal 


289 per year 
120 per year 
39 per year 
10-20 per year 


Fig. 1B. Mothers die from abortion. 


Reply 
To the Editors: Willke is skewing the public health rec- 
ord and has not read our previous work carefully. The 
abortion surveillance data of the Centers for Disease 
Control reveal that the sharpest decline in abortion- 
related mor oe in the 1970s was in the illegally in- 
duced category.' (Of course, the introduction of anti- 
biotics contributed significantly to the decline in ma- 
ternal mortality, which began several decades earlier.) 
Moreover, it has been suggested that the decline in the 
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late 1960s preceding legalization was probably attrib- 
utable to the introduction of more effective contracep- 
tion (and thus a reduction in unwanted pregnancy), as 
well as to a shift of illegal abortions from the nonmed- 
ical to the safer medical sector.” * 

The daza of the Centers for Disease Control also 
demonstrate that the steepest decline in abortion mor- 
tality began in 1976 (with parallel morbidity trends), 
and this was ascribed to the substitution of suction for 
sharp curettage, other technical improvements, the fact 
that legalization enabled women to obtain abortions at 
earlier, safer gestational stages, and increased provider 
training and experience.” Restrictions on abortion and 
the reluctance of residency training programs to rou- 
tinely incorporate such training may unfortuantely 
presage a resurgence of complications associated with 
physician inexperience. 

Because abortion has been so controversial, it has 
been highly scrutinized, and the health benefits to women 
are incontrovertible.” However, we were trying to em- 
phasize a different aspect of the recent judicial and 
legislative debates: the consequences for obstetricians 
and medicine of Webster-stvle legislation. 

Our point, unfortunately, has been underscored by 
last year’s Supreme Court decision regarding the “gag 
rule.” This violation of the physician’s fundamental ob- 
ligation to fully inform the patient about risks and ben- 
ehts of health-related decisions raises the prospect of 
a doctor keing unable to tell a woman with class R 
diabetes, severe cardiac disease, previous postpartum 
psychosis, or pneumocystis pneumonia (fill in the dire 
scenario of your choice} that pregnancy poses a serious 
risk to her health. Whatever one’s personal religious or 
ethical conclusions about abortion, obstetricians should 
be alarmed because such governmental incursions into 
the content of medical care and the patient-physician 
relationship undermine the integrity of the practice of 
medicine. 

Wendy Chavkin, MD, MPH, and Allan Rosenfield, MD 


Columbia University in the City of New York, Center for Population 
and Family Health, 60 Haven Ave., B-3, New York, NY 10032 
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Serotonergic agonist and premenstrual syndrome 


To the Editors: Rapkin et al. (Rapkin AJ, Reading AE, 
Woo S, and Goldman LM. Tryptophan and neutral 
amino acids in premenstrual syndrome. AM J OBSTET 
GYNECOL 1991;165:1830-3) concluded “that it is un- 
likely that the aberrations of the serotonergic system in 
women with premenstrual syndrome are due to satu- 
ration of the tryptophan-carrying protein.” 
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Studies producing negative findings are as important 
as those demonstrating positive results. Hopefully, 
these negative ndings will not dampen the enthusiasm 
of the authors and others studying the relationship be- 
tween the serotonergic system and premenstrual syn- 
drome. 

The authors referred to the fascinating study by Bre- 
zezinski et al.,! which demonstrated the relief of pre- 
menstrual syndrome symptoms in patients treated with 
the serotonergic agonist fenfluramine. Over the past 8 
years, I have treated =50 patients with premenstrual 
syndrome with methylphenidate (Ritalin), which pro- 
duced marked improvement in symptoms. Methylphe- 
nidate, like fenflurarnines, is a serotonergic agonist.” 
The puzzle of premenstrual syndrome will eventually 
be solved. The critical pieces to that puzzle will most 
likely be found along the serotonin pathway. 

Michael P. Born, MD 
7300 S.W. 62nd Place, 4th Floor, South Miami, FL 33143 
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Reply 

To the Editors: We thank Dr. Born for his interest in our 
study of neutral amino acids in premenstrual syn- 
drome. We concluded that putative abnormalities of 
the serotonergic system in premenstrual syndrome are 
probably not related to saturation of the protein carrier 
for tryptophan. Other aspects of the functioning of the 
serotonergic system in premenstrual syndrome have yet 
to be explored. We note with interes: Dr. Born’s results 
with methylphenidate in the treatment of premenstrual 
syndrome. Methylphenidate, however, is an adrenergic 
agent and has nc documented serotonergic effects. The 
high placebo response in women with premenstrual 
syndrome suggests that double-blind, placebo-con- 
trolled studies need to be performed as a follow-up to 
anecdotal reports of effective treatments. 

Andrea Rapkin, MD 


Department of Obstetrics and Gynecology, CHS Building, Room 22- 
160, 10833 Le Conte Ave., Los Angeles, CA 90024-1740 


Oxytocin— The more, the better? 


To the Editors: We read with interest the articie by Satin 
et al. (Satin AJ, Hankins GDV, Yecmans ER. A pro- 
spective study of two dosing regimens of oxytocin for 
the induction of labor in patients wita unfavorable cer- 
vices. AM J OBSTET GYNECOL 1991:165:980-4). They 
demonstrated a decrease in total time to delivery and 
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an increase in the rate of “successful induction” in the 
high-dose oxytocin group. The study also concluded 
that there was no significant difference in cesarean sec- 
tion rates between the two dose levels; howevez, the 
observed rates were 1 of 32 (3%) in the low-dose group 
versus 5 of 48 (10%) in the high-dose group. The study 
design, specifically, sample size, precludes being able to 
evaluate the impact of the high-dose regimen cn ce- 
sarean section rates. Even if the true rate for the high 
dose were five times the low dose (i.e., 15% vs 3%), 
there would only be a 40% chance of being able to 
detect this (statistical power analysis by Yates’ corrected 
x’ test, a = 0.05, one-sided). This is a common prob- 
lem; smaller studies are unable to evaluate ever. rela- 
tively major increases in complication rates. A study 
would need 180 patients per group to have a power of 
80% for detecting an increase in complication rates of 
3% versus 10%. : 

The difference in the rate of hyperstimulation be- 
tween the two groups, high dose (8/48, 16%) versus 
low-dose (2/32, 6%) also suggests a trend toward 
greater complications in the high-dose group. Mercer 
et al.’ recently demonstrated in a study of 123 patients 
that a “traditional dose” of oxytocin was associated with 
significantly more hyperstimulation and abnormal fetal 
heart rate tracings than was a “low-dose” rezimen 
(p = 0.03). They also showed that a “low-dose” regi- 
men was associated with a lower rate of cesarean de- 
livery (13% vs 31%, p = 0.02). 

There was a high rate of protocol violations confined 
to the low-dose group (6 of 38, 16%). If these were 
selective violations (for example, health providers in- 
creasing oxytocin dose because of a perception of poor 
progress), then the violations could bias the outcome 
of the study. 

The definition of a failed induction after 8 to 10 
hours is debatable because it is a shorter time interval 
than is common in some communities. Did these pa- 
tients undergo cesarean delivery, continue to have in- 
duction of labor attempted with a different oxytocin 
regimen, or have a 2-day induction attempt? At a 
time when the obstetric community ts attempcing to 
lower the rate of cesarean delivery, such a strict defi- 
nition of failed induction is likely to increase the rate 
if the response to a failed induction is a cesarean 
delivery.*° 

Perhaps the lesson to be learned from this study is 
that a longer induction time interval is the price one 
must pay to minimize the rate of oxytocin-related com- 
plications. 

Doron J.D. Ros2n, MD 

Department of Obstetrics and Gynecology, Room 1738, Cedars-Sinai 
Medical Center, Los Angeles, CA 90048 

Sharon A. Nessim, DrPH 

The Scientific and Clinical Computing services, Cedars-Sina: Medical 

Center, Los Angeles, CA 90048 

Jeffrey S. Greenspoon, MD 

Department of Obstetrics and Gynecology, Room 1738, Cedars-Sinai 
Medical Center, Los Angeles, CA 90048 
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Reply 
To the Editors: We thank Rosen et al. for their interest 
in our article. We agree with their observations 
that small sample size limits the power of our 
study. 

Our study involved postterm pregnancies (94%) in 
women with unfavorable cervices (100%). The respon- 
dents contrasted our results with those of Mercer et 
al.,' but that population was defined quite differently. 
Only half of their patients had unfavorable cervices. 
Furthermore, the number of postterm inductions with 
unfavorable cervices was uncertain. As we emphasized 
in our discussion, such differences in study population 
may be the explanation for different results. 

We appreciate the opportunity to clarify the distinc- 
tion between a failed induction and a failed trial of 
induction. The time interval of 8 to 10 hours applies 
to termination of a trial of induction, not to an induc- 
tion that, when terminated, would universally lead to 
abdominal delivery. At our institution the incidence of 
cesarean birth after a failed trial of induction is <10%. 
We believe this is a result of not committing a patient 
to delivery by performing amniotomy in the presence 
of an unfavorable cervix. Sequential trial inductions are 
better tolerated than is 24 to 48 hours of continuous 
oxytocin. In our study failed inductions with intact 
membranes were simply repeated at a later date. We 
would not advocate that inductions other than trial in- 
ductions be considered failed at 8 to 10 hours. 

Oxytocin dosage requirements are unpredictable for 
the individual woman. Therefore we administer oxy- 
tocin by protocol, ensuring standardization and pre- 
sumably safety. Many regimens for both induction and 
augmentation are used throughout the United States 
and abroad. Perhaps the true lesson to be learned from 
this study is that oxytocin data may differ depending 
on the characteristics (e.g., cervix, gestational age) of 
the women treated. We can only hope much larger 
studies of various oxytocin regimens will clarify these 
issues. 

Andrew J. Satin, MD 


Department of Obstetrics and Gynecology, University of Texas 
Southwestern Medical Center, Dallas, TX 75235-9032 


Gary D.V. Hankins, MD, and Edward R. Yeomans, MD 


Department of Obstetrics and Gynecology, Wilford Hall USAF 
Medical Center, San Antonio, TX 78236 
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Revision in classification by International 
Federation of Gynecology and Obstetrics 


To the Editors: At its meeting in Singapore the Oncology 
Committee of the International Federation of Gyne- 
cology and Obstetrics revised the staging for gestational 


Table I. FIGO staging for trophoblastic tumors 
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trophoblastic disease. This was done after a 3-year re- 
view of this disease entity and with considerable input 
from the experts in the field worldwide. Staging for 
this malignancy was also discussed at the International 
Gestational Trophoblastic Meeting last held in London, 


Gestational trophoblastic tumor extending outside uterus but limited to genital structures (ad- 


Gestational trophoblastic tumor involving genital structures without risk factors 
Gestational trophoblastic tumor extending outside uterus but limited to genital structures with 


Gestational trophoblastic tumor extending outside uterus but limited to genital structures with 
Gestational trophoblastic tumor extending to lungs with or without known genital tract in- 


Gestational trophoblastic tumor extending to lungs with or without genital tract involvement and 


Stage I Disease confined to uterus 
Stage LA Disease confined to uterus with no risk factors 
Stage IB Disease confined to uterus with one risk factor 
Stage IC Disease confined to uterus with two risk factors 
Stage HI 
nexa, vagina, broad ligament) 
Stage LIA 
Stage IB 
one risk factor 
Stage LIC 
two risk factors 
Stage II 
volvement 
Stage LILA 
with no risk factors 
Stage HIB 


Stage IIG 


Gestational trophoblastic tumor extending to hings with or without genital tract involvement and 
with one risk factor | 

Gestational trophoblastic tumor extending to lungs with or without genital tract involvement and 
with two risk factors 


Stage IV All other metastatic sites 

Stage IVA All other metastatic sites without risk factors 

Stage IVB All other metastatic sites with one risk factor 

Stage IVC All other metastatic sites with two risk factors 


Risk factors affecting staging include the following: (1) human chorionic gonadotropin > 100,000 mIU/ml and (2) duration of 
disease >6 months from termination of antecedent pregnancy. 


The following factors should be considered and noted in reporting: (1) Prior chemotherapy has been given for known gestational 
trophoblastic tumor; (2) placental site tumors should be reported separately; (3) histologic verification of disease is not required. 


Table II. FIGO fallopian tube tumor staging 





Growth limited to one tube with extension into submucosa and/or muscularis but not penetrating 
Growth limited to both tubes with extension into submucosa and/or muscularis but not penetrat- 


Tumor either stage IA or stage IB but with extension through or onto tubal serosa or with ascites 


Tumor either stage IJA or IIB and with ascites containing malignant cells or with positive perito- 
Tumor involving one or both fallopian tubes with peritoneal implants outside pelvis and/or posi- 
tive retroperitoneal or inguinal nodes. Superficial liver metastasis equals stage IHH. Tumor ap- 

pears limited to true pelvis but with histologically proved malignant extension to small bowel or 
Tumor grossly limited to true pelvis with negative nodes but with histologically confirmed micro- 


Tumor involving one or both tubes with histologically confirmed implants of abdominal perito- 


Abdominal implants >2 cm in diameter and/or positive retroperitoneal or inguinal nodes 


Stage 0 Carcinoma in situ (limited to tubal mucosa) 
Stage I Growth limited to fallopian tubes 
Stage IA 
serosal surface; no ascites 
Stage IB 
ing serosal surface; no ascites 
Stage IC 
containing malignant cells or with positive peritoneal washings 
Stage I] Growth involving one or both fallopian tubes with pelvic extension 
Stage ITA Extension and/or metastasis to uterus and/or ovaries 
Stage IIB Extension to other pelvic tissues 
Stage IIC 
neal washings 
Stage HI 
omentum 
Stage IHA 
scopic seeding of abdominal peritoneal surfaces 
Stage IIIB 
neal surfaces, none exceeding 2 cm in diameter. Lymph nodes are negative 
Stage HIC 
Stage IV 


Growth involving one or both fallopian tubes with distant metastases. If pleural effusion is pres- 
ent, cytologic fluid must be positive for malignant cells to be stage IV. Parencnymal liver metas- 
tasis equals stage IV 





Note: Staging for fallopian tube carcinoma is by the surgical pathologic system. Operative findings designating stage are 
determined before tumor debulking. | 
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and that deliberation was taken into consideration for 
this new staging. On the basis of currently available 
data and recommendations, the Oncology Committee 
decided to combine the classic anatomic staging with 
prognostic factors (Table I). It was believed that this 
break in tradition was warranted in view of the unique- 
ness of this malignancy. Histologic confirmation, which 
is required for other cancers, would not be necessary. 
It is hoped that with this new staging the trophoblastic 
oncology community will embrace the new classification 
and replace the multiple stag:ngs used by various in- 
vestigators throughout the world. 

FIGO did not have a staging classification for fallo- 
pian tube carcinoma. Althouga this entity represents a 
small fraction of all gynecologic cancers, the committee 
thought that staging should be established. This staging 
is based on the ovarian carcinama classification because 
the spread pattern is similar (Table II). 

i Witham T. Creasman, MD 


Department of Obstetrics and Gynecology, Medical U niversity of South 
Carolina, 171 Ashley Ave., Charlesten, SC 29425-2233 


Ultrasonographic standards for measuring rena! 
collecting system dilation 


To the Editors: Since we, too, have been concerned with 
the implications of the prenatal identification of con- 
genital hydronephrosis, we read with interest the article 
by Corteville et al. (Corteville JE, Gray DL, Crane JP. 
Congenital hydronephrosis: Correlation of fetal ultra- 
sonographic findings with infant outcome. Am J OB- 
STET GYNECOL 1991;165:384-8). Although the manu- 
script illuminated several important considerations in 





Fig. 1. Anteroposterior renal pelvis diameter (renal sinus). 





Fig. 2. Anteroposterior renal pzlvis diameter (midportion of 
kidney). 
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dealing with a fetus at risk for congenital hydrone- 
phrosis, we had several questions regarding the article. 

The purpose cf their study was “to determine the 
best ultrasonographic predictor(s) of renal compromise 
and/or the need for surgical intervention... .” (italics 
added). The predictors considered included measure- 
ment of the: (1) kidney length, transverse diameter, and 
anteroposterior diameter; (2) renal pelvis length, trans- 
verse diameter, and anteroposterior diameter; (3) max- 
imal renal parenchymal thickness. The authors con- 
cluded that “for prenatal diagnosis of congenital hy- 
dronephrosis, the anteroposterior diameter of the renal 
pelvis is simplest and has sensitivity and false-positive 
rates that are equal or superior to those of other ul- 
trasonographic approaches.” They suggest using an an- 
teroposterior diameter of =4 mm before 34 weeks and 
=7 mm at or beyond 34 weeks will identify 100% of 
all fetuses with nephrosis (100% sensitivity). They pre- 
sented an image similar to that presented in Fig. | to 
lustrate this measurement. 

It is our experience that Fig. 1 does not represent 
the typical ultrasonographic appearance of calicectasis, 
but it appears to show the anteroposterior diameter of 
the renal sinus. The authors’ schematic may represent 
a transverse tomographic plane either cranial or caudal 
to the midbody of the kidney. The typical transverse 
image used in this assessment is obtained at the mid- 
portion of the kidney, at the insertion of the ureter (the 
renal pelvis). We believe that Fig. 2 more accurately 
depicts the usual presentation of fetal renal anatomy 
in pyelectasis. Given this, one may ask, “In this image, 
where does the sonographer measure?” Figs. 3 and 4 
show two examples of mild renal pelvis dilatation at the 
midbody of the kidney. We respectfully ask the authors 
to respond to the following questions: (1) Which is the 
appropriate measurement of the anteroposterior di- 
ameter? (2) Are these significant in terms of risk for 
congenital hydronephrosis (assuming the fetuses are 
<31 weeks’ gestation)? 

Second, in Table III of the article, the authors com- 
pared the anteroposterior diameter to the risk of post- 
natal congenital hydronephrosis in terms of diagnostic 
sensitivity and false-positive rates. They reported that 
an anteroposterior diameter measurement of =4 mm 
identified all fetuses with nephrosis (100% sensitivity, 
regardless of gestational age). However, the false-pos- 
itive rate declined from 55% at 14 to 23 weeks to 24% 
at 33 to 42 weeks. The renal pelvis normally enlarges 
with increasing gestational age; therefore one would 
expect the false-positive rate to be higher later in preg- 
nancy. Table ILI also shows larger thresholds (27 and 
>10 mm) to have similar trends. How would the au- 
thors explain this? | 

The authors acknowledge that the ultrasonographic 
criteria for the prenatal diagnosis of congenital ne- 
phrosis are poorly defined. The study population in 
this article included 63 fetuses who were presumed to 
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Fig. 3. Example 1: Mild renal pelvis dilatation at midbody of kidney. 
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Fig. 4. Example 2; Mild-renal pelvis dilatation at midbody of kidney. 


have hydronephrosis. Itis unclear from this study what minimum criteria of =4 mm dilatation of the antero- 
criteria were used to identify fetuses at risk. Of the 63, ‘posterior diameter, our anecdotal experience would 
45 (71%) were confirmed to have congenital hydro- lead to identifying approximately 5% to 10% of all fe- 


nephrosis on the basis of postnatal evaluation. With the tuses at risk. In a recent study published in The New 
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England Journal of Medicine, Benacerraf et al.’ found 
3% of fetuses in their population to have this level of 
renal prominence (=4 mm). With this estimate and 
considering that there is a false-pcsitive rate of ap- 
proximately 50%, the true-positive rate yields an inci- 
dence of 1.5% or 1 in 66 in the general population. 
This represents a fivefold increase in the authors’ in- 
cidence (1 in 330, from an unpublished and unrefer- 
enced source). How would the authors explain this dif- 
ference? 

Certainly the discussion surrourding the manage- 
ment of the fetus with mild renal prominence is timely. 
With present high-resolution ultrasonographic equip- 
ment, subtle abnormalities are beirg detected at ever- 
increasing rates. However, the significance of these ab- 
normalities remains undetermined. 

Wayne Persuite, BS, RDMS, and Roger R. Lenke, MD 


Department of Obstetrics and Gynecology, University of Colorade 
Health Science Center, Denver, CO 80262 


REFERENCE 


I. Benacerraf BR, Mandell J, Estroff JA, et al. Fetal pyelec- 
tasis: a possible correlation with Down syndrome. Obstet 
Gynecol 1990;76:58-60. 


Reply 
To the Editors: We appreciate the interest shown in our 
work and would like to respond to the following points. 
Fig. 1 in the letter of Persutte and Lenke demonstrates 
pyelectasis, not calicectasis. The anechoic space (de- 
noted by arrows) represents the fluid-filled renal pelvis 
and not the renal sinus as suggested in the letter. The 
renal sinus is a potential space containing vessels, as 
well as fat, in adults. 

Fig. 2 illustrates prominence of the extrarenal pelvis. 
This is considered a normal anatomic variant and 
should not be mistaken for ureteropelvic Junction ob- 
struction. In some fetuses both the intrarenal and 2x- 
trarenal pelves may appear prominent. The possibility 
of clinically significant obstruction or reflux is grezter 
in this situation. Accordingly, follow-up studies would 
be appropriate. 

Neither Fig. 3 nor Fig. 4 represents clinically signif- 
icant dilatation of the renal pelvis in our experience. 
Electronic calipers were apparently not used in Fig. 4; 
however, hand-held calipers yield an anteroposterior 
pelvic diameter of 2 to 3 mm. This would be considered 
within normal limits and below our lowest threshold of 
4 mm for fetuses <33 weeks’ gestation. 

With respect to our Table IH the false-positive rate 
for each prescribed threshold does indeed decrease 
with advancing gestational age. This may reflect the 
relative growth rates of the developing renal paren- 
chyma, renal pelvis, and ureteropelvic junction. Spon- 
taneous resolution of mildly dilated renal pelves may 
therefore occur as fetal age advances. The probability 
of spontaneous resolution would be expected to de- 
crease as the scan-to-delivery interval shortens (1.e., per- 
sistent renal pelvic dilatation during the third trimester 
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is more likely to represent a clinically significant prob- 
lem, thereby reducing the observed false-positive 
rate). 

As acknowledged in our article, the study population 
included all cases in which hydronephrosis was sus- 
pected by gross ultrasonographic appearance. This en- 
try criterion was nebulous by necessity because the 
quantitative criteria for defining significant renal pye- 
lectasis had not been previously established. 

Finally, the incidence of congenital hydronephrosis 
will vary, depending on the method of ascertainment. 
The incidence of 1 in 330 referenced in the introduc- 
tion of our article was derived from a population of 
low-risk patients. In our own high-risk referral popu- 
lation, I in every 45 fetuses is found to have an antero- 
posterior renal pelvic diameter that exceeds the 
thresholds advocated in our article. The incidence of 
hydronephrosis as confirmed by postnatal evaluation is 
approximately 1 in 66. In summary, we believe that the 
standards established by our study enhance diagnostic 
accuracy and provide sound guidelines for the man- 
agement of this common ultrasonographic finding. 

Jane E. Corteville, MD 


Genetics Division, Department of Obstetrics and Gynecology, 
Washington University School of Medicine, 216 S. Kingshighway, 
Si. Louis, MO 63110 


Hemorrhagic endovasculitis of the placenta and 
fetomaternal hemorrhage: A relationship? 


Te the Editors: Novak et al. (Novak PM, Sander M, Yang 
SS, von Oeyen PT. Report of fourteen cases of non- 
immune hydrops fetalis in association with hemor- 
rhagic endovasculitis of the placenta. AM J OBSTET Gy- 
NECOL 1991;165:945-50) reported a series of 14 cases 
of nonimmune hydrops fetalis associated with hem- 
orrhagic endovasculitis of the placenta. In 1989 we re- 
ported a series of 66 cases of fetal death, three of which 
were determined to be associated with a massive feto- 
maternal hemorrhage.’ While a placental pathologic 
exemination was available in only two of these three 
cases, one showed hemorrhagic endovasculitis. The re- 
lationship between fetomaternal hemorrhage and non- 
immune hydrops fetalis has been well established, and 
it has been suggested that a fetal cell stain be performed 
as part of the evaluation of nonimmune hydrops.? 
Therefore we are inquiring as to whether any of these 
patients with nonimmune hydrops and hemorrhagic 
erndovasculitis had experienced a significant fetoma- 
ternal hemorrhage? l 
John Owen, MD 


Department of Obstetrics and Gynecology, University of Alabama at 
Birmingham, UAB Station, Birmingham, AL 33233-7333 


REFERENCES 


1. Owen J, Stedman CM, Tucker TL. Comparison of pre- 
delivery versus postdelivery Kleihauer-Betke stains in cases 
of fetal death. AM J OBSTET GYNECOL 1989;161:663-6. 

2. Warsof SL, Nicolaides KH, Rodeck C. Immune and non- 
immune hydrops. Clin Obstet Gynecol 1986;29:533-42. 
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Reply 
To the Editors: We appreciate the interest and comments 
of Owen regarding our recent report. In their series 
of cases of fetal deaths to which he refers, Owen and 
associates documented one case of massive fetomater- 
nal hemorrhage in which the placenta showed hem- 
orrhagic endovasculitis, although hydrops fetalis was 
nct noted. We speculated in our report. whether feto- 
placental hemorrhage could be implicated in the de- 
velopment of hydrops fetalis because the characteristic 
alterations in hemorrhagic endovasculitis include in- 
travillous hemorrhage and the destruction of fetal 
erythrocytes. In this setting fetal blood loss might be 
due, at least in part, to hemolysis and the intraplacental 
hemorrhage. Fetomaternal hemorrhage could conceiv- 
ably occur if the hemorrhagic endovasculitis lesions 
were near the villous surface, resulting in hemorrhage 
into the intervillous space. 

Df the 14 cases of nonimmune hydrops fetalis as- 
sociated with hemorrhagic endovasculitis that we re- 
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ported, hemorrhagic endovasculitis was the only sig- 
nificant pathologic finding evident in eight. OF these 
eight cases, results of the fetal cell stain of maternal 
blood (Kleihauer-Betke test) were available for four. 
All of the four tested in this manner were considered 
negative. The data from this limited sample do not 
support significant fetomaternal hemorrhage in these 
cases. 

Patricia M. Novak, DO 


Department of Anatomic Pathology, Wiliam Beaumont Hospital, 
Royal Oak, MI 48073 


C. Maureen Sandzr, MD 

Department of Pathology, Michigan Siate University, East Lansing, 
MI 48824 

S. Samuel Yar-g, MD 


Department of Anatomic Pathology, Wiliam Beaumont Hospital, 
Royal Oek, MI 48073 


Paul T. von Oeyen, MD 


Department of Obstetrics and Gynecology, William Beaumont 
Hospital, Royal Oak, MI 48073 
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Announcements of major meetings and other significant activities must be 
received at least 8 weeks before the desired month of publication. All an- 
nouncements carry a charge of $60.00 U.S. per insertion and the fee must 
accompany the request to publish. Information will be limited to title of 
meeting, date, place, and an address to obtain further information. Send 
announcements and payment, payable to this JOURNAL, to Kay G. Goehler, 
Senior Manuscript Editor, Journal Editing, Mosby—Year Book, Inc., 11830 
Westline Industrial Drive, St. Louis, MO 63146-3315. 


Problem Solving in Gynecologic Endocrinology and 
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Infertility, December 4-5, 1992, The Knick- 
erbocker Hotel, Chicago, Ilinois. Credit: 10 
hours, category 1, 10 cognates, formal learn- 
ing, ACOG. For information contact: The 
University of Chicago, Center for Continuing 
Medical Education, 6019 South Kimbark, Box 
129, Chicago, IL 60637. TeL: (312) 702-1056; 
fax: (312) 702-1736. 


Bound volumes available to subscribers 

Bound volumes of the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY are avail- 
able to subscribers (only) for the 1992 issues from the Publisher, at a cost of $68.00 for 
domestic, $95.76 for Canada, and $91.00 for international for Vol. 166 (January-June) 
and Vol. 167 (July-December). Shipping charges are included. Each bound volume contains 
a subject and author index and all advertising is removed. Copies are shipped within 60 


The Society for Minimally Invasive Therapy, IVth 


International Conference, November 8-10, 
1992, National Concert Hall, Dublin, Ireland. 
Includes live M.I. techniques via satellite. Host 
Chairman: Professor John Fitzpatrick. For 
further details contact: 47 Eccles St., Dublin 
2, Ireland. Tel.: +353-1-308530 or 071 430 
2858; fax: +353-1-300345 or 071 831 6745. 


days after publication of the last issue in the volume. The binding is durable buckram with 
the JOURNAL name, volume number, and year stamped in gold on the spine. Payment must 
accompany ali orders. Contact Mosby— Year Book, Inc., Subscription Services, 11830 Westline 
Industrial Drive, St. Louis, MO 63146-3318, USA; phone (800) 325-4177, ext. 4351, or 


(314) 453-4351. 


Subscriptions must be in force to qualify. Bound volumes are not available in place 


of a regular JOURNAL subscription. 









WHEN ARE YOU DUE? 
(For a Change) 


For more information on these opportunities, contact Wade Christoffel, Fox Hill Associates, A 
250 Regency Court, Waukesha, W! 53186. Call Toll Free: 1-800-338-7107 
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ESS Se ai $ Sarasa 
England’ S largest maS care system is about to give birth to several great 
opportunities. As a result of these exciting developments, excellent positions exist in 
group practices for BC/BE OB/GYNs, Academic appointments available. 


New State-of-the-Art Women’s Health Care Center 


+ Combines OB/GYN programs of St. Margaret’s, a renowned regional perinatal 
referral center, and St. Elizabeth’s, an acclaimed 350-bed university medical center 

@ Major teaching institution affiliated with Tufts University School of Medicine 

+ Become part of the nation’s preeminent medical community looking for OB/GYN 
to join strong, five-physician practice in Boston area 


Prominent Acute Care Facility Completing 
Major Redesign of Maternity Unit 


+ Join new, currently forming, three-physician practice in desirable town of Andover in 
picturesque Merrimack Valley 30 miles north of Boston 

è Less than an hour to the mountains and the ocean 

+ Enjoy suburban New England lifestyle in one of area’s most sought after communities 


Above average compensation, including salary, bonus and benefits. Equity position and 
investment opportunities available. 





2A 





OBSTETRICIANS AND GYNECOLOGISTS 
Illinois 
OB/GYN Physicians needed to join Carle Clinic 


Association, a 225 physician, multi-specialty group 


practice in central Illinois with opportunities at the 
main campus as well as three additional sites - 
Urbana, Bloomington, Danville and 


Mattoon/Charleston. These communities offer - 
recreational, cultural and educational amenities. 
Benefit package includes a competitive salary wich 
partnership and income sharing plan after two 
years, professional liability insurance, health, life 
{| and disability insurance and generous. vacation and 
meeting time. Contact: 


Robert C. Parker. Jr., MD 
Medical Director « 
' . Carle Clinic Association 
-602 W. University, Urbana, Illinois 61801 - 
-Phone 217-383-3399 - Fax 217- ae 


a us 
‘Carle Clinic Association i Hl 


Women’s Health Center 
A highly desirable OB GYN opportu- - 
nity is available in this state of the art 
facility dedicated to women’s health 
care. Situated in the natural beauty of 


Virginia’s historic and scenic Shenan- 
doah Valley, the center is only two 


hours-from the nation’s capitol. Com- - 
pensation is a For more in- 
formation contact: 


= Jim Paxton ` 
` at 1-800-683-0259 
or fax C.V. to - 
804-626-0651 











- Boston University School of Medicine 


— of Obstetrics & Gynecology 
presents. 


BOSTON UNIVERSITY UPDATE 
IN OBSTETRICS AND 
GYNECOLOGY-1992 
E Course Directors | 


Leonard J. Cibley, M.D. 
Laurence J. Cibley, M.D. 


A distinguished faculty will emphasize con- 


- troversial topics and management of patients 


in broad areas. of obstetrical and gynecologi- 
cal practice: This program should prove of 


- interest to the practicing obstetrician- 


gynecologist, resident-in-training, as well as 
to the nurse-midwife and nurse practitioner.. 


. November 4-6, 1992 
Ritz-Carlton Hotel 
Boston, Massachuseetts 


For further information contact: Dept. of Con- 
tinuing Medical Education, Boston University - 
School of Medicine, 80 E. Concord St., Bos- 
ton; MA 02118, (617) 638-4605. 











VERMONT GYN 
PRACTICE OPPORTUNITY 


A gynecologist only needed for 
solo practice in high quality 





southern Vermont community. 


Progressive 84-bed hospital. 
Beautiful, culturally active area 
with access to major ski areas. 


Hospital will provide financial 


support, office space and 
optional practice management. 


_| Send c.v. to Prudence MacKinney, 


V.P. Professional Services, 


BRATTLEBORO 
MEMORIAL HOSPITAL 

-= 9Belmont Avenue — 
Brattleboro, VI 05301 


We’ re here for you 





OB-GYN Physicians 


Large multispecialty group is seeking to 
add BC/BE Obstetrician-Gynecologists to 
its current staff of five. Department is ac- 
tive in donor and husband insemination. 
Opportunity to develop in Vitro and Gift 
Programs available. 


Fargo Clinic MeritCare is located next to 
ot. Luke’s Hospitals, a 400 bed tertiary 
care & trauma center. St. Luke’s is a 
NACHRI designated Children’s Hospital 
with a level Ill ICN staffed with four BC 
Neonatologists. 


Fargo, ND, and its sister city of Moorhead, 
MN, is atri-college community of 130,000. 
Exceptional opportunities for cultural, rec- 
reational, sporting or hunting activities 
available year around. 


Competitive compensatory package. Re- 
spond to Kathleen McKittrick Toft, Direc- 
tor, Physician Recruitment, 737 Broad- 
way, Fargo, ND 58123 or call 1-800-437- 
4010, Ext. 2151. 





PERINATOLOGY 
Chief of Obstetrics 


Excellent opportunity for a BE/BC Mater- 
nal-Fetal Medicine Specialist to provide leadership 
at an outstanding private teaching hospital in 
Cleveland, Ohio. The position includes teaching, 
diagnostics and consultation; private practice 
component, Faculty appointment at a major 
University and research facilities available. 

Exceptional staff and administrative 
support. New Fetal Diagnostic Center. Highly 
competitive compensation package. 

Cleveland is a world class city located on 
beautiful Lake Erie. Sailing, fishing, professional . 
sports, outstanding arts and cultural activities, 
many colleges and universities, great restaurants. 

For information, call and/or send CV to: 


Rob Gamage, Consultant, 800-633-6832 


OCUS: 
ealthcare’ 


129 N. Adams St. * Louisville, KY 40206 





OBSTETRICIAN- 
GYNECOLOGIST 


Board Eligible/Board Certified OB- 
GYN to join four physician Department 
in 48 physician fee for service multi- 
specialty group in a city of 70,000 lo- 
cated adjacent to the Rocky Moun- 
tains. Large drawing area, outstand- 
ing variety of year-round recreational 


lifestyle. Guaranteed minimum in- 
come, malpractice, educational bene- 
fits and early partnership. For further 
details please call or forward C.V. to: 


Robert J. McClure, M.D. 
1400 29th St. So. 

P. O. Box 5012 

Great Falls, Mt. 59403 
(406)-454-2171 





The Department of OB/GYN of Lehigh Valley Hospital, an 
830-bed tertiary care teaching hospital, is seeking 
additional full-time senior ard junior clinical faculty in all 
subspecialties including gynecologic urology. Also 
seeking a Chief of the Section of Gynecology. The 
physicians’ roles will include consultative patient care, 
medical leadarship, program development, student and 
resident education and research as desired. The 
opportunity exists to customize the role to your particular 
career goals. Candidates should be board certified or 
active candidates for certification in their subspecialty. 


Lehigh Valley Hospital is a regional referral medical 
center which serves as a clinical campus of Hahnemann 
University for student education and maintains a free- 
standing, fully-accredited OB/GYN residency program. 


Allentown, et ae iS a cosmopolitan city, 60 niles 
north of Philadelphia and 80 miles west of New York City. 
The area has excellent school systems, nine colleges and 
universities and diverse cultural offerings. An excellent 
compensation package has been designed to recruit 
qualified candidates. Please send c.v. io: 


Carol Voorhees 
Vice President 
Lehigh Valley Hospital 
„ 1243 S. Cedar 
[FHI VALLEY Crest Boulevard 
Ee. rae 3120 
llentown, PA 18103 
HOSPITAL or call (215) 402-3090 


Equal Opportunity Employer 
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OBSTETRICIAN/GYNECOLOGIST 


Unique opportunity for 2 board certified/ 
board eligible obstetrician/gynecologists, 
90 minutes from New York Cily. Sullivan 
County Catskill Mountains, semi-rural pic- 
turesque communities. Quality lifestyle/ 
recreational amenities. Fully equipped 
modern 220 bed facility with comprehen- 
sive diagnostic & therapeutic services in- 
cluding 24 hour emergency room services 
and shared on-call coverage. ‘Excellent 
compensation package including 
$225,000 minimum income guarantee. 
Eligible for N.Y.S. Regents Scholarship 
& Loan Forgiveness Program financial 
assistance. Contact 


Mr. Martin |. Richman 
Executive Director 
Community General Hcspital 
of Sullivan County 
P. O. Box 800 
Harris, NY 12742 
Tel. (914) 794-3300 


FACULTY POSITIONS 


GENERALIST OBSTETRICIAN/ 
' GYNECOLOGIST 
MATERNAL/FETAL MEDICINE 
SUBSPECIALIST 
GYNECOLOGIC ONCOLOGIST 
REPRODUCTIVE ENDOCRINOLOGIST 


The James H. Quillen College of Medicine of East Ten- 
nessee State University offers an excellent opportunity 
to physicians of these specialties who ars Board Certified 
or Board Eligible. This opportunity offers both tangible 
and intangible benefits sometimes nol found in larger 
cities. Our emphasis is on excellence in service to pa- 
tients, education, and research. These faculty positions, 
both tenure track and grant-supported, are at open rank 
and offer very competitive salaries and excellent fringe 
benefits. The Gynecologic Oncolagist position is funded 
by an outside source. The Tri-Cities area boasts of good 
schools and suburban living in beautiful Northeast Ten- 
nessee with easy access to various cultural activities. 
Our outdoor sports include all water sports, snow skiing, 
the Appalachian Trail, and numerous scenic attractions. 
Our medical referral base consists of 1.3 million people 
within a 50 mile radius. Send curriculum vitae to: 


Frederick R. Jelovsek, M.D. 
Professor and Chainnan, 
Dept. of OB/GYN 


James H. Quillen 
College of Medicine E T ETSU 
East Tennessee State University 
Box 70,569 
Johnson City, TN 37614-0569 


ETSU is an AA/EO employer. 


East Tennessean Siste University Tennessee State University 





OBSTETRICS 
AND GYNECOLOGY 


An outstanding cpportunity exists to 
join practice in a midwest city. This 
practice is affiliated with a major 
teaching medical center. The position 
offers outstanding professional, finan- 
cial and excellent lifestyle oppor- 
tunities. For further information con- 
tact: 


Mariann Clark, 
Medical Search Consultant 
1200 Pleasant Street 
Des Moines, lowa 50309 
- or call 800-882-5911 

fax (515) 241-5994 


Perinatologist 


The Department of Obstetrics and Gynecology 
of the Long tsland Jewish Medical Center is 
recruiting a third Perinatologist to join the 
Division of Maternal/Fetal Medicine. The 
Medical Center is an 825-bed institution with 

approximately 4,000 deliveries each year, 40% 
of which are “high risk”. An established 
Antepartum Testing Unit operated by the Divi- 
sion offers sophisticated ultrasonographic 
facilities and doppler technologies for fetal 
blood flow assessment. Our Neonatal ICU is 

- one of the largest and most advanced in the 

entire metropolitan area. Experience with in- 
vasive techniques like CVS and PUBS preferred. 


Responsibilities include student and resident 
teaching, prenatal diagnosis, perinatal con- 
sultation and a strong interest in research. 


Excellent benefit package includes competitive 
salary, pension plan and ample time for 
research end scientific meetings. Contact: 

Dr. Adiel Fleischer, Department of OB/GYN, 
Room 1100, at (718) 470-7660. Long Island 
Jewish Medical Center, 270-05 76th Avenue, 
New Hyde Park, NY 11042. An Equal Oppor- 
tunity Employer. 


Long Island Jewish 
Medical Center 


The Long Island Campus for the 
Albert Einstein College of Medicine 





MEDICAL CENTER OF DELAWARE 


CHAIRPERSON OF THE 
DEPARTMENT OF OBSTETRICS- 
GYNECOLOGY 


The Medical Center of Delaware, an 1100 
bed, tertiary care major teaching institution 
affiliated with Thomas Jefferson University, 
seeks a full-time chairperson of the Depart- 
ment of Obstetrics-Gynecology. Over 6,500 
deliveries and 34,000 procedures are per- 
formed annually. 


Candidates should have recognized clinical 
Skills, administrative ability and experience in 
a department with a fully accredited Ob-Gyn 
residency and active research programs. The 
successful candidate will receive an aca- 
demic appointment commensurate with ex- 
perience at Jefferson Memorial College of the 
Thomas Jefferson University in Philadelphia, 
PA. 


Please send curriculum vitae to: Garrett H.C. 
Colmorgen, M.D. Chairman, Search Commit- 
tee, c/o Patti Falkowski, CMSC, P. O. Box 
1668, Wilmington, DE 19899. 


The Medical Center of Delaware is an affirma- 
tive action/equal opportunity employer. 





Charming New England Community 


Challenging practice that admits to 
a tertiary teaching hospital with 
a fully accredited OB/GYN 
residency program 


Excellent compensation, benefits 
and relocation incentive 


A 1-in-5 call schedule with 
predictable time off 


FACULTY POSITION 
DEPT. OF OBSTETRICS AND GYNECOLOGY 


The Obstetrics and Gynecology Residency Training 
Program at Oakwood Hospital is searching for additional 
faculty for its 16 position, fully-accredited program. 
Responsibilities will include resident and student teaching 
in both an ambulatory and inpatient setting, clinical research, 

rivate practice opportunity and limited educational admin- 
istration. The successful candidate will be a clinically 
oriented, BC/BE general OB/GYN with a demonstrated 
commitment to academic medicine. 


Oakwood Hospital is a 615-bed acute tertiary care institu- 
tion and serves as the centerpiece of a 1,900 bed healthcare 
system in southeastern Michigan. The hospital has a zenter 
of excellence in Women and Children's care, which includes 
a level Ill neonatal intensive care unit. The residency 
program has six full-time faculty as well as cectified 
sub-specialist in Maternal-Fetal Medicine, Reproductive 
Endocrinology, and Gynecologic Oncology. A psychiatrist 
and behavioral scientist also support the program. 


A competitive salary, benefit package and incentive 
program are offered, as are numerous opportunities for 
personal professional development. 


For more information regarding this position contact: 
Oakwood Physician Services, 10501 Telegraph Foad, 
Suite L030, Taylor, MI 48180-3329; 800-222-0154 or 
(313) 292-2500; FAX (313) 292-2628. Equal Opporiunity 
Employer. 


Wa Oakwood Hospital 


4 Subsidiary of Oakwood, Health Services 


SAN FRANCISCO 
BAY AREA, CALIFORNIA 


Location, Location, Location. Eclectic 
college and professional community 
just 10 miles across the bay from San 
Francisco. Culture, arts, pro sports ga- 
lore and unlimited outdoor recreation. 
Join a well-established group of four 
Obstetrician/Gynecologists in a 
booming practice. Excellent salary, 
bonus and benefits package. State-cf- 


the-art hospital rated #1 in California! 
For more information on this opportu- 
nity: call Kevin Perpetua or Roger 
Hamilton at (800) 876-0500 or (214) 
444-2200 or send your CV to Merritt, 
Hawkins & Associates, 222 W. Las 
Colinas Blvd., Suite 1920, Irving TX 
75039. Reference 1539. 


For more information call Joanne A. Alderman, RN, MPH, 
Executive Assistant to the Medical Director, at (800) 457- 
6145 or send c.v. to: Medical West Community Health Plan, 
360 Birnie Ave, Dept OB, Springfield, MA 01107. 


Medical West. 
‘Community Health Plan — _ 
A BLUE CROSS & BLUE SHIELD HMO 
s a 


We are an equal opportunity/affirmative action employer 
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OB/GYN Opportunity in 
. North Carolina 


The Rural Health Group, Inc. in Jackson, 
NC invites you to practice OB/GYN in an 
area where your patients appreciate the 
service you provide and respect your will- 
ingness to serve. — 


Be part of a multi-disciplinary team includ- 
ing 2 OBs, 3 FPs, 1 IM and several PAs, 
working in a modern, well equipped facil- 


ity. You will receive an attractive compen- 
sation package, plus have your medical i 


. school loans repaid. 


Rural Health Group, Inc. offers an oppor- 


tunity to serve, and a quality lifestyle in 


an area only four hours from Washington, 
DC, and less than two hours from Raleigh, 
NC and Richmond, VA. | 


For móre information, please call Bill 


Remmes, Executive. eres at (919) 
Sat 1661. 





The Health Center 
for Women 


St. erm Medical Center 


Ramsey Clinic 


THE DEPARTMENT OF OBSTETRICS AND GYNECOLOGY 
UNIVERSITY OF WISCONSIN MEDICAL SCHOOL 


is seeking applicants for. two .(2) full-time faculty positions for a 
new women’s health center and academic program at its Milwaukee 
Clinical Campus. 


Sinai Samaritan Medical Center hes recently consolidated its obstet- 
rical and gynecological services in a redesigned facility in downtown 
Milwaukee. The department supports a residency progrem, the 
- . largest perinatal service in Wisconsin (5500 deliveries), consultative 
"ultrasound, genetic and infectious disease programs, and reproduc- 
tive/endocrine services {includinc an IVF program). The department 
is affiliated with Planned Parenthood of Wisconsin and St. Luke's 
Medical Center in Milwaukee. 
Qualifications include a board candidacy or certification in obstetrics 
and gynecology and a commitment to teaching residents, medical 
students, and clinical research. Qualifications for the two positions 
for GENERAL OB/GYN zan take into consideration special individual 
interests. Special expertise of interest for the department are: 
—- STATEWIDE FAMILY PLANNING 
(Part-time medicai director, Planned Parenthood) 


— OPERATIVE LAPAROSCOPY, HYSTEROSCOPY 
_--UROGYNECOLOGY - 
~~QB/GYN ULTRASOUND ©: 
Private practice opportunities are also ‘available in an associated 
offsite multispecialty clinic anc all faculty members participate in 
a group practice at the institution. Contact: 


‘Chester B. Martin, M.D. Fredrik F. Broekhuizen, M.D. 
Chairman . Chairman and Chief 
Department of Obstetrics and Milwaukee Campus 
Gynecology Department of Obstetrics/ 
University of Wisconsin Gynecology 
Medical Schi. University of Wisconsin 
600 Highland “Avenue, Medical Schi. 
H4/654 CSC Sinai Samaritan Medical Center 
Madison, WI 53792 2000 West Kilbourn Avenue 
nn ` Milwaukee, WI 53233 
(414) 937- 5600 


The University of Wisconsin Medical School is an equal opportunity employer 





Live In One of America’s 





Super Cities. .. 


Program expansion within the University of South Dakota 
School of Medicine’s Department of Obstetrics and - 
Gynecology necessitates the addition of BC/BE physicians 






in: gynecologic oncology, perinatology, reproductive 
endocrinology and urogyrecology. Under construction is a 
state-of-the-art University Health Science Center. New on 
campus medical center facilities will house.comprehensive 
inpatient and ambulatory services for Women’s and 
Children’s Hospital. Research endeavors are growing within 
our Department and ample resources are available. 





















The Health Center for Women at St. Paul- „Ramsey 
Medical Center and Ramsey Clinic is seeking out a 
physician specializing in obstetrics and gynecology 
to join the multi-disciplinary team at the Center. The 
Health Center for Women is a new approach to 
health care and was designed exclusively forwomen. 
Candidates should be board certified/eligible and 
possess excellent interpersonal skills. The Twin Cit- 
les of Minneapolis and St. Paul are two of the 
country's cleanest, safest and most enjoyable metro- 
politan areas! For more information, kindly forward | 
your curriculum vitae to: ` . ; 
Loriese A. Stoll l 
Director of Professional Services 
i Ramsey Clinic. 
640 Jackson Street 
St.. Paul, Minnesota 551 01-2595 
(612) 221-3067 


Equal Opportunity Employer | 


RAMSEY 


As Kiplinger’s. Personal Finance Magazine recently state 
Sioux Falls is a “Super City” of 110,000 where opportunity - 
knocks loud and the good things in life are close at hand. 

1 Sioux Falls features a strong economy, excellent schools and 
numerous cultural and recreational activities in a family 


oriented, safe community. Coy 


3 


University of South Dakota 
School of Madicine 









Competitive financial package. Send ` 

Curriculum Vitae to: R.H. Wiebe, M.D., 

Professor and Chairman, Department of — 
Obstetrics and Gynecology, c/o Physician 
Placement Program, 1190 South Euclid 
Avenue, Sioux Falls, South Dakota 
57117-5039 or call 800-468-3333 for 
more information. 
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Generalist 
_ Obstetrics/Gynecology 


The Department of OB/GYN of St: Elizabeth Hospi- - 
tal Medical Center, a 660 bed teaching affiliate of 
The Northeastern Ohio Universities College of 
Medicine, is seeking a full-time clinical faculty mem- 
ber. Desire a BC/BE generalist interested in teaching 
and supervising residents and medical students as 
well as participating in direct patient care in ambula- 
tory and hospital settings. The community offers a 
strong housing market, excellent educational 
resources, and abundant recreational facilities. 

Send C.V. to: Michael M. Makii, M.D., 
Chairman/Director of Education, OB/GYN, 
St. Elizabeth Hospital Medical Center, 

1044 Belmont Ave., Youngstown, OH 44501. 
Or call (216) 746-2255 ext. 2766. 


An equal opportunity employer. 


pal 


1044 Belmont Ave. e Youngstown, Ohio 
Member of the Humility of Mary Health Care System 
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PORTUNITIES 


St. Luke’s\Roosevelt Hospital Center is a 1315-bed major teaching 
affiliate of Columbia University College of Physicians and 





Surgeons. We are about to complete a major rebuilding program — 


which will include all new, state-of-the-art obstetrical facilities, and 
currently seek the following Physicians to join our OB/GYN 


Department. 

OB/GYN GENERALISTS 
Requires BC/BE Certified Generalists in OB/GYN. These posi- 
tions involve participation in the Faculty Practice, in-house 
OB/GYN activities, om patent clinics, resident education and 
research, 


MAT ERNAL/ FETAL SPECIALISTS 


BC/BE Maternal-Fetal Specialists needed to ps rticipate in 
Departmental Education Programs and Faculty Practice. The 
Division of Maternal-Fetal Medicine includes the Feial Evaluation 
Unit, consultative ultrasound, genetics services, amniocentesis, 
High Risk Antepartum Clinics and research. 


These positions provide competitive compensation and academic 
rank commensurate with E ualifications and experience. Qualified 
candidates, please send CV to: David B. Crawford, Jr. M.D., 
Acting Director, Obstetrics and Gynecology, St. 
Luke’s\Roosevelt Hospital Center, 425 West 59th Street, Suite 5B, 
New York, NY 10019. 


ST; LUKE’S\ROOSEVELT 


Hospital Center 
LA ELL OO A TS Ee 
An Equal Opportunity Employer M/F/D/V. 


State University of New York, 
Health Science.Center 
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THE DEPARTMENT 
OF OBSTETRICS AND GYNECOLOGY 
GENERAL OBSTETRIÇIAN- 
GYNECOLOGIST 


The Department of Obstetrics and Gynecology is seeking 
applicants for a full-time faculty position in the Division of 
General Obstetrics and Gynecology. The position involves 
academic and private practice opportunities, graduate and 
undergraduate medical education and clinical research. 
‘Competitive salary, practice incentive plans plus a com- 
prehensive benefit package are included. 


Applicants must have a medica! degree, be board certified 
or eligible in Obstetrics and Gynecology and possess or 
be eligible for full New York State Licensure. 


‘Interested candidates should forward a cover letter and 


curriculum vitae to; 


PHILIP L. FERRO, M.D. 
INTERIM CHAIRPERSON 
DEPARTM ENT OF OBSTETRICS AND GYNECOLOGY 
S.U.N.Y., HEALTH SCIENCE CENTER AT SYRACUSE 
736 IRVING AVENUE, SUITE 308 WEST TOWER 
- SYRACUSE, NY 13210 


SU. N. Y., Health Science Center is an AA/EEO Employer 


ESTABLISHED 
PRACTICE — 

~~ NORTHERN 
NEW JERSEY 


Emphasis on High Risk Obstetrics 
and Outpatient Gynecology | 


« One Hospital 


e Access to Resident and Medical 
Student teaching programs—clini- 
cal faculty appointment available 


Competitive Salary and excellent 
benefits 


Please contact | 


‘James P. Thompson, M.D. 
Notchview Office Park 
1035 Route 46 East 
_ Clifton, New Jersey 07013 
201-472-5799 
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_ UNIVERSITY OF CALIFORNIA, 
SAN FRANCISCO 
ASSISTANT PROFESSOR 
OBSTETRICS, GYNECOLOGY AND 
REPRODUCTIVE SCIENCES 


Obstetrician-Gynecologist 


The Department of Obstetrics, Gynecology 
and Reproductive Sciences, UCSF, is seek- 
ing a full time faculty member at the Assistant 
Professor level. 


Applicants for this position should be well pre- 
pared clinically and have administrative ex- 
perience. Responsiblities include teaching 
and patient care in general obstetrics and 
gynecology and administrative activities as: 
chief of the obstetrics outpatient service. 


Please send curriculum vitae to: 


Nancy Milliken, M.D. 
Assistant Professor. ` 
Department of Obstetrics; Gynecology 
and Reproductive Sciences 
University of California, San Francisco 
San Francisco, CA 94143-0346 


UCSF is an Equal Opportunity/Affirmative Action Employer. 
Women and minorities are encouraged to apply. 


ASSISTANT/ASSOCIATE 
PROFESSOR OF 
CLINICAL OBSTETRICS 
AND GYNECOLOGY 


Excellent opportunities are available for fac- 
ulty positions in Maternal-Fetal Medicine. at 
the University of Miami. The institution has a 
large service load from which to do clinical 
research. Interests in sonography and inva- 
sive procedures are desirable but not essen- 
tial. n 

New facilities are available for private practice 
for the full time faculty. 


Applicant must be able to obtain or be 
licensed in the State of Florida. 


Salary wili be commensurate with training and 
experience. Compensation includes excellent 
fringe benefit and a financial incentive plan. 
Apply to: Mary J. O'Sullivan, M.D. 
Professor 
Obstetrics & Gynecology, R-136 
University of Miami 
P.O. Box 016960 
Miami, Florida 33101 


AN EQUAL OPPORTUNITY/AFFIRMATIVE 
ACTION EMPLOYER 








ASSISTANT PROFESSOR 
IMMUNOLOGY 


Candidate. must possess a Ph.D. in immunology 
and satisfactory completion of post-doctoral train- 
ing. Interested and proven record in research in 


immunology of pregnancy is highly desired. 


Responsibilities include the supervision of the Preg- 
nancy Immunology Laboratory, resident and stu- 
dent teaching, collaboration with current investiga- 
tors and research development. 


Interested candidates should contact: 


Michael R. Caudle, M.D. 
Professor and Chairman 
Department of Obstetrics and Gynecology 
The University of Tennessee 
‘Medical Center — Knoxville. 

1924 Alcoa Highway 
Knoxville, Tennessee 37920 
(615) 544-9291 


THE UNIVERSITY OF TENNESSEE 
Medical Center at Knoxville 





EEO/AA/Title 1X/Section 504/ADA Employer 


The University of Wisconsin Medical School, Madi- 
son, is searching for a Chairperson for the Depart- 
ment of Obstetrics and Gynecology. The depart- 
ment has strong commitments to excellence in ba- 
sicand clinical research, medical student and gradu- 
ate medical education, and delivery of patient care. 
The Chairperson is responsible for enhancing the 
organization, the academic programs and clinical 
operations, and community interrelationships of 
the obstetrics and gynecology faculty. We seek a 
person with demonstrated ability to provide strong 
scholarly, academicand administrative leadership 
to the department. Send reply with curriculum 
vitae c/o Professor Philip M. Farrell, Chair of the 
Search Committee, c/o Margie Martin, 1205.Medi- 
cal Sciences Center, 1300 University Avenue, 
Madison, Wisconsin, 53706. To ensure full. consider- 
ation, applications should arrive by November 1, 1992. 


The University of Wisconsin is an Equal Opportunity / Affirmative 

Action Employer, Wisconsin open records law may require the re- 

lease of names, upon request, of all nominees and applicants who 

have not requested in writing that their identity not be revealed. It 
“| may also require release of names of persons agreeing to be final 
| - candidates. 





UNIVERSITY OF CALIFORNIA, 
SAN FRANCISCO 
OBSTETRICS, GYNECOLOGY AND 
REPRODUCTIVE SCIENCES 


Assistant Professor Level 


The Department of Obstetrics, Gynecology and Re- 
productive Sciences, UCSF, is seeking a Board Elig- 
ible or Board Certified Obstetrician/Gynecoilogist with 
an interest in reproductive epidemiology. This indi- 
vidual will be based at UCSF'’s San Francisco General 
Hospital campus. 


Applicants should have training and experience in clin- 
ical epidemiology. A graduate degree in epidemiology 
(M.P.H. or M.Sc.) is preferred. Responsibilities will 
include teaching of medical students, house staff and 
fellows, developing clinica! and epidemiologic projects 
on reproductive health topics (particularly infectious 
disease, population, and/or oncology), and providing 
gynecologic/obstetric care in both the hospital and 
outpatient settings. 


Please send curriculum vitee to: 


Eugene Washington, M.D. 
Department of Obstetrics, Gynecology 
and Reproductive Sciences 
Room 6D-14 
San Francisco General Hospital 
1001 Potrero Avenue 
San Francisco, CA 94110 


UCSF is an Equal Opportunity/Affirmative Action Employer. 
Women and minorities are encouraged to apply. 


OBSTETRICIAN 
GYNECOLOGIST 


OPPORTUNITY FOR A BC/BE OB- 
GYN TO JOIN A TWO PERSON 
PRACTICE IN NORTHWEST PENN- 
SYLVANIA. HOSPITAL HAS MATER- 
NAL & CHILD HEALTH CENTER 
WITH PRIVATE LDRP ROOMS. 


EXCELLENT GUARANTEE AND 
BENEFITS PACKAGE WITH PART- 
NERSHIP OPPORTUNITY. QUAL- 
ITY LIFESTYLE. | 


Send C.V. to: Jackie Slagle, Director, 
Medical Staff Development, 2 Cres- 
cent Park W., Warren, PA 16365. 
Fax 814-723-2248 
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WASHINGTON 


o WASHINGTON ___ 
CENTER 


The Department of Obstetrics and Gynecology at 
the Washington Hospital Center, is looking for a 
Director of Perinatology for it’s Division of Fetal- 
Maternal Medicine. 


The Washington Hopital Center is a 907 bed teach- 
ing hospital with 16 residents in the Department 
of Obstetrics and Gynecology. Currently the De- 
partment of Obstetrics delivers approximately 3000 
babies yearly. The incidence of high risk pregnan- 
cies is approximately 30%, and the low-birth weight 
rate is approximately 13%. 


A new Women’s Services program is developing 
and plans for an exciting new facility are in prog- 
ress. 


We are interested in receiving applications from 
qualified Periantologists who have completed an 
approved Fellowship in Fetal-Maternal Medicine. 
Salary is commensurate with qualifications and ex- 
perience. 


Please send a Curriculum Vitae to Phillip J. Golds- 
tein, M.D., Chairman of the Department of Obstet- 
rics and Gynecology, 110 Irving Street, NW, Room 
5B-63, Washington, D.C. 20010. 


, Sib Sie een o 
* Clinical care 
¢ Resident and Student Education 
¢ Basic and/or Clinical Research 
* Board Certified or Active Candidate for Certification 
in beines and pala 
Gariad Vitae should be simbtn: 
Frank W. Ling, M.D. 
Associate Professor and Director 
' Division of Gynecology 
Departinent of Obstetrics & Gynecology 
University of Tennessee, Memphis 
853 Jefferson Avenuc, Room E-102 
Memphis, Tennessee 38103 
901-577-4775 
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ASSISTANT PROFESSOR OF 
OBSTETRICS AND GYNECOLOGY 


Applications are invited to a tenure-track fac- 


ulty position in the Division of Maternal-Fetal ` . 
' Medicine as Assistant Professor of Obstetrics 


and Gynecology. Candidates will be expected 
to provide instruction to fellows, residents and 
medical students in Obstetrics and Gynecol- 
ogy, conduct research using molecular and 
cellular approaches, and provide patient care 
in conjunction therewith. Salary commensu- 
rate with qualifications. Requires M.D. or equi- 
valent degree, Board Eligibility of certification 
in Maternal-Fetal Medicine and research ex- 
perience in molecular mechanisms of steriod- 
hormones and uterine function. 


Submit curriculum vitae and bibliography to: 
D. Michael Nelson, M.D., Ph.D. 
` Associate Professor 
Director, Maternal-Fetal Medicine 
Department of Obstetrics and Gynecology 
Washington University School of Medicine 
The Jewish Hospital of St. Louis ` 
- 216 South Kingshighway 
St. Louis, Missouri 63110 


AN EQUAL OPPORTUNITY EMPLOYER: | 





“QE °. Wright State 
University . 


J Dayton, Ohlo 45435 
"ater geass 


OBSTETRICIAN/GYNECOLOGIST 
GENERALIST-—FACULTY POSITION 


Wright State University School of Medicine, Department 
of Obstetrics and Gynecology, invites applications for 


two full-time OB/GYN generalist faculty posters atthe . ) 


instructor/Assistant Professor level. 


Primary faculty duties will consist of medical student and 
resident teaching and supervision. Other duties will in- 
clude participation fully in clinical care activities of the 
night and week-end coverage of Labor and Delivery. The 
candidate must be licensable to practice medicine in 


Ohio. Other qualifications include. active candidacy or 
board certification in obstetrics and gynecology. Aca- 
demic rank and salary dependent upon qualifications. ` 
We encourage appications from traditionally under-rep- 
resented groups protected under federal. legislation. 
Please send curriculum vitae and the names and addres- 
ses of three references to: 


Dennis D. Barber, M.D. ° 
Chair and Program Directo”: , 
Department of Obstetrics and Gynecology 
Wright State University School of Medicine 
One Wyoming Street 
Dayton, Ohio 45409 


All applications received by October 15, 1992 will be 
considered; if the position is not filled therefrom, applica- 
tions will be considered as received until the position is 
filled. Wright State University is an Affirmative Action and 
Equal Opportunity employer. 





THE DEPARTMENT OF OBSTETRICS 
AND GYNECOLOGY 
UNIVERSITY OF WISCONSIN 
MEDICAL SCHOOL 


‘is seeking applicants for two (2) additional full-time faculty 
positions in. MATERNAL FETAL MEDICINE for a new 
women’s health center and academic program at its Mil- 
waukee Clinical Campus. The current faculty includes two 
perinatologists. 


Sinai Samaritan Medical Center has recently consolidated 
its obstetrical and gynecological services in a redesigned 
facility in downtown Milwaukee. The department has the 
largest perinatal service in Wisconsin (5500 deliveries) and 
has a dedicated antenatal testing and perinatal ultrasonog- 
raphy unit, a midwifery, and adolescent pregnancy service. 
The department has an affiliation with St. Luke’s Medical 
Center in Milwaukee for its residency program. 


Qualifications include board candidacy or certification in 
maternal-fetal medicine and a commitment to teaching re- 
‘sidents, medical students, and clinical research. Competi- 
tive salary package. Contact: 


Chester B. Martin, M.D. Fredrik F. Broekhuizen, M.D. 
Chairman Chairman and Chief 
Department of Obstetrics/ Milwaukee Campus 
Gynecology Department of Obstetrics/ 
University of Wisconsin Gynecology 
_ Medical School University of Wisconsin 
-600 Highland Avenue, Medical School 
H4/654 CSC Sinai Samaritan Medical 
Madison, WI 53792 __ Center 
2000 West Kilbourn Avenue 
Milwaukee, WI 53233 
(414) 937-5600 


Bl University of, Wisconsin Medical School is an equal - 
- Opportunity employer. 


FACULTY POSITION 
GYNECOLOGIC ONCOLOGIST 
DEPARTMENT OF OBSTETRICS AND GYNECOLOGY 


| ST. JOHN'S MERCY MEDICAL CENTER 
ST. LOUIS, MISSOURI 


A BC/BE gynecologic oncologist is sought to expand 


services within the Department of OB/GYN as Chief of 
the Section of Gynecologic Oncology. This division 
provides chemotherapy, immunotherapy, surgery (both 
radical and nonradical) and radiation therapy. Resident 
education is a major component of this position. The new 
St. John’s Mercy Cancer Care Center provides a regional 
patient base for the Division of Gynecologic Oncology. 
Research credentials are a definite plus. 


St. John’s Mercy Medical Center is a 859 bed community, 
not for profit, teaching hospital with a fully accredited 
residency program and one the midwest’s largest 
obstetrical services. This position offers an outstanding 
academic and professional environment with excellent 
compensation and benefits. Confidential inquiries may be 
directed to James G. Blythe, M.D., Chairman at 8314-569- 
6880 .or send CV to Phil Gilbert, Administration, St. 
John’s Mercy Medical Center, 615 S. New Ballas Road, 


St. Louis, MO 63141 or call Phil at 314-569-6116. 


- ONCOLOGY 


Gynecologic oncologist wanted to develop a 

division of gynecologic oncology supported 

g r by a newly completed regional cancer center 

& SE & 8 SF ¢ and the West Virginia University School of 
| Medicine. Responsibilities will include faculty 

| recruitment, education, development of reg- 
ional programs in prevention and treatment 
of gynecologic malignancy. The deadline date 
for receipt of applications is January 15, 1993. 


Send C.V. to: 


Search Committee 
c/o Mark Gibson, M.D., 
j F eS ad Professor and Chairman. 
Frank W. Ling, M.D. S O O O O Department of Obstetrics and Gynecology 
Associate Professor and Drector OS sa Seca, I ; A poi 
Division of Gynecology E 4 West Virginia University School of Medicine 
Department of Obelia ss Gynocalogy d S Health Sciences Center 


University of Tennessee, Memphis 


853 Jelferson Avenue, Room E-102 < & ES & | Morgantown, West Virginia 26506 


r 
a 


Memphis, Tennessee 38103 


West Virginia University is an Equal Opportu- 
nity/Affirmative Action Institution. 
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NA Mosty MEDICAL PERIODICALS 


Dedicated to Publishing Excellence 


Mf MEDICAL JOURNALS EE CURRENT PROBLEMS SERIES 
American Heart Journal* Current Problems in Cancer* 
American Journal of Infection Control* Current Problems in Cardiology* 
American Journal of Obstetrics and Gynecologv* Current Problems in Dermatology 
Clinical Pharmacology & Therapeutics* Current Problems in Diagnostic Radiology* 
Heart & Lung: The Journal of Critical Care* Current Problems in Obstetrics, Gynecology and Fertility 
Hepatology* Current Problems in Pediatrics* 
The Journal of Allergy and Clinical Immunology* Current Problems in Surgery* 
Journal of the American Academy of Dermatology* Current Problems in Urology 
Journal of the American Academy of Physician Assistants Disease-a~Month* 
Journal of the American Society of Echocardiography* l 
Journal of Burn Care & Rehabilitation* ma NEWSLETTERS 
Journal of Child Neurology* Biological Therapies in Psychiatry 
Journal of Geriatrie Psychiatry and Neurology* Healthline 


The Journal of Hand Surgery (American Volume)* 
The Journal of Heart and Lung Transplantation* 


The mna of Laboratory and Clinical Medicine mE SAMPLE COPIES ARE AVAILABLE 
The Journal of Pediatrics* 


* Included in Index Medicus 





Journa_ of Shoulder and Elbow Surgery J9812FZC 

The Journal of Thoracic and Cardiovascular Surgery* Contact Mosby—Year Book to begin a subscription or for more 

Journa of Vascular Surgery* information on any periodical. 

Otolarvngology—Head and Neck Surgery” MOSBY-YEAR BOOK, INC. Call: (314) 872-8370, ext. 435! 
: : Journal Subscription Services In the U.S., call toll-free: 

Postgraduate Radiology 11830 Westline Industrial Drive 1-800-325-4177, ext. 4351 


Surgery* St. Louis, MO 63146 U.S.A. Fax: 314-432-1158 
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SOA 


21- and 28-day regimens 


ORTHO-NOVUMT 77. 


norethindrone/ethinyl estradiol 


Each white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol. Each light peach tablet 
contains 0.75 mg norethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg noreth- 
indrone and 0.035 mg ethinyl estradiol. Each green tablet in 28-day regimen contains inert ingredients. 


IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 
ps with the product and therefore should not be used as the basis for prescribing the product. 

is summary was prepared by deleting from the complete prescribing information certain text, tables 
and references. The physician should be thoroughly familiar with the complete prescribing information 
before prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

CONTRAINDICATIONS: Oral contraceptives should not be used in women who currently have the following 
conditions: 1. Thrombophlebitis or thromboembolic disorders. 2. A past history of deep vein thrombophle- 
bitis or thromboembolic disorders. 3. Cerebral vascular or coronary artery disease.4. Known or suspected 
carcinoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estrogen-depen- 
dent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7 Cholestatic jaundice of pregnancy or jaundice 
with prior pill use. 8. Hepatic adenomas or Carcinomas. 9. Known or suspected pregnancy. 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contracep- 
tive use. This risk increases with age and with heavy smoking (15 or more cigarettes per sel and 
is quite marked in women over 35 years of age. Women who use oral contraceptives should be 
strongly advised not to smoke. 














The use of oral contraceptives is associated with increased risks of several serious conditions including 
myocardial infarction, thromboembolism, stroke, hepatic neoplasia, and gallbladder disease, although the 
risk of serious morbidity or mortality is very small in healthy women without underlying risk factors. The 
risk of morbidity and mortality increases significantly in the presence of other underlying risk factors such 
as hypertension, hyperlipidemias, obesity and diabetes. Practitioners prescribing oral contraceptives 
should be familiar with the following information relating to these risks. The information contained in this 
brief summary is principally based on studies carried out in patients who used oral contraceptives with 
higher formulations of estrogens and progestogens than those in common use today. The effect of long 
term use of the ora! contraceptives with lower formulations of both estrogens and progestogens remains 
to be determined. Throughout this briet summary epidemiological studies reported are of two types: 
retrospective or case control studies and prospective or cohort studies. Case control studies provide a 
measure of the relative risk of a disease, namely a ratio of the incidence of a disease among oral contra- 
ceptive users to that among nonusers. The relative risk does not provide information on the actual clinical 
occurrence of a disease. Cohort studies provide a measure of attributable risk. which is the difference in 
the incidence of disease between oral contraceptive users and nonusers. The attributable risk does pro- 
vide information about the actual occurrence of a disease in the population. For further information, the 
reader is referred to a text on ARANEA wee methods. 1. THROMBOEMBOLIC DISORDERS AND OTHER 
VASCULAR PROBLEMS. a. Myocardial Infarction. An increased risk of myocardial infarction has been 
associated with oral contraceptive use. This risk Is primarily in smokers or women with other underlying 
risk factors for coronary artery disease such as hypertension, hypercholesterolemia, morbid obesity, and 
diabetes. The relative risk of heart attack for current oral contraceptive users has been estimated to be two 
to six. The risk is very low under the age of 30. Smoking in combination with oral contraceptive use has 
been shown to contribute substantially to the incidence of myocardial infarctions in women in their 
mid-thirties or older with smoking accounting for the majority of excess cases. Mortality rates associated 
with circulatory disease have been shown to increase substantially in smokers, especially in those 35 
years of age and older among women who use oral contraceptives. Oral contraceptives may compound the 
effects of well-known risk factors, such as hypertension, diabetes, hyperlipidemias, age and obesity. In 
particular, some progestogens are known to decrease HDL cholesterol and cause glucose intolerance, 
while estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase 
blood pressure among users (see section 9 in WARNINGS). Similar effects on risk factors have been 
associated with an increased risk of heart disease. Oral contraceptives must be used with caution in 
women with cardiovascular disease risk factors. b. Thromboembolism. An increased risk of thromboem- 
bolic and thrombotic disease associated with the use of oral contraceptives is well established. Case 
control studies have found the relative risk of users compared to non-users to be 3 for the first episode of 
superficial venous thrombosis, 4 to 11 for deep vein thrombosis or pulmonary embolism, and 1.5 to 6 for 
women with predisposing conditions for venous thromboembolic disease. Cohort studies have shown the 
relative risk to be somewhat lower, about 3 for new cases and about 4.5 for new cases requiring hospital- 
ization. The risk of thromboembolic disease associated with oral contraceptives is not related to length of 
use and disappears after pill use is stopped. A two- to four-fold increase in relative risk of post-operative 
thromboembolic complications has been reported with the use of oral contraceptives. The relative risk of 
venous thrombosis in women who have predisposing conditions is twice that of women without such 
medical conditions. If feasible, oral contraceptives should be discontinued at least four weeks prior to and 
for two weeks after elective surgery of a type associated with an increase in risk of thromboembolism and 
during and following prolonged immobilization. Since the immediate pooper period is also associated 
with an increased risk of thromboembolism, oral contraceptives should be started no earlier than four 
weeks after delivery in women who elect not to breast feed. c. Cerebrovascular diseases. Oral contracep- 
tives have been shown to increase both the relative and attributable risks of cerebrovascular events 
(thrombotic and hemorrhagic strokes), although, in general, the risk is greatest among older (>35 years), 
hypertensive women who also smoke Hypertension was found to be a risk factor for both users and 
non-users, for both types of strokes, and smoking interacted to increase the risk of stroke. In a large study, 
the relative risk of thrombotic strokes has been shown to range from 3 for normotensive users to 14 for 
users with severe hypertension. The relative risk of hemorrhagic stroke is reported to be 1.2 for non- 
smokers who used oral contraceptives, 2.6 for smokers who did not use oral contraceptives, 76 for 
smokers who used oral contraceptives, 1.8 for normotensive users and 25.7 for users with severe hyper- 
tension. The attributable risk is also greater in older women. d. Dose-related risk of vascular disease from 
oral contraceptives. A positive association has been observed between the amount of estrogen and 

rogestogen in oral contraceptives and the risk of vascular disease. A decline in serum high density 
ipoproteins (HDL) has been reported with many pragestational agents. A decline in serum high density 
lipoproteins has been associated with an increased incidence of ischemic heart disease. Because estro- 
gens increase HDL cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
between doses of estrogen and progestogen and the activity of the es apes ch used in the contraceptive. 
The activity and amount of both hormones should be considered in the choice of an oral contraceptive. 
Minimizing exposure to estrogen and progestogen is in keeping with good principles of therapeutics. For 
any particular estrogen/progestogen combination, tne dosage regimen prescribed should be one which 
contains the least amount of estrogen and progestogen that is compatible with a low failure rate and the 
needs of the individual patient. New acceptors of oral contraceptive agents should be started on prepara- 
tions containing 0.035 mg or less of pe dole e. Persistence of risk of vascular disease. There are two 
studies which have shown persistence of risk of vascular disease for ever-users of oral contraceptives. Ina 
study in the United States, the risk of — myocardial infarction after discontinuing oral contracep- 
tives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or 
more years, but this increased risk was not demonstrated in other age groups. In another study in Great 
Britain, the risk of developing cerebrovascular disease persisted for at least 6 years after discontinuation 
of oral contraceptives, although excess risk was very small. However, both studies were performed with 
oral contraceptive formulations containing 50 micrograms or higher of estrogens. 2 ESTIMATES OF 
MORTALITY FROM CONTRACEPTIVE USE. One study gathered data from a variety of sources which have 
estimated the mortality rate associated with different methods of contraception at different ages. These 
estimates include the combined risk of death associated with contraceptive methods plus the risk attribu- 
table to pregnancy in the event of method failure. Each method of contraception has its specific benefits 
and risks. The study concluded that with the exception of oral contraceptive users 35 and older who smoke 
and 40 and older who do not smoke. mortality associated with all methods of birth control is low and 
below that associated with childbirth. The observation of an increase in risk of mortality with age for oral 
contraceptive users is based on data gathered in the 1970's. Current clinical recommendation involves the 
use of lower estrogen dose formulations and a careful consideration of risk factors. In 1989, the Fertility 
and Maternal Health Drugs Advisory Committee was asked to review the use of oral contraceptives in 
women 40 years of age and over. The Committee concluded that although cardiovascular disease risks 
may be increased with oral contraceptive use after age 40 in healthy non-smoking women (even with the 
newer low-dose formulations), there are also ore potential health risks associated with pregnancy in 
older women and with the alternative surgical and medical procedures which may be necessary if such 
women do not have access to effective and acceptable means of contraception. The Committee recom- 
mended that the benefits of low-dose oral contraceptive use by healthy non-smoking women over 40 may 


outweigh the possible risks. Of course, older women, as all women who take oral contraceptives, should 
take an oral contraceptive which contains the least amount of estrogen and progestogen that is compati- 
ble with a low failure rate and individual patient needs. 3. CARCINOMA OF THE REPRODUCTIVE ORGANS. 
Numerous epidemiological studies have been performed on the incidence of breast. endometrial, ovarian 
and cervical cancer in women using oral contraceptives. While there are conflicting reports most studies 
suggest that use of oral contraceptives is not associated with an overall increase in the risk of developing 
breast cancer Some studies have reported an increased relative risk of developing breast cancer, particu- 
larly at a younger age. This increased relative risk appears to be related to duration of use. Some studies 
suggest that oral contraceptive use has been associated with an increase in the risk of cervical intraepith- 
elial neoplasia in some populations of women. However, there continues to be controversy about the 
extent to which such findings may be due to differences in sexual behavior and other factors. 4. HEPATIC 
NEOPLASIA. Benign hepatic adenomas are associated with oral contraceptive use, although tne incidence 
of benign tumors is rare in the United States. Indirect calculations have estimated the attributable risk to 
be in the range of 3.3 cases/100,000 for users, a risk that increases after four or more years of use 
especially with oral contraceptives of higher dose. Rupture of benign, hepatic adenomas may cause death 
through intra-abdominal hemorrhage. Studies from Britain have shown an increased risk cf developing 
hepatocellular carcinoma in long-term (>8 years) oral contraceptive users. However, these cancers are 
rare in the US. and the attributable risk (the excess incidence) of liver cancers in oral contraceptive users 
approaches less than one per million users. 5. OCULAR LESIONS. There have been Clinical case reports of 
retinal thrombosis associated with the use of oral contraceptives. Oral contraceptives should be discon- 
tinued if there is unexplained partial or complete loss of vision; onset of proptosis or diplopia, papille- 
dema., or retinal vascular lesions. Appropriate diagnostic and therapeutic measures should be undertaken 
immediately. 6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY. Extensive epidem- 
iological studies have revealed no increased risk of birth defects in women who have used oral contracep- 
tives prior to pregnancy. The majority of recent studies also do not indicate a teratogenic effect, 
particularly in so far as cardiac anomalies and limb reduction defects are concerned, when taken inadver- 
tently during early pregnancy. The administration of oral contraceptives to induce withdrawal bleeding 
should not be used as a test for pregnancy. Oral contraceptives should not be used during pregnancy to 
treat threatened or habitual abortion. It is recommended that for any patient who has missec two consec- 
utive periods pregnancy should be ruled out before continuing oral contraceptive use. If the patient has not 
adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the 
first missed period. Oral contraceptive use should be discontinued until pregnancy Is ruled out. 7 GALL- 
BLADDER DISEASE. Earlier studies have reported an increased lifetime relative risk of gallbladder surgery 
in users of oral contraceptives and estrogens. More recent studies, however, have shown that the relative 
risk of developing gallbladder disease among oral contraceptive users may be minimal. The recent findings 
of minimal risk may be related to the use of oral contraceptive formulations containing lower hormonal 
doses of estrogens and progestogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contra- 
ceptives have been shown to cause a decrease in glucose tolerance in a significant percentage of users. 
This effect has been shown to be directly related to estrogen dose. Progestogens increase insulin secre- 
tion and create insulin resistance, this effect varying with different progestational agents. However, in the 
non-diabetic woman, oral contraceptives appear to have no effect on fasting blood glucose. Because of 
these demonstrated effects prediabetic and diabetic women in particular should be carefully monitored 
while taking oral contraceptives. A small proportion of women will have persistent hypertriglyceridemia 
while on the pill. As discussed earlier (see WARNINGS 1a and 1d), changes in serum triglycerides and 
lipoprotein levels have been reported in oral contraceptive users. 9 ELEVATED BLOOD PRESSURE. An 
increase in blood pressure has been reported in women taking oral contraceptives, and this increase is 
more likely in older oral conttaceptive users and with extended duration of use. Data from the Royal 
College of General Practitioners and subsequent randomized trials have shown that the incidence of 
hypertension increases with increasing progestational activity. Women with a history of hypertension or 
hypertension-related diseases, or renal disease, should be encouraged to use another metnod of contra- 
ception. If women elect to use oral contraceptives, they should be monitored closely and if significant 
elevation of blood pressure occurs, oral contraceptives should be discontinued. For most wemen, elevated 
blood pressure will return to normal after stopping oral contraceptives, and there is no diference in the 
occurrence of hypertension between former and never users. 10. HEADACHE. The onset or exacerbation of 
migraine or development of headache with a new pattern which is recurrent, persistent or severe requires 
discontinuation of oral contraceptives and evaluation of the cause. 11. BLEEDING IRREGULARITIES. 
Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives, espe- 
cially during the first three months of use. Non-hormonal causes should be considered and adequate 
diagnostic measures taken to rule out malignancy or pregnancy in the event of breakthrough bleeding as in 
the case of any abnormal vaginal bleeding. If pathology has been excluded, time or a change to another 
formulation may solve the problem. In the event of amenorrhea, pregnancy should be ruled out. Some 
women may encounter post-pill amenorrhea or oligomenorrhea, especially when such a condition was 
preexistent. 12. ECTOPIC PREGNANCY. Ectopic as well as intrauterine pregnancy may occur in contracep- 
tive failures. PRECAUTIONS: 1. PHYSICAL EXAMINATION AND FOLLOW UP A complete medical history anc 
physical examination should be taken prior to the initiation or reinstitution of oral contraceptives and at 
least annually during use of oral contraceptives. These physical examinations should include = ne 
reference to blood pressure, breasts, abdomen and pelvic organs, including cervical cytology, and relevant 
laboratory tests. In case of undiagnosed persistent or recurrent abnormal vaginal bleediag, appropriate 
diagnostic measures should be conducted to rule out malignancy. Women with a strong family history of 
breast cancer or who have breast nodules should be monitored with particular care. 2. LIPID DISORDERS. 
Women who are being treated for hyperlipidemias should be followed closely if they elect to use oral 
contraceptives. Some gore ate may elevate LDL levels and may render the control of hyperlipidemias 
more difficult. 3. LIVER FUNCTION. If jaundice develops in any woman receiving such drugs, the medica- 
tion should be discontinued. Steroid hormones may be poorly metabolized in patients with impaired liver 
function.4. FLUID RETENTION. Oral contraceptives may cause some degree of fluid retention. They should 
be prescribed with caution, and only with careful monitoring, in patients with conditions which might be 
aggravated by fluid retention. 5. EMOTIONAL DISORDERS. Women with a history of depression should be 
ert observed and the drug discontinued if depression recurs to a serious degree. 6. CONTACT 
LENSES. Contact lens wearers who develop visual changes or changes in lens tolerance should be 
assessed by an ophthalmologist. 7 DRUG INTERACTIONS. Reduced efficacy and increased incidence of 
breakthrough bleeding and menstrual irregularities have been associated with concomitant use of rifam- 
pin. A similar association, though less marked, has been suggested with barbiturates, phenylbutazone, 
phenytoin sodium, and possibly with griseofulvin, ampicillin and tetracyclines. 8. INTERACTIONS WITH 
LABORATORY TESTS. Certain endocrine and liver function tests and blood components may be affected 
by oral contraceptives: a. Increased prothrombin and factors VII, VIII, IX, and X; decreased antithrombin 3, 
increased norepinephrine-induced platelet aggregability. b. Increased thyroid binding globulin (TBG) leac- 
ing to increased circulating total thyroid hormone, as measured by protein-bound iocine a T4 by 
column or by radio-immunoassay. Free T3 resin uptake is decreased, reflecting the elevated TBG, free 4 
concentration is unaltered. c. Other binding proteins may be elevated in serum. d. Sex-binding globulins are 
increased and result in elevated levels of total circulating sex steroids and corticoids; “owever, free or 
biologically active levels remain unchanged. e. Triglycerides may be increased. f. Glucose telerance may be 
decreased. g. Serum folate levels may be depressed by oral contraceptive therapy. This may be of clinical 
ee if a woman becomes pogon shortly after discontinuing oral contraceptives. 9. CARCINO- 
GENESIS. See WARNINGS section. 10. PREGNANCY. Pregnancy Category X. See CONTRAINDICATIONS and 
WARNINGS sections. 11. NURSING MOTHERS. Small amounts of oral contraceptive steroids have been 
identified in the milk of nursing mothers and a few adverse effects on the child have been reported, 
including jaundice and breast enlargement. In addition, oral contraceptives given in the Ai gh period 
may interfere with lactation by decreasing the quantity and quality of breast milk. If possible, the nursing 
mother should be advised not to use oral contraceptives but to use other forms of contraception until she 
has completely weaned her child. INFORMATION FOR THE PATIENT: See Patient Package Insert. 
ADVERSE REACTIONS: An increased risk of the following serious adverse reactions has Deen associated 
with the use of oral contraceptives (see WARNINGS section). Thrombophlebitis and venous thrombosis 
with or without embolism. Arterial thromboembolism. Pulmonary embolism. Myocardial infarction. Cere- 
bral hemorrhage. Cerebral thrombosis. Hypertension. Gallbladder disease. Hepatic adenomas or benign 
liver tumors. The following adverse reactions have been reported in patients receiving oral contraceptives 
and are believed to be drug-related: Nausea. Vomiting. Gastrointestinal symptoms (such as abdominal 
cramps and bloating). Breakthrough bleeding. Spotting. Change in menstrual flow. Ameno rhea. Temporary 
infertility after discontinuation of treatment. Edema. Melasma which may — Breast changes: tender- 
ness, Aeg ie secretion. Change in weight (increase or decrease). Change in cerwcal erosion and 
secretion. Diminution in lactation when given immediately postpartum. Cholestatic jaundice. Migraine. 
Rash (allergic). Mental depression. Reduced tolerance to carbohydrates. Vaginal candiciasis. Change in 
corneal curvature (steepening). Intolerance to contact lenses. The following adverse reactions have been 
reported in users of oral contraceptives and the association has been neither confirmed nor refuted: 
Pre-menstrual syndrome. Cataracts. Changes in appetite. Cystitis-like syndrome Headache. Nervousness. 
Dizziness. Hirsutism. Loss of scalp hair. Erythema multiforme. Erythema nodosum. Hemorrhagic eruption. 
bey bate Porphyria. Impaired renal function. Hemolytic uremic syndrome. Acne. Changes in libido. Colitis. 
OVERDOSAGE: Serious ill effects have not been reported following acute ingestion of lage doses of oral 
contraceptives by young children. Overdosage may cause nausea and withdrawal bleeding may occur in 
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Convenient dosing—the recommended starting dose is 
550 mg, followed by 275 mg every 6 to 8 hours, as required. 
The total daily dose should not exceed 1375 mg. 


As with other NSAIDs, the most frequent complaints are 
gastrointestinal. See Warnings, Precautions, and Adverse 
Reactions sections of prescribing information. 


Fast Relief. Fast Recovery. 
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Brief Summary: 

Cunitaindicalonn: Patients who have had allergic reactions to NAPROSYN® ANAPROX® or ANAPROX® DS 
or in whom aspirin or other NSAIDs induce the syndrome of asthma, rhinitis, and nasal polyps. Because 
anaphylactic reactions usually occur in patients with a history of such reactions, question patients for 
asthma, nasal polyps, urticaria, and hypotension associated with NSAIDs before starting therapy. If such 
symptoms occur, discontinue the drug. . 
Warnings: Serious GI toxicity such as bleeding, ulceration, and perforation, can occur at any time, with 
or without warning symptoms, in patients treated chronically with NSAIDs. Remain alert for ulceration 
and bleeding even in the absence of previous GI tract symptoms. In clinical trials, symptomatic upper GI 
ulcers, gross bleeding or perforation occur in about 1 % of patients treated for 3-6 months, and in about 
2-4% of patients treated for one year. Inform patients of signs and/or symptoms of serious Gl toxicity and 
what steps to take if they occur. 


Studies have not identified any subset of patients not at risk of developing peptic ulceration and bleed- 


ing. Except for a prior history of serious GI events and other risk factors associated with peptic ulcer 
disease, such as alcoholism, smoking, etc., no risk factors (e.g., age, sex) have been associated with 
increased risk. Elderly or debilitated patients seem to tolerate ulceration or bleeding less well and most 
spontaneous reports of fatal GI events are in this population. In considering the use of relatively large 
doses (within the recommended dosage range), sufficient benefit should be anticipated to offset the 
potential increased risk of GI toxicity. 

Precautions: DO NOT GIVE NAPROSYN® (NAPROXEN) CONCOMITANTLY WITH ANAPROX® OR 


ANAPROX® DS (NAPROXEN SODIUM) SINCE THEY CIRCULATE IN PLASMA AS THE NAPROXEN ANION. 


Acute interstitial nephritis with hematuria, proteinuria, and nephrotic syndrome has been reported. 
Patients with impaired renal function, heart failure, liver dysfunction, patients taking diuretics, and the 
elderly are at greater risk of overt renal decompensation. If this occurs, discontinue the drug. Use with 
caution and monitor serum creatinine and/or creatinine clearance in patients with significantly impaired 
renal function. Use caution in patients with baseline creatinine clearance less than 20 ml/minute. Use 
_ the lowest effective dose in the elderly or in patients with chronic alcoholic liver disease or cirrhosis. 
Borderline elevations of liver tests may occur in up to 15% of patients. Elevations of SGPT or SGOT 
occurred in controlled trialsin less than 1% of patients. Severe hepatic reactions, including jaundice and 
fatal hepatitis, have been reported rarely. If liver disease develops or if systemic manifestations occur 
(e.g., eosinophilia or rash), discontinue therapy. If steroid dosage is reduced or eliminated during therapy, 


do so slowly and observe patients closely for adverse effects, including adrenal insufficiency and exacer- 


bation of arthritis symptoms. Determine hemoglobin values periodically for patients with initial values of 
10 grams or less who receive long-term therapy. Peripheral edema has been reported. For patients with 
restricted sodium intake, note that each tablet contains approximately 25 or 50 mg (1 or 2 mEq) sodium. 
Use with caution in patients with fluid retention, hypertension or heart failure. The drug may reduce fever 


and inflammation, diminishing their diagnostic value. Conduct ophthalmic studies if any change or distur- 


bance in vision occurs. Information for Patients: Side effects can cause discomfort and, rarely, more 


serious side effects, such as GI bleeding, may result in hospitalization and even fatal outcomes. Physi- 


cians may wish to discuss with patients potential risks and benefits of NSAIDs, particularly when they are 
used for less serious conditions where treatment without NSAIDs may be acceptable. Patients should 


use caution for activities requiring alertness if they experience drowsiness, dizziness, vertigo or depres- 
sion during therapy. Laboratory Tests: Because serious GI tract ulceration and bleeding can occur with- 


out warning symptoms, follow chronically treated patients and inform them of the importance of the 


follow-up. Drug Interactions: Use caution when giving concomitantly with coumarin-type anticoagu- 
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TRANSACTIONS OF THE TWELFTH ANNUAL MEETING OF THE 
SOCIETY OF PERINATAL OBSTETRICIANS 


The natural interleukin-1 receptor antagonist in term and preterm 863 
parturition 

Roberto Romero, MD, Waldo Sepulveda, MD, Moshe Mazor, MD, Francisco Brandt, MD, 

David B. Cotton, MD, Charles A. Dinarello, MD, and Murray D. Mitchell, DPhil 

New Haven, Connecticut, Detroit, Michigan, Salt Lake City, Utah, Boston, Massachusetts, 

and Bethesda, Maryland 


The natural interleukin-1 receptor antagonist is a physiologic constituent of human amniotic 
fluid and reduces interleukin-1—induced prostaglandin production by amnion and chorion. 


Neonatal periventricular-intraventricular hemorrhage after maternal 873 
6-sympathomimetic tocolysis 

Lynn J. Groome, PhD, MD, Robert L. Goldenberg, MD, Suzanne P. Cliver, BA, Richard O. Davis, MD, 
Rachel L. Copper, RN, and the March of Dimes Multicenter Study Group 

Birmingham, Alabama 


The incidence of intraventricular hemorrhage is significantly increased in offspring of women 
receiving 6-sympathomimetic agents as compared with offspring of mothers not receiving 
tocolytics. 


A randomized prospective comparison of nifedipine and bed rest 879 
versus bed rest alone in the management of preeclampsia remote 

from term 

Baha M. Sibai, MD, John R. Barton, MD, Sherif Akl, MD, Cem Sarinoglu, MD, and 

Brian M. Mercer, MD 

Memphis, Tennessee 


In a prospective randomized clinical trial in 200 women with mild preeclampsia remote from 
term, control of maternal blood pressure with nifedipine did not improve perinatal outcome. 
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Magnesium pyrrolidone carboxylate infusion reduces angiotensin II 885 
pressor response in pregnant women at risk for hypertension 


Andrea L. Tranquilli, MD, Maria Lina Mariani, MD, Laura Mazzanti, BSc, Herbert Valensise, MD, 
G. Gioele Garzetti, MD, and Carlo Romanini, MD 
Ancona, Italy 


The infusion of magnesium pyrrolidone carboxylate enhances the threshold to infused 
angiotensin II in pregnancies at risk for hypertension. 


Second-trimester echogenic bowel and chromosomal abnormalities 889 
Angela L. Scioscia, MD, Dolores H. Pretorius, MD, Nancy E. Budorick, MD, 

Timothy C. Cahill, MS, Fumiko T. Axelrod, MS, and George R. Leopold, MD 

San Diego and La Jolla, California 


Echogenic bowel in the second trimester was found to be associated with a significant risk of 
fetal trisomy. 


Circulating lymphocyte subsets in second- and third-trimester fetuses: 895 
Comparison with newborns and adults 

Stanley M. Berry, MD, Nancy Fine, MT, Jennifer A. Bichalski, RDMS, David B. Cotton, MD, 

Mitchell P. Dombrowski, MD, and Joseph Kaplan, MD 

Detroit, Michigan 


Two-color flow cytometric analysis revealed patterns of similarities and age-dependent 
differences between fetal, newborn, and adult circulating lymphocyte subsets. 
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» Soft, smooth liner protects maternal tissue during insertion 
» Good seal, better grip allows more productive traction 


» Lightweight qualities combine ease of insertion with no 
loss of control or maneuverability for the doctor 


» Greater safety and comfort for mother and baby 


» Superior performance — same great flexibility and resiliency 
of cup when you need it 


» Sterilized and prepackaged for disposability 
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The effect of presentation and mode of delivery on neonatal outcome 901 
in the second twin 


Phillip C. Greig, MD, Jean-Claude Veille, MD, Timothy Morgan, PhD, and Linda Henderson, RN 
Winston-Salem, North Carolina 


The neonatal outcome for vaginally delivered nonvertex second twins was not different from 
that of those delivered by cesarean section. 


Do abnormal Starling forces cause fetal hydrops in red blood cell 907 
alloimmunization? 
Kenneth J. Moise, Jr., MD, Robert J. Carpenter, Jr., MD, and Diane E. Hesketh, RN 


Houston, Texas 


Abnormal intravascular Starling forces play a role in the cause of immune hydrops fetalis. 


Longitudinal changes in basal hepatic glucose production and 913 
suppression during insulin infusion in normal pregnant women 

Patrick M. Catalano, MD, Elaine D. Tyzbir, MS, Robert R. Wolfe, PhD, Noreen M. Roman, BS, 

Saeid B. Amini, PhD, and Ethan A.H. Sims, MD 

Burlington, Vermont, Cleveland, Ohio, and Houston, Texas 


Six normal women were found to have with advancing gestation a 30% increase in basal 
endogenous glucose production that was completely suppressed during insulin infusion. 


Tumor necrosis factor-a in midtrimester amniotic fluid is associated 920 
with impaired intrauterine fetal growth 

Kent D. Heyborne, MD, Steven S. Witkin, PhD, and James A. McGregor, MD 

Denver, Colorado, and New York, New York 


Increased midtrimester amniotic fluid tumor necrosis factor-a activity is associated with 


impaired fetal growth. 


Low-dose aspirin inhibits lipid peroxides and thromboxane but not 926 
prostacyclin in pregnant women 
Scott W. Walsh, PhD, Yuping Wang, MD, Helen H. Kay, MD, and M. Cathleen McCoy, MD 


Richmond, Virginia, and Durham, North Carolina 


Treatment of pregnant women with low-dose aspirin resulted in inhibition of both lipid 
peroxides and thromboxane levels without affecting prostacyclin levels in maternal plasma. 


Magnesium sulfate therapy in preeclampsia is associated with 931 
increased urinary cyclic guanosine monophosphate excretion 

John R. Barton, MD, Baha M. Sibai, MD, Robert A. Ahokas, MD, W. David Whybrew, MS, and 

Brian M. Mercer, MD 

Memphis, Tennessee 


Urinary cyclic guanosine monophosphate excretion was significantly increased during 
magnesium sulfate infusion in patients with preeclampsia. 
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Incision sites for myomectomy can be a significant post-operative problem. 
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Performance by Design 


m Composed of the inert biomaterial, expanded polytetrafluoroethylene (e-PTFE) 
@ Limits tissue attachment with an extremely small pore size 
j Proven and Established 
m Long record of safety and effectiveness 
m 14 years of reliability demonstrated among cardiac surgeons 


m Safety substantiated and invariant performance 
shown for myomectomy site protection in a multi-center clinical study 


Convenient 


m Configured for Peritoneal Reconstruction 
m Packaged sterile and can be resterilized 


To receive further information on the GORE-TEX Surgical 


Membrane or to consult an application specialist, call 
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Cerebral imaging in eclampsia: Magnetic resonance imaging versus 935 
computed tomography 

Margaret A. Dahmus, MD, John R. Barton, MD, and Baha M. Sibai, MD 

Memphis, Tennessee 


Cortical and subcortical edema are prominent in vascular watershed areas, suggesting a 
transient global ischemia. 


Nifedipine treatment in preeclampsia reverts the increased erythrocyte 942 
aggregation to normal 

Andrea L. Tranquilli, MD, G. Gioele Garzetti, MD, Giuseppe De Tommaso, MD, 

Massimo Boemi, MD, Enrico Lucino, MD, Paolo Fumelli, MD, and Carlo Romanini, MD 

Ancona, Italy 


Antihypertensive treatment with nifedipine in preeclampsia reverts the increased erythrocyte 
aggregation to normal. 


Placental lipid peroxides and thromboxane are increased and 946 
prostacyclin is decreased in women with preeclampsia 

Yuping Wang, MD, Scott W. Walsh, PhD, and Helen H. Kay, MD 

Richmond, Virginia, and Durham, North Carolina 


As compared with normal placentas, preeclamptic placentas had increased levels of lipid 
peroxides and thromboxane but decreased levels of prostacyclin. 


Adult respiratory distress syndrome in pregnancy 950 
William C. Mabie, MD, John R. Barton, MD, and Baha M. Sibai, MD 
Memphis, Tennessee 


Maternal mortality (44%) of adult respiratory distress syndrome in pregnancy is similar to 
that in nonpregnant patients. 


Perinatal outcome in pregnancy complicated by massive obesity 958 
Jordan H. Perlow, MD, Mark A. Morgan, MD, Douglas Montgomery, MD, Craig V. Towers, MD, 

and Manuel Porto, MD 

Long Beach and Orange, California 


Adverse perinatal outcome in pregnancy complicated by massive obesity (>300 pounds) was 
demonstrated but did not persist when the confounding variables diabetes and hypertension 
were excluded. 


Severity of asthma and perinatal outcome 963 
Jordan H. Perlow, MD, Douglas Montgomery, MD, Mark A. Morgan, MD, Craig V. Towers, MD, 

and Manuel Porto, MD 

Long Beach and Orange, California 


Gravid asthmatics are at increased risk for adverse perinatal outcome, which appears to 
increase further with disease severity. 
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Pregnancy loss and thrombosis with protein C deficiency 968 
Jennifer J. Trauscht-Van Horn, MD, Eleanor L. Capeless, MD, Thomas R. Easterling, MD, and 

Edwin G. Bovill, MD 

Seattle, Washington, and Burlington, Vermont 


Protein C deficiency is associated with an increased risk of thrombosis during pregnancy and 
with the use of estrogen-containing oral contraception. 


The prevalence of sexual assault: A survey of 2404 puerperal women 973 
Andrew J. Satin, MD, Susan M. Ramin, MD, Jean Paicurich, BS, Shara Millman, BS, and 

George D. Wendel, Jr., MD 

Dallas, Texas 


Pregnant women with a history of sexual assault are more likely to have pregnancy 
complications, but usually achieve good neonatal outcomes. 


Maternal characteristics, neonatal outcome, and the time of diagnosis 976 
of gestational diabetes 


Gertrud S. Berkowitz, PhD, Sheila H. Roman, MD, Robert H. Lapinski, PhD, and Manuel Alvarez, MD 
New York, New York 


Patients with gestational diabetes diagnosed at <24 weeks’ gestation are more likely to 
require insulin therapy and have hypertensive disorders than those with diagnoses later in 
pregnancy. 


Transverse cerebellar diameter measurements in twin pregnancies 982 
and the effect of intrauterine growth retardation 


Luanna Lettieri, MD, Anthony M. Vintzileos, MD, John F. Rodis, MD, James F.X. Egan, MD, 
Edward J. Wolf, MD, and David A. McLean, MD 
Farmington, Connecticut 


A nomogram for the transverse cerebellar diameter in twins was established, and the effect of 
intrauterine growth retardation was investigated. 


Amniotic fluid volume assessment: Comparison of ultrasonographic 986 
estimates versus direct measurements with a dye-dilution technique in 
human pregnancy 


Gary A. Dildy III, MD, Noe Lira, MD, Kenneth J. Moise, Jr., MD, Gerald D. Riddle, MS, and 
Russell L. Deter, MD 
Houston, Texas 


With a dye-dilution method of amniotic fluid volume assessment, the amniotic fluid index was 
compared with 12 other ultrasonographic techniques and demonstrated reasonable 
measurement error. 


Do semiquantitative amniotic fluid indexes reflect actual volume? 995 
Christopher S. Croom, MD, Bruce B. Banias, MD, Edgard Ramos-Santos, MD, 

Lawrence D. Devoe, MD, Ali Bezhadian, PhD, and A. Kinney Hiett, MD 

Augusta, Georgia 


Ultrasonographic indexes of amniotic fluid volume (amniotic fluid index and maximal vertical 
amniotic fluid pocket depth) were correlated with quantitative amniotic fluid volume in 50 
normal near-term patients. 
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Screening for congenital heart disease with the four-chamber view of 1000 
the fetal heart 
Patrizia Vergani, MD, Silvana Mariani, MD, Alessandro Ghidini, MD, Riccardo Schiavina, MD, 


Maria Cavallone, MD, Anna Locatelli, MD, Nicola Strobelt, MD, and Patrizia Cerruti, MD 
Monza, Italy 


Ultrasonographic visualization of the four-chamber view of the fetal heart is a reliable means 
of screening for congenital heart defects. 


Transverse cerebellar diameter in twin gestations 1004 
Takashi Shimizu, MD, Solange Gaudette, RDMS, and Carl Nimrod, MB 


Ottawa, Ontario, Canada 


Transverse cerebellar diameter is unaffected by discordancy in twin pairs. 


Fetuses with Down syndrome have disproportionately shortened 1009 
frontal lobe dimensions on ultrasonographic examination 

Ray O. Bahado-Singh, MD, Lynda Wyse, MD, Mary Ann Dorr, RD, MS, Joshua A. Copel, MD, 

Theresa O’Connor, MPH, and John C. Hobbins, MD 

New Haven, Connecticut 


Shortening of the frontothalamic distance was demonstrated in Down syndrome fetuses on 
midtrimester ultrasonography and could be a useful screening tool. 


The effect of improvement of umbilical artery absent end-diastolic 1015 
velocity on perinatal outcome 
Joseph G. Bell, MD, Avi Ludomirsky, MD, Joseph Bottalico, DO, and Stuart Weiner, MD 


Philadelphia, Pennsylvania, and Stratford, New Jersey 


Improvement of umbilical artery absent end-diastolic velocity was associated with better 
perinatal outcome in comparison with cases in which no improvement occurred. 


Multiple-marker screening in pregnancies with hydropic and 1021 
nonhydropic Turner syndrome 
Devereux N. Saller, Jr., MD, Jacob A. Canick, PhD, Stuart Schwartz, PhD, and Miriam G. Blitzer, PhD 


Providence, Rhode Island, and Baltimore, Maryland 


Multiple-marker screening for fetal Down syndrome will result in the detection of hydropic, 
but not nonhydropic, cases of fetal Turner syndrome. 


The influence of the post-Chernobyl fallout on birth defects and 1025 
abortion rates in Austria 

Martin C.H. Haeusler, MD, Andrea Berghold, MSc, Wolfgang Schoell, MD, Peter Hofer, MD, and 
Monika Schaffer, MD 

Graz, Austria 


Birth defects were grouped according to their vulnerable phase of embryogenesis for study of 
possible changes in their incidence or regional distribution after the Chernobyl disaster. 
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Elevated maternal serum a-fetoprotein levels and midtrimester 1032 
placental abnormalities in relation to subsequent adverse pregnancy 
outcomes 


Michelle A. Williams, ScD, Durlin E. Hickok, MD, MPH, Rosalee W. Zingheim, RN, MN, 
David A. Luthy, MD, Judith Kimelman, MD, David A. Nyberg, MD, and Barry S. Mahony, MD 
Seattle, Washington 


Elevated levels of maternal serum a-fetoprotein combined with placental abnormalities 
detected in the second trimester are associated with particularly poor pregnancy outcomes. 


Outcome of antenatally diagnosed cystic adenomatoid malformations 1038 
Jeffrey A. Kuller, MD, Jerome Yankowitz, MD, James D. Goldberg, MD, Michael R. Harrison, MD, 

N. Scott Adzick, MD, Roy A. Filly, MD, Peter W. Callen, MD, and Mitchell S. Golbus, MD 

San Francisco, California 


Twenty-two cases of antenatally diagnosed congenital cystic adenomatoid malformations were 
managed; open fetal surgery for cases complicated by nonimmune hydrops fetalis has been 
encouraging. 


The natural interleukin-1 receptor antagonist prevents 1041 
interleukin-1—induced preterm delivery in mice 


Roberto Romero, MD, and Boris Tartakovsky, PhD 
Detroit, Michigan, Bethesda, Maryland, and Rehovot, Israel 


The natural interleukin-1 receptor antagonist prevents interleukin-l-induced preterm 
parturition in mice. 


Study of thromboxane and prostacyclin metabolism in an in vitro 1046 
model of first-trimester human trophoblast 


Eleanor M. Diss, MD, Steven G. Gabbe, MD, Jay W. Moore, PhD, and Douglas A. Kniss, PhD 
Columbus, Ohio 


An in vitro culture system of first-trimester human placental trophoblast derived from 
chorionic villous sampling is presented as a model for placental eicosanoid metabolism. 


Endothelium-derived relaxing factor inhibition augments vascular 1053 
angiotensin II reactivity in the pregnant rat hind limb 

Robert A. Ahokas, PhD, and Baha M. Sibai, MD 

Memphis, Tennessee 


Endothelium-derived relaxing factor plays a role in the attenuation of vascular reactivity to 
angiotensin II, but not norepinephrine, in pregnant normotensive and hypertensive rats. 
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The effect of tocolytic agents (indomethacin and terbutaline) on fetal 1059 
breathing and body movements: A prospective, randomized, 

double-blind, placebo-controlled clinical trial 

Mordechai Hallak, MD, Kenneth J. Moise, Jr., MD, Noe Lira, MD, Karen F. Dorman, RN, 

E. O’Brian Smith, PhD, and David B. Cotton, MD 

Houston, Texas 


Both indomethacin and terbutaline significantly increase fetal breathing but have no effect on 
fetal body movements. 


Properties of an endogenous arachidonic acid-elicited relaxing 1064 
mechanism in human placental vessels 
Hatim A. Omar, MD, Reinaldo Figueroa, MD, Rawhi A. Omar, MD, PhD, and Michael S. Wolin, PhD 


Valhalla, New York, and Morgantown, West Virginia 


Arachidonic acid causes an endothelium-independent relaxation of isolated human placental 
arteries and veins by a mechanism that appears to involve its metabolism by cytochrome 
P450. 


The effect of maternal intravenous glucose administration on fetal 1071 
activity 

Daniel P. Eller, MD, Sue L. Stramm, RN, and Roger B. Newman, MD 

Charleston, South Carolina 


Maternal intravenous infusion of glucose increased fetal activity as measured continuously by 


a fetal actograph. 


Fetal blood sampling in human immunodeficiency virus—seropositive 1075 
women before elective midtrimester termination of pregnancy 
Richard R. Viscarello, MD, Mark T. Cullen, MD, Nancy J. DeGennaro, RN, and John C. Hobbins, MD 


New Haven, Connecticut 


Fetal blood sampling, when combined with sophisticated serologic, virologic, or molecular 
biologic techniques, may have the potential to provide the antenatal diagnosis of congenital 
infection with HIV-1 during the second trimester. 


Prevalence and prognostic significance of anticardiolipin antibodies in 1080 
pregnancies complicated by human immunodeficiency virus-1 

infection 

Richard R. Viscarello, MD, Carla J. Williams, MD, Nancy J. DeGennaro, RN, BSN, MPH, and 

John C. Hobbins, MD 

New Haven, Connecticut 


Our data suggest that pregnant women infected with human immunodeficiency virus have a 
high prevalence of anticardiolipin antibodies that are not related to maternal disease status, 
adverse pregnancy outcome, or perinatal transmission of human immunodeficiency virus-1. 
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Infection and labor: VIII. Microbial invasion of the amniotic cavity in 1086 
patients with suspected cervical incompetence. Prevalence and 
clinical significance 


Roberto Romero, MD, Rogelio Gonzalez, MD, Waldo Sepulveda, MD, Francisco Brandt, MD, 
Marcelo Ramirez, MT, Yoram Sorokin, MD, Moshe Mazor, MD, Marjorie C. Treadwell, MD, and 
David B. Cotton, MD 

New Haven, Connecticut, Detroit, Michigan, and Bethesda, Maryland 


Microbial invasion of the amniotic cavity was present in 51.5% (17/33) of patients with 
midtrimester cervical dilatation and its presence was associated with poor pregnancy outcome. 


Comparison of Gram stain, leukocyte esterase activity, and amniotic 1092 
fluid glucose concentration in predicting amniotic fluid culture results 
in preterm premature rupture of membranes 


Daniel W. Gauthier, MD, and William J. Meyer, MD 
Chicago, Illinois 


Amniotic fluid glucose concentration and leukocyte esterase activity were significantly more 
sensitive than Gram stain in detecting positive amniotic fluid culture results. 


Human immunodeficiency virus infection among inner-city adolescent 1096 
parturients undergoing routine voluntary screening, July 1987 to March 
1991 


Michael K. Lindsay, MD, MPH, Nathaniel Johnson, MD, Herbert B. Peterson, MD, 
Susan Willis, MSN, Harriet Williams, RN, and Luella Klein, MD 
Atlanta, Georgia 


Pregnant adolescents seen in our institution between 1987 and 1991 were at high risk of being 
HIV-1 infected (51/10,794, 4.7/1000). 


Obstetric parameters affecting success in a trial of labor: Designation 1099 
of a scoring system 


Lisa R. Troyer, MD, and Valerie M. Parisi, MD, MPH 
Houston, Texas 


A risk-scoring system was developed to evaluate success rates and maternal morbidity in a 
trial of labor after cesarean section. 


Early repair of episiotomy dehiscence associated with infection 1104 
Susan M. Ramin, MD, Ronald M. Ramus, MD, Bertis B. Little, PhD, and Larry C. Gilstrap III, MD 
Dallas, Texas 


In an indigent population episiotomy dehiscence is primarily caused by infection, but early 
repair is successful in the vast majority of patients. 


Transverse uterine incision closure: One versus two layers 1108 
John C. Hauth, MD, John Owen, MD, and Richard O. Davis, MD 
Birmingham, Alabama 


One-layer closure of a low transverse cesarean incision required less operative time and fewer 
additional hemostatic sutures than did a traditional two-layer closure. 
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Midtrimester pregnancy termination: A randomized trial of 1112 
prostaglandin E2 versus concentrated oxytocin 
John Owen, MD, John C. Hauth, MD, Carey L. Winkler, MD, and Samuel E. Gray, MD 


Birmingham, Alabama 


A concentrated oxytocin infusion had a similar efficacy to and was associated with fewer side 
effects than prostaglandin E> vaginal suppositories for midtrimester pregnancy terminations. 


Antepartum management of triplet gestations ELi 
Alan M. Peaceman, MD, Sharon L. Dooley, MD, Ralph K. Tamura, MD, and Michael L. Socol, MD 


Chicago, Illinois 


Antepartum management of triplet gestations emphasizing patient education, frequent 
prenatal visits with cervical examinations, and increased rest effectively reduced preterm 


delivery. 


The development and testing of new instruments for operative vaginal 1121 
delivery 
Byron D. Elliott, MD, Louis E. Ridgway, MD, Michael D. Berkus, MD, Edward R. Newton, MD, 


and William Peairs, MS 
San Antonio, Texas 


The laboratory evaluation of an experimental delivery device, the obstetric bonnet, 
demonstrates the forces it places on a model of the fetal head. 


Effect of angular traction on the performance of modern vaccum 1125 
extractors 
Kevin L. Muise, MD, Method A. Duchon, MD, and Richard H. Brown, PhD 


Cleveland, Ohio 


A linear decline in maximal tractive force was demonstrated with application of off-axis 
traction of all modern vacuum extractors tested except the Posterior cup. 


How frequently should the amniotic fluid index be repeated? 1129 
David C. Lagrew, MD, Richard A. Pircon, MD, Michael Nageotte, MD, Roger K. Freeman, MD, 

and Wendy Dorchester, MPH 

Long Beach and Orange, California 


Amniotic fluid assessment as a method of antepartum testing need not be repeated twice 


weekly in some high-risk patients. 


Amnioinfusion does not affect the length of labor 1134 
Charles J. Macri, MD, CDR, MC, USN, D.B. Schrimmer, MD, Jeffrey S. Greenspoon, MD, 

Thomas H. Strong, Jr., MD, and Richard H. Paul, MD 

Los Angeles, California 


The duration of labor was not different between a group of patients who were prospectively 
randomized to receive amnioinfusion compared with a group managed without amnioinfusion. 
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Position of the vibroacoustic stimulator does not affect fetal response 1137 
Daniel P. Eller, MD, Lucinda J. Robinson, MD, and Roger B. Newman, MD 
Charleston, South Carolina 


Vibroacoustic stimulation at the fetal breech produced the same fetal heart reactivity, change 
in fetal activity, and startle response as stimulation at the fetal head. 


Fetal heart rate accelerations, fetal movement, and fetal behavior 1140 
patterns in twin gestations 

Michael W. Gallagher, MD, Kathleen Costigan, RN, MPH, and Timothy R.B. Johnson, MD 

Baltimore, Maryland 


Examination of intrauterine twin behavior with Doppler techniques for detecting fetal heart 
rate and fetal movement reveals a high degree of synchrony of fetal behavior patterns. 


Birth weight threshold for postponing preterm birth 1145 
Ralph T. DePalma, MD, Kenneth J. Leveno, MD, Mary Ann Kelly, RN, M. Lynne Sherman, RN, 

and Thomas J. Carmody, PhD 

Dallas, Texas 


The birth weight thresholds at which obstetric interventions intended to postpone delivery 
were analyzed in 1147 women delivered of singleton infants after spontaneous preterm labor. 
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RPLANT SYSTEM 


levonorgestrel implants 
Lasts five years...yet is reversible 


BRIEF SUMMARY OF PRESCRIBING INFORMATION. CONSULT THE PACKAGE LITERATURE FOR 
FULL PRESCRIBING INFORMATION. 

Indications and Usage 

The NORPLANT SYSTEM is indicated for the prevention of pregnancy and is a long-term (up to 
5 years) reversible contraceptive system. The capsules should be removed by the end of the 5th 
year. New capsules may be inserted at that time if continuing contraceptive protection is desired. 
Contraindications 

1. Active thrombophlebitis or thromboembolic disorders. 2. Undiagnosed abnormal genital 
bleeding. 3. Known or suspected pregnancy. 4. Acute liver disease; benign or malignant liver 
tumors. 5. Known or suspected carcinoma of the breast. 

Warnings 

A. WARNINGS BASED ON EXPERIENCE WITH THE NORPLANT SYSTEM 





1. Bleeding Irregularities — Most women can expect some variation in menstrual bleeding patterns. 
Irregular menstrual bleeding, intermenstrual spotting, prolonged episodes of bleeding and spotting, 


and amenorrhea may occur, and could mask symptoms of cervical or endometrial cancer. Overall, 
these irregularities diminish with continued use. Because amenorrhea may occur, missed 
menstrual periods cannot serve as the only identifier of early pregnancy. Perform pregnancy tests 
whenever pregnancy is suspected. If pregnancy occurs, the capsules must be removed. 
Hemoglobin concentrations found in clinical trials generally indicated that reduced menstrua! blood 
loss is associated with NORPLANT SYSTEM use. Blood loss resulting in hemoglobin values 
consistent with anemia occurred rarely. 

2. Delayed Follicular Atresia — Atresia of the follicle is sometimes delayed, resulting in enlarged 
follicles that are clinically indistinguishable from ovarian cysts. In the majority of women, enlarged 
follicles disappear spontaneously. Rarely, they twist or rupture and surgical intervention may be 
required. 

3. Ectopic Pregnancies — Ectopic pregnancies have occurred among NORPLANT SYSTEM users, 
although clinical studies have shown no increase in the rate of ectopic pregnancies per year among 
NORPLANT SYSTEM users as compared with users of no method or of IUDs. The incidence among 
NORPLANT SYSTEM users (1.3 per 1000 woman-years) was significantly below the rate estimated 
for noncontraceptive users in the U.S. (2.7 to 3.0 per 1000 woman-years). Ectopic pregnancy risk 
may increase with duration of NORPLANT SYSTEM use and increased weight of the user. Rule out 
ectopic pregnancy in any patient presenting with lower-abdominal pain. 

4. Breast-feeding — Steroids are not the contraceptives of first choice for lactating women. 
Levonorgestrel has been identified in breast milk. Limited data suggests no significant effects on 
infant growth or health when mothers used the NORPLANT SYSTEM beginning 6 weeks after 
parturition. 

5. Foreign-body Carcinogenesis — Rarely, cancers occur at foreign-body intrusion sites or old 
scars. None has been reported in NORPLANT SYSTEM Clinical trials and risk to users is judged to 
be minimal. 

6. Thromboembolic Disorders — Remove capsules if active thrombophlebitis or thromboembolic 
disease develops. With prolonged immobilization removal should be considered. 

B. WARNINGS BASED ON EXPERIENCE WITH COMBINATION (PROGESTIN PLUS ESTROGEN) 
ORAL CONTRACEPTIVES (OCs) 

Note: Many of the side effects or risks listed below are thought to be estrogen-related; the 
association of the NORPLANT SYSTEM progestin-only method to these risks is unknown. 

1. Cigarette Smoking — Cigarette smoking increases the risk of serious cardiovascular side effects 
from combined OC use. Risk increases with age and heavy smoking (>15 cigarettes/day) and is 
quite marked in women over 35 years old. 

2. Elevated Blood Pressure — Increase in blood pressure has been reported in combination OC 
users; prevalence increases with long exposure. 

3. Thromboembolic Disorders and Other Vascular Problems — An increased risk of 
thromboembolic and thrombotic disease is associated with combination OC use. Estimate of 
relative risk is 4- to 11-fold higher for users vs. nonusers. 

Cerebrovascular Disorders: Combination OCs increase the relative and attributable risk of 
cerebrovascular events (thrombotic and hemorrhagic strokes). Generally, risk is greatest among 
hypertensive women > 35 years of age who smoke. 

Myocardial Infarction (MI): An increased risk of MI has been attributed to combined OC use. This is 
thought to be primarily thrombotic in origin and related to the estrogen component. Increased risk 
occurs primarily in smokers or women with other underlying risk factors for coronary-artery 
disease. Relative risk of heart attack for combined OC users is estimated as 2 to 6 times that for 
nonusers. Absolute risk is very low for women under 30 years old. 

Studies indicate a significant trend toward higher Mi and stroke rates with increased progestin 
doses in combination OCs. However, recent data indicated no increased MI risk with past use of 
levonorgestrel-containing OCs. 

4. Carcinoma — Recent evidence in the literature Suggests no association between OC use and 
increased risk of breast cancer in the overall population of users. The Cancer and Steroid Hormone 
(CASH) study also showed no latent effect on breast cancer risk for at least a decade following 
long-term use. Some of these same studies have shown an increased relative risk of breast cancer 
in certain subgroups; no consistent pattern has been identified. Some studies suggest an 
association between combination OCs and an increase in the risk of cervical intra-epithelial 
neoplasia in some populations of women. The extent to which such findings may be due to 
differences in sexual behavior and other factors remains controversial. A cause-and-effect 
relationship between combined OC use and breast or cervical cancer has not been established. 
Combination OCs may decrease ovarian and endometrial cancer risk. Irregular bleeding patterns 
associated with NORPLANT SYSTEM use could mask cervical or endometrial cancer symptoms. 
5. Hepatic Tumors — Hepatic adenomas are associated with combination OC use; estimated 
incidence is 3 events per 100,000 users per year. Risk increases after 4 or more years of use. 
Hepatic adenomas are benign but may rupture and cause death through intra-abdominal 
hemorrhage. 

6. Ocular Lesions — Retinal thrombosis is associated with OC use and is believed to be related to 
the estrogen component. However, NORPLANT SYSTEM capsules should be removed if there is 
unexplained partial or complete vision loss; onset of proptosis or diplopia; papilledema; or retinal 
vascular lesions. Undertake appropriate diagnostic and therapeutic measures immediately. 

7. Use Before or During Early Pregnancy — Extensive epidemiological studies reveal no increased 
risk of birth defects when OCs are used prior to pregnancy. Studies also do not suggest a 
teratogenic effect when taken inadvertently during early pregnancy. No evidence suggests that risk 
with NORPLANT SYSTEM use is different. 
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8. Gallbladder Disease — Early studies reported an increased lifetime relative risk of gallbladder 
surgery in OC or estrogen users. More recent studies, however, indicate that the relative risk of 
gallbladder disease with OC use may be minimal; this may be related to use of OCs with less 
estrogen and progestin content. 

Precautions 

GENERAL: 

1. Physical Examination and Follow-up — A complete medical history and physical examination 
should be taken prior to implantation or reimplantation of NORPLANT SYSTEM capsules and at 
least annually during its use. Exams should include special reference to the implant site, blood 
pressure, breasts, abdomen and pelvic organs, including cervical cytology and relevant laboratory 
tests. Rule out malignancy in cases of undiagnosed, persistent or recurrent abnormal vaginal 
bleeding. Women with a strong family history of breast cancer or who have breast nodules should 
be monitored with particular care. 

2. Carbohydrate Metabolism — Altered glucose tolerance is found in some combination and 
progestin-only OC users. Effects of NORPLANT SYSTEM on carbohydrate metabolism appear 
minimal. Observe diabetic and prediabetic patients carefully while using the NORPLANT SYSTEM. 
Follow women being treated for hyperlipidemias closely if using the NORPLANT SYSTEM. Some 
progestins may elevate LDL and may render control of hyperlipidemias more difficult. (See 
Warnings.) 

3. Liver Function — Consider removing capsules if jaundice develops. Steroid hormones may be 
poorly metabolized in patients with impaired liver function. 

4. Fluid Retention — Steroid contraceptives may cause some degree of fluid retention. Prescribe 
with caution, and careful monitoring, in patients with conditions possibly aggravated by fluid 
retention. 

5. Emotional Disorders — Consider removing capsules if significant depression occurs since the 
symptom may be drug-related. Observe carefully those with history of depression and consider 
removal if depression recurs to a serious degree. 

6. Contact Lenses — Contact-lens wearers who develop visual changes or changes in lens 
tolerance should be assessed by an ophthalmologist. 

7. insertion and Removal — Insertion is advised during the first 7 days of the cycle or immediately 
following abortion to insure that the woman is not pregnant and to assure contraceptive 
effectiveness during first cycle of use. Capsules may be inserted at any time during the cycle 
provided pregnancy has been excluded and a nonhormonal contraceptive method is used for the 
remainder of the cycle. Insertion is not recommended before 6 weeks postpartum in breast-feeding 
women. Follow insertion and removal instructions closely. Healthcare professionals are strongly 
advised to be instructed in the procedures before they attempt them. Proper insertion just under the 
skin facilitates removals; proper insertion and removal should result in minimal scarring. If all 
Capsules cannot be removed at first attempt, attempt removal later when the site has healed. 
Bruising may occur at implant site during insertion or removal. Hyperpigmentation may occur over 
implant site but is usually reversible following removal. See Full Prescribing Information for 
Detailed Insertion/Removal Instructions. 

8. Infections —\mplant site infection has been uncommon (0.7%); aseptic technique and proper 
insertion/removal reduces possibility of infection. Institute treatment if infection occurs; remove 
capsules if infection persists. 

9. Expulsion — Expulsion of capsules was uncommon; frequency increased when capsule 
placement was extremely shallow, was too close to incision, or when infection was present. 
Replace expelled capsule with new sterile capsule. Treat and cure any infection before replacement. 
Contraceptive efficacy may be inadequate with fewer than 6 capsules. 

10. Provisions for Remova! — Advise women that capsules may be removed at any time for any 
reason. Personnel instructed in removal technique should perform removal on request or at the enc 
of 5 years of usage. Upon removal, dispose of capsules in accordance with Centers for Disease 
Control Guidelines for biohazardous waste. 

DRUG INTERACTIONS: Reduced efficacy (pregnancy) in NORPLANT SYSTEM users has been 
reported when phenytoin or carbamazepine were used concomitantly. Warn NORPLANT SYSTEM 
users of possible decreased efficacy with use of related drugs. 

DRUG/LABORATORY TEST INTERACTIONS: 1. Sex-hormone-binding globulin concentrations are 
decreased. 2. Thyroxine concentrations may be slightly decreased and triiodothyronine uptake 
increased. 

CARCINOGENESIS: See Warnings section and Full Prescribing Information. 

PREGNANCY: Pregnancy Category X. See Warnings section and Full Prescribing Information. 
NURSING MOTHERS: See Warnings section and Full Prescribing Information. 

INFORMATION FOR THE PATIENT: See Patient Labeling. Provide copy of patient labeling to the 
patient. Advise patients that Prescribing Information is available upon request. Inform prospective 
users of risks and benefits associated with NORPLANT SYSTEM use, with other forms of 
contraception, with no contraception, and about insertion/removal procedures. Informed consent 
from all patients may be desired in light of techniques involved with insertion and removal. 
Adverse Reactions 

The following have been associated with the NORPLANT SYSTEM during first year of use: many 
bleeding days or prolonged bleeding (27.6%); spotting (17.1%); amenorrhea (9.4%); irregular 
(onsets of) bleeding (7.5%); frequent bleeding onsets (7.0%); scanty bleeding (5.2%); pain or 
itching near implant site - usually transient - (3.7%); infection at implant site (0.7%); removal 
difficulties affecting subjects - based on 849 removals - (6.2%). 

Controlled clinical studies suggest that the following, occurring during the first year, are probably 
associated with NORPLANT SYSTEM use: headache; nervousness; nausea; dizziness; adnexal 
enlargement; dermatitis; acne; change of appetite; mastalgia; weight gain; hirsutism, hypertrichosis 
and scalp-hair loss. The following were reported with a frequency of 5% or greater during the first 
year and possibly may be related to NORPLANT SYSTEM use: breast discharge; cervicitis; 
musculoskeletal pain; abdominal discomfort; leukorrhea; vaginitis. 

Overdosage 

Overdosage may cause fluid retention with its associated effects and uterine bleeding irregularities. 
Dosage and Administration 

The NORPLANT SYSTEM consists of six Silastic® capsules, each containing 36 mg of the progestin, 
levonorgestrel. The total administered (implanted) dose is 216 mg. Implantation of all six capsules 
should be performed during the first 7 days of the onset of menses by a healthcare professional 
instructed in the NORPLANT SYSTEM insertion technique. Insertion is subdermal in the midportion 
of the upper arm about 8 to 10 cm above the elbow crease. Distribution should be in a fanlike 
pattern, about 15 degrees apart, for a total of 75 degrees. Proper insertion will facilitate later 
removal. (See Full Prescribing Information for Detailed Insertion/Removal Instructions.) 
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VIDAS. 


The grand talent 
for Immunoanalysis. 


VIDAS, the automated immunoanalyzer for simultaneous multiparametric testing, is now available 
for immunochemistry, serology and antigen detection testing in the US. 


With VIDAS, immunoanalysis testing can now be as simple, reliable and versatile as 
automated clinical chemistry testing. 


The system features single-dose, totally self-contained reagent strips to which the sample is simply 
added and then automatically tested. 


— Simultaneous testing—up to at least 12 different VIDAS ASSAYS NOW AVAILABLE: 


parameters. 


— 2 to 5 separate compartments for batch or random 
access testing —always ready to go. 


— Fast turnaround time: results within 30 minutes. 








LH, Ferritin, Rubella IgG, Lyme Screen, 
Measles IgG, Chlamydia Ag, HSV 1+2 Ag, 
RSV Ag, C. difficile Toxin A, FSH, TSH, HCG. 


VIDAS Assays pending FDA clearance: 


— Absence of contamination and customer FT4, CMV IgG, Mumps IgG, Varicella- 
maintenance (no tubing, no syringes, no reagent asti IgG TOXO IgG TOXO IgM 
dispensing). Retivirui ' ' 

— Calibration via bar code with a factory preset 30 oth ilable f 
een heave other assays soon available for 


, l l immunochemistry, tumor markers, TDM, 
— One-point recalibration once every 2 weeks. serology and virology testing. 
— Simple to use— Assay processing proceeds 


automatically under computer control. 





mini VIDAS% VIDAS, over 300 tests per day. 
a totally integrated instrument 

for up to 80 tests per day. 

* Not yet available in the U.S. 





bioMérieux 
bioMérieux Vitek, Inc. 595 Anglum Drive, Hazelwood, Missouri 63042-2395, USA 
Phone 314/731-8500, 800/638-4835 - Fax 314/731-8700 
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Copyright statement. The specified copyright state- 
ment that follows the Information for Authors in each issue 
of the JOURNAL must be completed, signed by all authors, 
and submitted with the manuscript. If not completed in full, 
it will be returned to the author for completion. The copy- 
right statement and checklist form may be torn from the 
JOURNAL or photocopied for submission. 

Checklist. The checklist that appears with the copyright 
statement in each issue of the JOURNAL must be fully com- 
pleted by the author(s) and sent with each submitted manu- 
script. A more complete description of each item that must 
be checked is provided under the appropriate heading in the 
Information for Authors, which is published in each issue 
of the JOURNAL. If the checklist is not completed in full, the 
deficiencies will be noted, and the form, as well as the 
manuscript when necessary, will be returned to the author 
for completion. 

Previous publication. If a report by the same author(s) 
or some of the same authors has been previously published 
in any medium that deals in any respect whatsoever with the 
same patients, same animals, same laboratory experiments, 
or same data, in part or in full, as those reported in the 
manuscript being submitted, two reprints of the article(s) 
or two copies of the manuscript, be it a full-length report or 
an abstract, must be submitted with the manuscript. Two 
copies of a new manuscript being prepared for possible 
publication also must be submitted. The author(s) should 
inform the Editor of the circumstances, similarities, and 
differences of the reports. This requirement also applies to 
the submission of a manuscript in which a few different 
patients, animals, laboratory experiments, or data were 
added to those reported in a previous publication or in a 
submitted or accepted manuscript. Articles previously pub- 
lished in another language will not be considered. 

Human and nonhuman experimentation. It is as- 
sumed by the Editors that manuscripts emanating from a 
particular institution are submitted with the approval of the 


requisite authority. Human experimentation that requires 
local institutional approval must have this approval before 
the experiment is started and approval must be so indicated 
in the Material and Methods section of the submitted 
manuscript. Reports of experiments on nonhuman animals 
or other species must state in the Material and Methods sec- 
tion of the manuscript that the guidelines for the care and 
use of the animals approved by the local institution were fol- 
lowed. The type of nonhuman animals or other species used 
in an investigation must be named in the title, abstract, key 
words, and Material and Methods section of the manuscript. 

Authorship. For manuscripts with two or more authors, 
each author must qualify by having participated actively 
and sufficiently in the study that is being performed and 
reported. The inclusion of each author in the authorship list 
of a report is based only (1) on substantial contributions to 
(a) concept and design, or analysis and interpretation of 
data and (b) drafting the manuscript or revising it critically 
for important intellectual content; and (2) on final approval 
by each author of the version of the manuscript. Conditions 
l| (a and b) and 2 must both be met. Others contributing to 
the work should be recognized separately in an Acknowl- 
edgment. Jn the covering letter that accompanies the sub- 
mitted manuscript, it must be confirmed that all authors 
fulfilled both conditions. 

Conflict of interest. Authors are expected to inform the 
Editor, in a letter accompanying the submitted manuscript, 
of any commercial association that might pose a conflict of 
interest, such as ownership, stock holdings, equity interests 
and consultant activities, or patent-licensing situations. 
Such information is confidential, is not given to the con- 
sultants, and does not play a part in the decision of the 
quality or timeliness of the manuscript. If the manuscript 
is accepted, the author and the Editor will determine how 
best to release the information. The usual and customary 
listing of sources of support and institutional affiliations on 
the title page is proper and does not imply a conflict of 
interest; only where there is a possible conflict of interest is 
the author(s) expected to inform the Editor. 

Disclaimer. Statements and opinions expressed in arti- 
cles and communications herein are those of the author(s) 
and not necessarily those of the Editor(s) or Publisher, and 
the Editor(s) and Publisher disclaim any responsibility or 
liability for such material. Neither the Editor(s) nor the 
Publisher guarantees, warrants, or endorses any product or 
service advertised in this publication, nor do they guarantee 
any claim made by the manufacturer of such product or 
service. 

General requirements for preparation of manuscripts 

The original and two good-quality photocopies of the 
manuscript and three sets of black-and-white glossy prints 
of illustrations are required. See “Color figures” and ““Com- 
puter-generated figures” for special requirements. Manu- 
scripts must be submitted in English. 

Manuscripts must be typed double-spaced on one side 
only of 22 X 28 cm (8% X 11 inch) white bond paper with 
l-inch margins at top, bottom, and sides. Number pages 
consecutively in the upper right-hand corner in the follow- 
ing order: title page, condensation, abstract, body of text, 
acknowledgments, references, figure legends, and tables. 

Title page. The title page (page 1) should contain in 
sequence the title (concise and suitable for indexing pur- 
poses); author line with first name, middle initial, and last 
name of each author and each author’s highest academic 
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degree (both MD and PhD are acceptable, but honors de- 
grees are not permitted); city(ies), state(s) in which the 
study was conducted; divisional, or departmental, and in- 
stitutional affiliations at the time the study was performed; 
source(s) of financial support; presented line, if applicable; 
disclaimers, if any; name, address, business and home tele- 
phone numbers, and fax number of author to whom requests 
for reprints should be addressed (if reprints will not be 
available, it should be so stated); and name, address, busi- 
ness and home telephone numbers, and fax number of au- 
thor responsible for correspondence concerning the manu- 
script if different from author to whom reprint requests are 
addressed. At the bottom of the title page supply a short 
title for the running head not exceeding 52 characters (in- 
cluding word spaces). 

Condensation. On page 2 of the manuscript provide a 
brief, concise condensation, typed double-spaced, that will 
appear with the title in publication of the Contents pages of 
the JOURNAL. It should be a single sentence, limited to a 
maximum of 25 words, delineating the essential point(s) 
made in the manuscript. 

Abstract page including key words/phrases. On 
manuscript page 3, type the abstract, double-spaced, with 
the required margins and headed by the title of the article 
and name(s) of author(s). Below the abstract, list 3 to 5 key 
words or short phrases for indexing purposes. 

A structured abstract is required for certain types of 
articles and a standard abstract format is required for other 
types of articles; therefore the author(s) should select and 
prepare the appropriate abstract to be used in the submitted 
manuscript. This applies to both independently submitted 
and society manuscripts. 

Structured abstract. A structured abstract, limited to 
150 words, is to be used for regular articles and society 
articles; excluded are Clinical Opinion, Current Devel- 
opment, case report, and brief communication articles. 
The structured abstract is to contain the following major 
headings: Objective(s); Study Design; Results; and Con- 
clusion(s). The Objective(s) reflects the purpose of the 
study, that is, the hypothesis that is being tested. The Study 
Design should include the setting for the study, the sub- 
jects (number and type), the treatment or intervention, and 
the type of statistical analysis. The Results include the 
outcome of the study and statistical significance if appro- 
priate. The Conclusion(s) states the significance of the 
results. 

Standard abstract. The standard abstract format is re- 
quired for Clinical Opinion, Current Development, case 
report, and brief communication articles. The standard ab- 
stracts for Clinical Opinion and Current Development ar- 
ticles are to be 50 to 150 words and standard abstracts for 
case reports and brief communications are limited to 50 
words. Even though the formal names of these four types of 
articles are not used, an author should determine his/her 
type of manuscript and prepare the appropriate standard 
abstract, regardless of whether it is to be submitted inde- 
pendently or as a part of a society’s transactions. 

Text. Do not hesitate to write your manuscript in the first 
person and active voice if they are more appropriate to the 
information you wish to convey. The passive voice is gen- 
erally more effective for describing techniques or observa- 
tions, since the emphasis is on the “action” rather than on 
the person performing the action. 

Only standard abbreviations are to be used. Consult the 


Estimating length of manuscripts 


With the exception of Current Development articles, the length of text material (introduction 
through Comment section) in regular manuscripts accepted for publication normally ranges 
from 750 to 4200 words (an average of 2000 words). A text of 4200 words or more can seldom 
be accepted, especially if tables and figures are included. The average manuscript of 2000 words 


of text with abstract, 3 tables with captions, 2 figures with legends, and references makes a 
5.7-page article in the JOURNAL. The 2000 words of text alone makes approximately 8 pages 
of manuscript typed double-spaced with the required 1-inch margins (approximately 250 words 
per page). A table or figure that occupies both columns of half a JOURNAL page is equivalent 
to approximately 500 words in manuscript. Thus, if a greater number of illustrations and tables 
is used, the length of the text should be adjusted accordingly. 





Council of Biology Editors Style Manual or the AMA’s 
Manual of Style. Abbreviations in the title are not accept- 
able. They should be avoided, if possible, in the abstract. In 
the text they should be kept to a practical minimum. The 
full term for which an abbreviation stands should precede 
its first use in the text unless it is a standard unit of mea- 
surement. 

Either the generic, chemical, or proprietary names of 
drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the name 
of the manufacturer and city and state. 

Regular articles are customarily organized into the 
following sections: an introduction and headings that 
identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 
rationale for the study and cite only the most pertinent 
references as background. 

In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to repeat the 
study) the plan, the patients, experimental animals or other 
species, material, and controls, the methods and procedures 
utilized, and the statistical method(s) employed. 

In the Results section present the detailed findings. In- 
clude mentions of all tables and/or figures. Figures and 
tables should supplement, not duplicate, the text; presen- 
tation of data in either one or the other will suffice. Em- 
phasize only your important observations; do not compare 
your observations with those of others. Such comparisons 
and comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgments. Acknowledge only persons who 
have made substantive contributions to the study. 

References. A reasonable number (25) is allowed, ex- 
cept in case reports and brief communications (limited to 2) 
and in manuscripts for the Current Development section 
(for which there is no limit). Number references consecu- 
tively in the order in which they are mentioned in the text. 
Use the format of the “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals” (Vancouver 
style) (N Engl J Med 1991;324:424-8). Journal titles 
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should conform to abbreviations used in Cumulated Index 
Medicus. 


Examples (if six or fewer authors, list all; if seven or 
more authors, list three then et al.): 


JOURNAL: Flamm BL, Dunnett C, Fischermann E, Quil- 
ligan EJ. Vaginal delivery following cesarean section: use 
of oxytocin augmentation and epidural anesthesia with 
internal tocodynamic and internal fetal monitoring. AM 
J OBSTET GYNECOL 1984;148:759-63. 


Books: Ledger WJ. Dystocia and prolonged labor. In: 
Wilson JR, Carrington ER, eds. Obstetrics and gynecol- 
ogy. St. Louis: CV Mosby, 1987 vol 8:474-93. 


Personal communications and unpublished data, if 
essential, may be used but not as numbered references. If 
they are used, they are to be referred to, within parenthe- 
ses, at the appropriate location in the text. If used, the 
author(s) must obtain written and signed permission for 
their use from the individual being quoted. This signed 
permission must accompany the manuscript when it is 
submitted to the Editor. Published abstracts can be used as 
numbered references; however, reference to the complete 
published article is preferred. 

Figures. The term figure includes all types of illustra- 
tions such as graphs, diagrams, photographs, flow charts, 
and line drawings. A reasonable number of figures will be 
reproduced without charge, but special arrangements must 
be made with the Editors for color figures at an additional 
charge to the author. The quoted charge is per page of color, 
and as many as eight color figures can be included on one 
page if the color balance is appropriate. 

Figures must be cited consecutively in the text in Arabic 
numerals and identified with a gummed label on the back 
of the figure with author(s) name(s), title of article, figure 
number, and top marked clearly. Consistency in size within 
the article is strongly preferred. Any special instructions 
regarding sizing should be clearly noted. Do not use paper 
clips or mar the surface of figures in any way. Figures will 
be returned only on request by the author. 

For black-and-white figures, submit three sets of 3 X 4 
inch (minimum) to 5X 7 inch (maximum) unmounted, 
glossy prints. All lettering must be done with commercially 
available paste-on letters (or numbers) or by a professional; 
typed or freehand lettering is not acceptable. All lettering 
must be in proportion to the drawing, graph, or photograph. 
Original drawings, appropriately done in black India ink, 
roentgenograms, and other material must be submitted 
as glossy prints with good black-and-white contrast. 





For color figures submit original transparencies and two 
sets of unmounted prints on glossy (smooth surface) paper. 
Polaroid prints are not acceptable. Color transparencies 
must have a color balance (consistency in lighting and film 
speed) that is acceptable to the author and Editors before 
acceptance for publication. Please note that 35 mm trans- 
parencies are enlarged to twice their original size. If it is 
important to deviate from this standard, please so indicate 
when the material is submitted. The top, first author’s last 
name, and figure number must be indicated on the front of 
each transparency and the back of each print. 

Computer-generated figures must be legible and clearly 
printed in jet black ink on heavy coated paper with either 
a glossy or dull finish. Any patterns or shadings must be 
dark enough for reproduction and must be distinguishable 
from each other. Lines, symbols, and letters should be both 
smooth and complete. The legend should not appear on the 
figure. On the back of each figure the name of the first 
author and the figure number should be given and the top 
indicated. Three original individual laser or plotter prints 
are to be submitted unmounted with the manuscript. Laser 
prints should be full size at 300 dots per inch (DPI) or 
greater full-page resolution; multiple illustrations on a page 
cannot be accepted. Dot matrix prints and photographic 
halftones are not acceptable. Color figures are acceptable, 
but special arrangements must be made with the Editors. 
The colors used must be dark enough and of sufficient 
contrast for reproduction. With the exception of fluorescent 
colors, all colors can be reproduced in four-color figures. The 
preparation and submitting of color prints should fol- 
low the preceding guidelines for black-and-white computer- 
generated illustrations. 

Legends to figures. Legends for all figures must be 
typed together in numeric order double-spaced on one sheet 
of paper (or more if necessary) separate from the text of the 
manuscript. This page must be numbered in sequence after 
the references. Titles should be included in the legend, not 
on the print. Original magnifications should be provided. If 
a figure has been taken from copyrighted material, the 
legend must give full credit to the original source. 

Tables. Tables should be typed on separate sheets of 
paper, one table to a page, and included at the end of the 
text. They should be numbered in Roman numerals. Each 
table must be cited in sequence at an appropriate point in 
the text. Titles should be brief yet indicate clearly the pur- 
pose or content of each table, and each column should be 
precisely defined by headings. Abbreviations and special 
designations should be explained in a footnote to the table. 
If a table or any part thereof has been taken from copy- 
righted material, a footnote to the table must give full credit 
to the original source. Arrangements must be made with the 
Editors for elaborate tables because of space limitations. 

Permissions. Direct quotations, tables, or figures that 
have appeared in copyrighted material must be accompa- 
nied by written permission for their use from the copyright 
owner and original author along with complete reference 
information. Photographs of identifiable persons must be 
accompanied by signed releases. If not, all recognizable 
features must be masked. 

Requirements for certain types of manuscripts 

Case reports and brief clinical and basic science 
communications. Limit of 700 words, 2 references. In- 
clude standard abstract format, of 50 words maximum, 3 to 
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5 key words/phrases for indexing purposes, and short title. 
If tables and/or figures are used, an equivalent number of 
words must be deducted from the total (see “Estimating 
Length of Manuscript”). 

Clinical Opinion. Limit of 3000 words. Include stan- 
dard abstract format of 50 to 150 words, 3 to 5 key words/ 
phrases, and short title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
standard abstract format of 50 to 150 words, 3 to 5 key 
words/phrases, and short title. Submit to Dr. Zuspan. 

Letters to the Editors. Letters to the Editors must be 
submitted in duplicate, typed double-spaced, and the text of 
the manuscript must be limited to a maximum of 400 words 
(excluding references, name[s] and address[es] of the sign- 
er[s], and the phrase “To the Editors’). The submitted 
Letter to the Editors must be accompanied by a signed 
copyright statement. If there are two or more signers of the 
Letter to the Editors, one of the authors may sign the 
copyright statement but must add to the statement the 
following: “I sign for and accept responsibility for releasing 
this letter on behalf of any and all cosigners.” These re- 
quirements apply to all types of Letters to the Editors. 
Letters should be sent to Dr. Zuspan. 

Two types of letters will be considered for publication. (1) 
A Letter to the Editors commenting on an article that has 
appeared in the JOURNAL should be brief and directly re- 
lated to the published article. The editorial staff reserves the 
right to shorten letters if necessary and to make minor 
editorial alterations without reference to the writer. Letters 
may be published together with a reply from the original 
author. If the original author does not respond, a notation 
indicating “Response declined” will be published. As space 
for letters is limited, only a selection of letters submitted 
may be published. (2) A brief case presentation or a short 
report of a pertinent observation in the form of a Letter to 
the Editors will be considered for publication. 

Announcements. Announcements of major meetings 
and other significant activities must be received at least 8 
weeks before the desired month of publication. All an- 
nouncements carry a charge of $60 U.S., and the fee must 
accompany the request to publish. Information will be lim- 
ited to title of meeting, date, place, and an address to obtain 
further information. Send announcements and payment, 
payable to this JOURNAL, to Kay G. Goehler, Senior Manu- 
script Editor, Journal Editing, Mosby—Year Book, Inc., 
11830 Westline Industrial Drive, St. Louis, MO 63146- 
3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Zuspan. No books will be re- 
turned. 

Reprints 

The corresponding author will receive a price schedule 
and order form at the time of publication. Reprints in 
quantities must be ordered from the Publisher with the 
author’s consent. 

Business communications 

Communications of a business nature and all advertising 
communications should be addressed to: Journal Publisher, 
Mosby-Year Book, Inc., 11830 Westline Industrial Drive, 
St. Louis, MO 63146-3318, or call Journal Advertising 
Production Manager (1-800-325-4177, ext. 4306, or 314- 
453-4306). 


CHECKLIST AND COPYRIGHT STATEMENT 


Both the checklist and the copyright statement forms must be completed and sent with each 
submitted manuscript. If not completed, these forms will be returned to the author for com- 


pletion. 


These items appear in each monthly issue of the JOURNAL. A photocopy may be used. An 
exposition of the requirements given in the checklist is in the Information for Authors, which 


is published in each issue of the JOURNAL. 


CHECKLIST 


General 

—The original and two copies of the manuscript are sub- 
mitted. 

—The completed checklist is enclosed. The assignment of 
copyright signed by all authors accompanies the manu- 
script. 

—Human experimentation has been approved by the local 
institution as stated in the Material and Methods section. 

—Guidelines for the care and use of nonhuman animals or 
other species approved by the institution have been fol- 
lowed as indicated in the Material and Methods section. 
The species is named in the title, abstract, key words, and 
Material and Methods section. 

—The covering letter with essential information is with the 
manuscript. 

—A\|l elements of the manuscript are typed in English dou- 
ble-spaced on bond paper with l-inch margins at top, 
bottom, and sides. 

—All pages are numbered in the following order: title page, 
condensation, structured or standard abstract, body of 
the text, acknowledgments only of persons who have 
made substantive contributions to the study, references, 
legends, and tables. 

—Signed, written permission from both the copyright 
holder and the original author for the use of tables, fig- 
ures, or quotations previously published and their com- 
plete references are enclosed with the manuscript. 

—Signed, written permission for the use of quotations of 
personal communications and unpublished data has been 
obtained from the person(s) being quoted and is enclosed. 


Authorship 

—In the covering letter that accompanies the submitted 
manuscript I/we have confirmed that all authors fulfilled 
both conditions required for authorship. 


Conflict of interest 
—In the covering letter that accompanies the submitted 
manuscript the commercial association of the author or 


of any coauthors that might pose a conflict of interest is 
described. 


Previous publications 

—Enclosed with the submitted manuscript are two reprints 
each of articles the author and/or some of the coauthors 
have previously published, have submitted for possible 
publication, or have in manuscript form dealing with 
same patients, same animals, same laboratory experi- 
ment, or same data, in part or in full, as those reported 
in the submitted manuscript. Further explanation is pro- 
vided in the covering letter that accompanies the sub- 
mitted manuscript. 

—Similarities, differences and explanation are provided in 
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the covering letter that accompanies the submitted 
manuscript. 


Reviewers 
—Names and addresses of three suggested reviewers are 
enclosed. 


Title page 

—These elements are given in the following sequence, and 
are typed double-spaced. 

—Title. 

—Author(s) name(s) and highest academic degree(s) are 
shown. 

—City(ies), state(s), and country other than United States 
in which the study was conducted are given. 

—The name(s) of the institution(s) section(s), division(s), 
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The natural interleukin-1 receptor antagonist in term and 


preterm parturition 
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Bethesda, Maryland 


OBJECTIVE: Interieuxin-1 has been implicated in the mechanisms responsible for preterm labor in the 
setting of infection. The interieukin-1 receptor antagonist is a new member of the interleukin-1 gene family 
that inhibits the biologic effects of interleukin-1 by blocking its receptors. Reduction of 
interleukin-1—induced prostaglandin production by intrauterine tissues may have potential value in the 
treatment of preterm labor asscciated with infection. The purpose of these studies was (1) to determine 
interleukin-1 receptor antagonist levels in the amniotic fluid of women with term and preterm labor (with 
and without infection) and (2) te study the effects of interleukin-1 receptor antagonist on 
interleukin-1—induced prostaglandin biosynthesis by human amnion and chorion. 

STUDY DESIGN: Amniotic fluid was obtained from women in the midtrimester of pregnancy (n = 20), at 
term pregnancy (with and without labor, n = 69), and in preterm labor {n = 47). Fiuid was cultured for 
aerobic and anaerobic bacteria and Mycoplasmas. Interleukin-1a, interleukin-18, and interleukin-1 receptor 
antagonist concentrations were measured by immunoassays previously validated for human amniotic fluid. 
The effect of interleukin-1 receptor antagonist on interleukin-1—induced prostaglandin production by 
amnion and chorion was studied with primary cultures. Cells were incubated with interleukin-1 receptor 
antagonist and interleukin-1a or interleukin-18 for 16 hours. Prostaglandin E, released into the media was 


assayed by immunoassay. 


RESULTS: (1) Interleukin-1 receptor antagonist was present in all amniotic fluid samples; (2) amniotic fluid 
contains the highest interleukin-1 receptor antagonist concentrations detected in any biologic fluid to date; 
(3) amniotic fluid interleukin-1 receptor antagonist concentrations were not increased in women with 
preterm labor and intraamniotic infection in spite of dramatically elevated concentrations of interleukin-10 
and interleukin-18 in the same fluid (median 22 ng/ml and range 0.16 to 70 for preterm labor with 
negative amniotic fluid culture vs median 30 ng/ml and range 6 to 70 for preterm labor with positive 
amniotic fluid culture; p > 0.05); (4) interleukin-1 receptor antagonist reduced interleukin-18—induced 
prostaglandin E, production by amnion and chorion in a dose-dependent manner; (5) interleukin-1 receptor 
antagonist by itself did not stimulate prostaglandin E, release by amnion and chorion when used in 


concentrations ranging from 0.1 to 1000 ng/ml. 
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CONCLUSIONS: (1) Interleukin-1 recep‘or antagonist is a physiologic component of amniotic fluid; (2) the 
release of interleukin-1« and interleukin-1B into the amniotic fluid in women with preterm labor is not 
associated with an increase in interleukin-1 receptor antagonist levels in amniotic fluid; (3) interleukin-1 
receptor antagonist reduces interleukin-1—induced prostaglandin production by amnion and chorion; (4) 
exogenous anticytokine agents may be of value in the treatment of preterm labor. (AM J OBSTET GYNECOL 


1992:167:863-72.) 


Key words: Interleukin-1 receptor antagonist, preterm labor, amniotic fluid, intraamniotic 


infection 


Interleukin-1 (IL-1) has been implicated as a central 
pathophysiologic mediator of infection-induced par- 
turition. This cytokine is produced by human decidua 
in response to bacterial products,’ it stimulates pros- 
taglandin production by amnion, chorion, and de- 
cidua,'* and it is present in high concentrations in the 
amniotic fluid of patients with preterm labor and rmi- 
crobial invasion of the amniotic cavity."? Moreover, Li- 
| can induce preterm parturition when administered 
systemically to pregnant mice.® 

Recently, the IL-l] inhibitor, a naturally occurring 
receptor antagonist, has been cloned.” *° The IL-1 re- 
ceptor antagonist is a member of the IL-1 gene family; 
it binds to the IL-1 receptors but has no agonist activity. 
Exogenous IL-1 receptor antagonist blocks virtually all 
IL-1 properties both in vitro and in vivo.*" Because 
IL-1 receptor antagonist blocks IL-1—induced prosta- 
glandin production by several cell types,'*-** it is possible 
that this cytokine may be of value in the treatment of 
preterm labor associated with infection. 

The studies described in this communication were 
designed: (1) to determine if the IL-1] receptor antag- 
onist is present in normal amniotic fluid, (2) to examine 
the changes in amniotic fluid IL-1 receptor antagonist 
during term and preterm labor (with or without infec- 
tion), and (3) to determine if the IL-1 receptor antag- 
onist can block IL-1—induced prostaglandin produc- 
tion by amnion and chorion. 


Material and methods 


Study design. A cross-sectional study was conducted 
according to the results of amniotic fluid cultures, ges- 
tational age, and labor status. The following four 
groups were identified: group 1, women in the mid- 
trimester of pregnancy (gestational age 16 to 18 weeks) 
who underwent amniocentesis for genetic indications 
(n = 20); group 2, women at term (38 ta 39 weeks” who 


had amniocentesis for the assessment of fetal lung ma-' 


turity before elective cesarean section (n = 29); group 
3, women admitted with preterm labor and intact mem- 
branes (n = 47). This group was classified into three 
subgroups according to the results of amniotic fluid 
cultures and response to tocclysis: women with z neg- 
ative amniotic fluid culture wno responded to tocolysis 


and delivered at term (n = 17), women with a negative 
amniotic fluid culture who failed to respond to tocolysis 
and delivered prematurely (n = 15), and women with 
a positive amniotic fluid culturé who delivered a pre- 
term neonate (n = 15). Group 4 consisted of women 
in spontaneous active labor at term (n = 40). This 
group was subdivided according to the results of am- 
niotic fluid culture to patients with a negative culture 
(n = 28) and patients with a positive culture (n = 12). 

Preterm labor was defined as the presence of regular 
uterine contractions with a frequency of at least two 
every 10 minutes and with changes in Bishop's cervical 
score. Ritodrine was.administered as the tocolvtic agent 
to all these patients. Amniocentesis was performed be- 
fore the initiation of tocolytic therapy. Failure of to- 
colysis was defined as progressive cervical dilatation to 
25 cm or delivery. 

Retrieval of amniotic fluid. Amniotic fluid was re- 
trieved by transabdominal amniocentesis in all women 
under ultrasonographic guidance. Amniocentesis for 
microbiologic and fetal lung maturity studies is rou- 
tinely offered in our institution to all patients with the 
diagnosis of preterm labor. Women in active labor at 
term (group 4) were ascertained by a search of our 
obstetric data base. They were identified as patients 
who had undergone amniocentesis because of sus- 
pected preterm labor but who subsequently delivered 
a newborn (within 12 hours of amniocentesis) with a 
birth weight >2500 gm who was considered term by 
pediatric examination. The identification number of 
patients fulfilling these criteria was cross-referenced 
with samples stored in our amniotic fluid bank. 

A sample of amniotic fluid was sent for microbiologic 
studies. The remaining fluid was centrifuged at 200g 
for 10 minutes at 4° C and stored in polypropylene 
tubes at — 70° C until assayed. 

Microbiologic culture technique. Amniotic fluid was 
transported to the laboratory in a capped plastic syringe 
immediately after collection. These conditions preclude 
air contact with the specimen. Plating occurred within 
30 minutes of collection in all cases. Amniotic fluid was 
cultured for aerobic and anaerobic bacteria, as well as 
Mycoplasma species. 

IL-la, IL-1B, and IL-1 receptor antagonist deter- 
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Fig. 1. The median concentration of IL-1 receptor antagonist (/L-I7a) is not significantly higher in 
the amniotic fluid of women at term not in labor than in the midtrimester of pregnancy (median 
17 ng/ml and range <0.16 to 50 ng/ml vs median 11.3 ng/ml and range 4 to 48 ng/ml, respectively; 


p > 0.05, Mann-Whitney U test). 


minations. [L-lae and IL-18 were measured in 39 pa- 
tients with preterm labor and in 47 patients at term. 
IL-la was measured by a radioimmunoassay previously 
described in detail," which was validated for human 
amniotic fluid.” The sensitivity of the assay is 157 
pg/ml, and the intraassay and interassay coefficients of 
variatior: are 8.4% and 12%, respectively. IL-18 was 
determined with a commercially available immunora- 
diometric assay validated for amniotic fluid (Medgenix, 
Bruxelles, Belgium). The sensitivity was set at 157 
pg/ml and the intraassay and interassay coefficients of 
variation are 7.1% and 10.5%, respectively. IL-1 recep- 
tor antagonist determinations were performed by a ra- 
dioimmunoassay previously described in detail, which 
was validated for human amniotic fluid.’ This assay has 
a sensitivity of 166 pg/ml, and the intraassay and in- 
terassay coefficients of variation are 5.9% and 12%, 
respectively, [L-la and IL-1 do not cross react with 
IL-1 receptor antagonist in this assay. 

Amnion and chorion cell cultures. The effect of IL- 
l] receptcr antagonist on IL-1—induced prostaglandin 
production by amnion and chorion was studied with 
primary cultures. Human amnion tissues were obtained 
from placentas of women having elective cesarean sec- 
tion at term before the onset of labor. Amnion cells 
were dispersed and maintained in primary monolayer 
culture as described previously.’ The cells were placed 
in a 24-well tissue culture plate (Costar, Cambridge, 
Mass.) at a cell density of 1 x 10° cells per well. The 


cells replicated to confluence in 7 to 14 days. All ex- 
periments were performed in confluent monolayers of 
cells. The cells were maintained in a mixture (1:1, 
vol/vol) of Ham’s F-12 media and Dulbecco’s minimal 
essential media (1:1, vol/vol) that contained heat-in- 
activated fetal calf serum (10%, vol/vol), penicillin (200 
U/ml), streptomycin (200 ug/ml), fungizone (0.5 
ug/ml), kanamycin (200 pg/ml), and gentamicin (200 
mg/ml). In these amnion cells, as in amnion tissue, pros- 
taglandin E, (PGE,) is the main product of arachidonic 
acid metabolism. 

Human chorion tissues were obtained from placentas 
of women undergoing elective cesarean section at term 
before onset of labor. Chorton tissue was obtained and 
chorion leave cells were dispersed and isolated as de- 
scribed previously.'® The chorion leave was incubated 
at 37° C in collagenase B (50 mg/ml in Dulbecco’s mod- 
ified eagle’s medium) for approximately 2 hours. The 
supernatant was filtered twice over gauze and the cells 
were pelleted by centrifugation at 800g for 10 minutes. 
The cells were washed with fresh Dulbecco’s modified 
Eagles medium, layered over discontinuous Percoll 
gradients (60%, 40%, 20%, and 5% Percoll in Dulbec- 
co’s modified Eagle’s medium), and then centrifuged 
at 900g for 20 minutes. The cells migrating to the 20% 
to 40% interface were collected, washed, and plated at 
a density of 300,000 cells per well in twenty-four 16 
mm well plates in Ham’s F-12—Dulbecco’s modified Ea- 
gle’s medium plus 10% fetal calf serum. The cultures 
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Fig. 2. Amniotic fluid IL-1 receptor antagonist ([L-/ra) concentrations in women with preterm labor 
and intact membranes according to amniotic Huid culture results and preterm delivery. For negative 
culture and term delivery, median 30 ng/ml and range 3.4 to 50 ng/ml; for negative culture and 
preterm delivery, median 22 ng/ml and range <0.16 to 70 ng/ml; for positive culture and preterm 
delivery, median 30 ng/ml and range 6 to 70 ng/ml! (p > 0.05, Kruskal-Wallis tesi). 


were maintained at 37° C in a humidified atmosphere 
containing 5% carbon dioxide in air. 

Effect of IL-1 receptor antagonist on IL-1—induced 
PGE, production by amnion and chorion cells. Hu- 
man recombinant IL-18 (hrIL-18) for these experi- 
ments was obtained from the repository for biologic 
response modifiers from the National Cancer Institute 
(Frederick, Md.). hrIL-1 receptor antagonist was kindly 
_ provided by Dr. Daniel Tracey (The Upjohn Company, 
Kalamazoo, Mich.). For dose-response studies of the 
effect of IL-] receptor antagonist on PGE, production 
by amnion cells, hrIL-18 was used at a final concen- 
tration of 1. ng/ml in amnion cultures and 10 ng/ml in 
chorion cultures. These doses were chosen because they 
achieve consistent stimulation of PGE, production by 
amnion and chorion, respectively. hrIL-1 receptor an- 
tagonist was used at final concentrations ranging from 
0.1 to 1000 ng/ml. 

Incubations were conducted for 16 hours at 37° C in 
a humidified incubator. Each condition of testing was 
repeated in a given primary amnion culture in repli- 
cates of four. Four different primary cultures of am- 
nion and chorion were used. 

PGE, radioimmunoassay. PGE, was measured di- 
rectly in the culture media by a sensitive and specific 
' radioimmunoassay; the general technique has been de- 
scribed elsewhere.” ë Briefly, we used antisera pur- 

chased from Advanced Magnetics, Inc. (Boston, Mass.). 


Standard curves were constructed with control culture 
media (not exposed to cells) to form an appropriate 
matrix for the incubation of the standard that is iden- 
tical to the sample incubation. The sensitivity of the 
assay varies between | anc 2 pg per tube. The intraassay 
coefficient of variation is 4.2% and the interassay co- 
efficient of variation is 9.7%. PGE, output by the tissues 
was expressed in picograms per microgram of protein 
per 16 hours. Protein quantification? was performed by 
the method of Lowry et al. 

Statistical analysis. Comparisons of amniotic fluid 
concentrations of IL-1 receptor antagonist, IL-la, and 
IL-1 among groups were performed with a Mann- 
Whitney U test (for comparison of two groups) or Krus- 
kal-Wallis analysis of variance (for three groups). Post- 
hoc comparisons were performed with Dunn’s test. Fac- 
torial analysis (multiple-way analysis of variance) was 
used to analyze the effect of IL-1 and IL-1 receptor 
antagonist in PGE, release into the media by amnion 
and chorion cells (Epistat Service, Richardson, Tex.). 


Results 


IL-1 receptor antagonist. IL-1 receptor antagonist 
was present in all amniotic fluid samples. There was no 
difference in amniotic Huid IL-1] receptor antagonist 
concentrations between women in the midtrimester and 
those at term (Fiz. 1). Also, spontaneous preterm and 
term parturition was not associated with a change in 
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Fig. 3. Amniotic fluid IL-1 receptor antagonist (/L-J7a) concentrations in women at term according 
to amniotic fluid culture and labor status. For no labor with negative culture, median 17 ng/ml and 
range <0.16 to 50 ng/ml; for labor with negative culture, median 15 ng/ml and range <0.16 to 46 
ng/ml: for term labor with positive culture, median 14.5 ng/ml and range <0.16 to 38 ng/ml 


(p > 0.05, Kruskal-Wallis test). 


amniotic fluid concentrations of IL-1 receptor antag- 
onist regardless of the microbiologic state of the am- 
niotic cavity (Figs. 2 and 3). 

IL-la and IL-IB. Amniotic fluid IL-le and IL-1B 
concertrations in patients with preterm and term labor 
are displayed in Figs. 4 and 5, respectively. These two 
cytokines were not detected in samples of amniotic fluid 


in the midtrimester of pregnancy (data not shown) or 


in most samples of amniotic fluid of women at term not 
in labor. Microbial invasion of the amniotic cavity in 
women in preterm labor was associated with a signifi- 
cant increase in the concentration of both IL-le and 
IL-18 (Fig. 4). 

IL-1 receptor antagonist/IL-1 ratio. In women with 
preterm labor and microbial invasion of the amniotic 
cavity. the IL-1 receptor antagonist/total IL-1 (IL-le 
plus IL-18) ratio was 2.7:1. It was not possible to ac- 
curately estimate the IL-1] receptor antagonist/total IL- 
l ratio in the remaining patient groups because IL-1 
was not detectable in most cases. If a nondetectable IL- 
I determination is considered equal to 0, the IL-1 re- 
ceptor antagonist/total IL-1 ratio is infinite. On the 
other hand, if the detection limits of the IL-la and IL- 
B assays are used as estimates of amniotic fuid con- 
centrations of these cytokines, the IL-1 receptor antag- 
onist/total IL-1 ratio in women with microbial invasion 
of the amniotic cavity is significantly lower than the ratio 
in the other groups (data not shown). 


Effect of IL-1 receptor antagonist on IL-1—1induced 
PGE, production by human amnion and chorion. IL- 
] receptor antagonist did not alter PGE. release into 
the media by amnion or chorion cells in primary culture 
over a wide range of concentrations (0.1 to 1000 
ng/ml) (Fig. 6). Preincubation with IL-1 receptor an- 
tagonist (doses ranging from | to 1000 ng/ml) decrease 
IL-1 —induced PGE, released into the media by amnion 
(Fig 7, A). Complete blockade of this biologic effect was 
observed at a ratio of IL-1 receptor antagonist/IL-1 of 
100: 1. On the other hand, a significant but incomplete 
blockade of IL-1—induced PGE, production by human 
chorion was achieved by preincubation with IL-1 re- 
ceptor antagonist (Fig. 7, B). 


Comment 


Inhibitory bioactivity of IL-1 has been detected in 
plasma, urine, amniotic fluid, synovial exudates, and 
conditioned media from human monocytes.” | The 
precise nature and mechanism of action of most of 
these inhibitors have not been established. Some inhib- 
itory activity may be attributable to proteins that bind 
IL-1 or other substances that interfere with IL-1 bioas- 
says. The IL-1 receptor antagonist is the first described 
naturally occurring specific cytokine receptor antago- 
nist. This protein is produced by a wide variety of cells 
including monocytes, macrophages, neutrophils, and 
keratinocytes. The IL-1 receptor antagonist shares 39% 
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Fig. 4. Amniotic fluid IL-la and IL-IR concentrations in women with preterm labor and intact 
membranes according to amniotic fluid culture results and preterm delivery. [L-la: For negative 
culture and term delivery, median <0.157 ng/ml; for negative culture and preterm delivery, median 
<0.157 ng/ml and range <0.157 to 0.5 ng/ml; for positive culture and preterm delivery, median 
4.9 ng/ml and range 1.8 to 8.9 ng/ml (p < 0.001, Kruskal-Wallis test). IL-18: For negative culture 
and term delivery, median <0.157 ng/ml; for negative culture and preterm delivery, median <0.157 
ng/ml and range <0.157 to 0.159 ng/ml; for positive culture and preterm delivery, median >10 
ng/ml and range 0.84 to >10 ng/ml (p < 0.001, Kruskal-Wallis test). 


amino acid homology with IL-1B. Moreover, the genes 
for these three cytokines have similar intron-extron or- 
ganization in humans, mice, and rats. Collectively, this 
evidence has been interpreted to indicate that the 
IL-1 receptor antagonist is a member of the IL-1 family, 
which evolved from a common ancestor gene and arose 
by gene duplication before the IL-la gene diverged 
from the IL-18 gene.” IL-1 receptor antagonist can 
bind to both type I and type II IL-1 receptors." Human 
type I IL-1 receptors bind IL-la, IL-16, and IL-1 re- 
ceptor antagonist with the same affinity whereas type 
II IL-1 receptors bind-IL-18 with greater avidity than 
IL-1 receptor antagonist.'' After binding to the recep- 
tor, IL-1 receptor antagonist does not induce signal 
transduction and blocks most biologic properties of 
IL-1 in vitro and in vivo.’*" 

A significant finding of our study is that the IL-1 
receptor antagonist is a physiologic constituent of hu- 
man amniotic fluid. This observation in consistent with 


the results of a previous study that demonstrated that 
human amniotic fluid contained an inhibitor(s) to IL- 
l bioactivity.” Since IL-1 receptor antagonist has not 
been detected in plasma, serum, or cerebrospinal fluid 
of healthy individuals,® ° amniotic fluid is the only 
physiologic body fluid in waich the IL-1 receptor an- 
tagonist is normally present. Moreover, the concentra- 
tions of IL-1 receptor antagonist detected in normal 
amniotic fluid are among the highest that have been 
observed in any biologic fuid examined thus far, even 
in pathologic states. Indeed, they are higher than those 
observed in human plasma after experimental 
endotoxemia” and similar to those measured in the 
plasma of critically ill patients.” 

The sources and physiologic role of the IL-1 receptor 
antagonist in amniotic fluid are unknown. Amniotic 
fluid keratinocytes and macrophages are logical sources 
for these cytokines since these cells are known to pro- 
duce IL-1 receptor antagonist. Similarly, human fetal 


Volume 167 
Number 4, Part ] 






Natural interleukin-1 “eceptor antagonist in human parturition 869 









4 
IL-1a @ 
O 
2 
E O 
D 
.5 © 
© © O e O 
@ e 
O © O O 
j 20099 ~ 09000 eA Rann ER Seer E ee T mci 
-99990 -90000- OO imi 
ee IIIT) 
a 00000 00000 6000o 600000 0.157 ng/ml 
No Labor Labor Labor 
No Infection No Infection Infection 
(n = 24) (n = 18) (n=5) 


Fig. 5. Amniotic fluid IL-l and IL-18 concentrations in women at term according to amniotic fluid 
culture and labor status. IL-la: For no labor with negative culture. median <0.157 ng/ml and range 
<0.157 to 0.449 ng/ml; for labor with negative culture, median <0.157 ng/ml and range <0.157 
to 0.19] ng/ml; for term labor with positive culture, median <0.157 ng/ml (p > 0.05, Kruskal- 
Wallis test). IL-18: For no labor with negative culture, median <9.157 ng/ml and range <0.157 to 
0.365 ng/ml; for labor with negative culture, median <0.157 ng/ml and range <0.157 to 0.357 
ng/ml; for term labor with positive culture, median 0.193 ng/ml and range <0.157 to 3 ng/ml 


(p < G.001, Kruskal-Wallis test). 


urine may be an important source of amniotic fuid IL- 
l receptor antagonist because adult urine contains de- 
tectable concentrations of this cytokine. Further studies 
are required to establish whether the IL-1 receptor an- 
tagonist is produced by cells in fetomaternal interface 
(i.e., amnion, chorion, etc.). 

It is noteworthy that the IL-1 receptor antagonist is 
present in amniotic fluid that contains no detectable IL- 
la or IL-18. Thus a cytokine, which has no known 
function other than to block IL-1, is present in high 
concentrations in the absence of the agonist. Does the 
IL-1 receptor antagonist have any physiologic role in 
normal human pregnancy? One possibility is that the 
IL-1 gene family, as other cytokines, plays an important 
role in tissue remodeling during fetal growth and de- 
velopment and that amniotic fluid IL-1 receptor an- 
tagonist merely reflects excretion of this cytokine by the 
fetus. Alternatively, IL-] receptor antagonist may have 
a furcction during intrauterine life or pregnancy, yet to 
be established, and its role as an IL-] antagonist may 
be merely an epiphenomenon. 

In the context of normal pregnancy, the IL-1 recep- 
tor antagonist may protect the conceptus from untimely 


birth. IL-1 is an extremely potent cytokine that exerts 
most of its biologic functions by occupying a small num- 
ber of receptors.*'’ Therefore, in the absence of a nat- 
ural inhibitory mechanism, minor insults could lead to 
IL-1 production, stimulation of prostaglandin biosyn- 
thesis, and premature myometrial activation. An “ex- 
cess” of IL-1 receptor antagonist may protect against 
preterm birth in the context of injuries that do not 
overwhelm the reparative capacity of the host. Another 
potential role of amniotic fluid IL-1 receptor antagonist 
is to contribute in host defense against infection. Am- 
niotic fluid is normally sterile and has antimicrobial 
activity. The biochemical factors responsible for this 


activity have not been defined. IL-18, a cytokine pro- 


duced during the course of both infection-induced and 
non-infeccion-induced inflammatory processes, has 
been shown to bind virulent strains of Escherichia colt 
and enhance their growth in vitro.” This biologic effect 
can be blocked by the IL-1 receptor antagonist.” In 
amniotic fluid the IL-1 receptor antagonist may con- 
tribute to host defense by inhibiting IL-1—induced bac- 
terial growth. 

A second major finding of this study is that preterm 
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Fig. 6. Representative experiment of effect of IL-1 receptor antagonist (IL-1ra) on PGE, release into 
media by human amnion cells (A) and chorion célls (B) in primary culture, No change in PGE, 
release inte the media was noted over a wide range of IL-1 receptor antagonist concentrations (0.1 


to 1000 ng/ml) (p > 0.05). 


parturition, in the presence of microbial invasion of the 
amniotic cavity, 1s not associated with significant 
changes in the amniotic fluid concentrations of IL-1! 
receptor antagonist. This is in contrast with the dra- 


matically high concentrations of IL-1 receptor antag- . 


onist observed in cerebrospinal fluid in cases of men- 
ingitis,” synovial fluid in cases of arthritis,“ and plasma 
after experimental endotoxemia.” A possible expla- 
nation for our observations is that IL-l receptor an- 
tagonist is maximally or nearly maximally expressed by 

gestational tissues under normal circumstances. Micro- 


organisms and their products gaining access to intra- - 


uterine tissues enhance IL-la and IL-18 gene expres- 
sion much more than IL-1 receptor antagonist. The net 
effect is an IL-1] receptor antagonist/IL-18 ratio that 
will favor IL-1 biologic activity and therefore the onset 
of parturition. 


~ 


The third finding in our study is that the IL-1 re- 
ceptor antagonist inhibits IL-1—induced PGE, produc- 


‘tion. by amnion and chorion cells in primary culture. 


This biologic effect occurred at IL-1 receptor antago- 
nist/ IL-18 ratio of 100:1 to 1000: 1. This is consistent 
with previous observations on the effect of IL-1 recep- 
tor antagonist on JL-1—incuced prostaglandin pro- 
duction by fibroblast and synovial cells.'* '* Moreover, 
these observations provide irdirect evidence of the ex- 
istence of IL-1 receptors in amnion and chorion. 

A major observation of our study is that the IL-1 
receptor antagonist/IL-1] ratio in women with preterm 
labor and intraamniotic infection is 2.7: 1. Clearly, this 
ratio is insufficient to prevent IL-l—induced prosta- 
glandin stimulation by intrauterine tissues in vitro and 
is also insufficient to prevent IL-1-—induced preterm 
parturition in mice (blocked by a ratio of 100: 1 but not 
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Fig. 7. Representative experiment cf effect of IL-1B and IL-1] receptor antagonist (IL-1ra) on release 
of PGE, into media by human amnion cells (A) and chorion cells (B) in primary culture. Preincubation 
with IL-I receptor antagonist was associated with a significant reduction in JL-1—induced stimulation 


of PGE, release into the media (p < 0.01). 


by 10:1). Therefore our data suggest that a change 
in tkis. ratio plays a role in parturition in the setting of 


infection. | e 
What are the clinical implications of our current ob- - 


servations? Microbial invasion of the amniotic cavity 


occurs in 21% of. patients with preterm labor and intact ` 


membranes. These patients generally present at an ear- 
lier gestational age and are refractory to tocolysis and 
their neonates have a high rate of perinatal morbidity 
and mortality. Thus patients with microbial invasion of 
the amniotic cavity represent a particularly important 
and difficult therapeutic challenge. Whereas antibiotic 
administration can control intrauterine infection in pa- 
tients without demonstrable cytokines in amniotic fluid, 
antibiotics are ineffective in patients with detectable IL- 
18 and tumor necrosis factor in amniotic fuid in whom 
delivery-is imminent. The results. of our studies support 


a role for the use of anticytokine agents in the treatment 
of preterm labor in the setting of infection. The goal 
of adjunctive administration of anticytokine agents 
would be to block cytokine-induced prostaglandin pro- 
duction and thus uterine contractility. This approach 
will be aimed at gaining the time required for antibiotic 
administration to achieve control of the infectious fo- 
cus. A similar therapeutic scheme has been successfully 
used in the treatment of septic shock, which, like pre- 
term labor in the setting of infection, is another cyto- 
‘kine-mediated process. An additional benefit of the ad- 
ministration of IL-1 receptor antagonist would be to 


. block IL-1~induced bacterial growth.” 


Preterm labor with mi¢robial invasion of the amniotic 
cavity is associated with elevations in amniotic fluid con- 
centrations of IL-la, IL-1, tumor necrosis factor, in- 
terleukin-6, interleukin-8, and granulocyte-macro- 
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phage colony-stimulating factor. Further studies are re- 
quired to determine if blockaze of the IL-1 receptor 
alone is sufficient to modify the pathophysiology of this 
condition. IL-1 receptor antagonist can block the svn- 
thesis of IL-l—induced IL-l, tumor necrosis factor, 
interleukin-6, and granulocyte-macrophage colony- 
stimulating factor; therefore it is possible that the IL- 
I receptor antagonist may have therapeutic value by 
itself. Recent data demonstrating a beneficial effect of 
treatment with the IL-1 receptor antagonist in septic 
shock, another condition assoc.ated with generalized 
activation of the cytokine network, justify optimism 
about the potential therapeutic value of this compound 
in the treatment of preterm lator associated with in- 
fection. Compounds that can block the production of 
several cytokines and their potential value in this setting 
will require further study. 
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Neonatal periventricular-intraventricular hemorrhage after 
maternal B-sympathomimetic tocolysis 


Lynn J. Groome, PhD, MD, Robert L. Goldenberg, MD, Suzanne P. Cliver, BA, 


Richard O. Davis, MD, Rachel L. Copper, RN, and 
the March of Dimes Multicenter Study Group 


Birmingham, Alabama 


OBJECTIVE: Our objective was 10 determine if the rate of periventricular-intraventricular hemorrhage is 
increased in the offspring of women who received a B-sympathomimetic agent as part of the management 


of preterm labor. 


STUDY DESIGN: This retrospective study consists of 2827 women who were delivered of a singleton, live 
infant free of congenital neurologic anomalies between 25 and 36 completed weeks of gestation during a 
multicenter preterm birth prevention trial. The data were analyzed, adjusting for type of tocolytic agent, 
race, infant sex, gestational age, birth weight, health care center, route of delivery, indication for delivery, 
intrapartum feta! distress, respiratory distress syndrome, and neonatal sepsis. l 
RESULTS: The overal. incidence of periventricular-intraventricular hemorrhage in this population was 
5.6%. In a univariate analysis in which no adjustment was made for potentially confounding variables, 
8-sympathomimetic tocolysis was found to be associated with nearly a fourfold increase in the incidence of 
periventricular-intraver tricular hemorrhage when compared with the use of either magnesium sulfate or no 
tocolytic agent. The results of a multivariate regression analysis revealed that B-sympathomimetic agents 
were associated with a statistically significant increase in the overall incidence of 
periventricular-intraventricular hemorrhage (odds ratio 2.47, 95% confidence interval 1.34 to 4.56, 

p = 0.004) and a similar, but not significant, increase in the incidence of grades 3 and 4 | 
periventricular-intraventricular hemorrhage (odds ratio 2.50, 95% confidence interval 0.96 to 6.48, 


p = 0.6). : 


CONCLUSION: 6-Sympathomimetic tocolytic therapy may be associated with a more than twofold 
increas in the incidence of neonatal periventricular-intraventricular hemorrhage. (Am J OBSTET GYNECOL 


1992:167:873-9.) 


Key words: Neonatal intraventricular hemorrhage, 6-sympathomimetic tocolytics, preterm 


Although 8-sympathomimetic agents are commonly 
used in an attempt to delay preterm delivery, it appears 
that the use of these drugs has not reduced the neonatal 
morbidity or mortality associated with premature 
' birth.' Periventricular-intraventricular hemorrhage is 
a recognized complication of. preterm birth and may 
be partly responsible for the lack of improvement in 
neonatal outcome after B-sympathomimetic tocolysis. 
Factcrs associated with fluctuations in systemic blood 
pressure or cerebral blood flow in the germinal matrix 
have been implicated in the pathogenesis of periven- 
tricular-intraventricular hemorrhage.” ° B-Sympatho- 
mimetic tocolytics are known to cross the placenta,’ and 
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it is possible that the mechanical forces generated by 
an increase in fetal blood pressure or cerebral blood 
flow after the use of these drugs may place the infant 
at an increased risk for periventricular-intraventricular 
hemorrhage. l 

The purpose of this retrospective study was to de- 
termine the rate of periventricular-intraventricular 
hemorrhage in the offspring of women who received 
a B-sympathomimetic agent for preterm labor tocolysis 
and to compare this rate with that observed in infants 
whose mothers received no tocolytic agent, controlling 
for as many of the potentially confounding factors as 
possible. The study population consisted of 2827 in- 
fants wha were delivered between 25 and 36 completed 
weeks of gestation during the time of a multicenter 
March of Dimes—sponsored preterm birth—prevention 
trial. 


Methods 


The initial study population consisted of 32,982 
women who were delivered of singleton, live infants 
without major congenital central nervous system anom- 
alies during a multicenter preterm-birth prevention 
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Table I. Demographic characteristics 


Study group 


Gestational 20-45 25-36 
age (wk) 

_No. 32,982 2,827 

Ethnic group 
White 11,674 (35.4%) 938 (34.8%) 
Black 15,232 (46.2%) 1,564 (55.3%) 
Hispanic 5,439 (16.5%) 249 (8.8%) 
Other 611 (1.9%) . 26 (0.1%) 
Unknown 26 (—) 5 (—) 

Nulliparous 13,045 (39.6%) 1,105 (39.1%) 

Center 
A 12,938 (39.2%) 1,236 (43.7%) 
B 4,813 (14.6%) 470 (16.6%) 
C 6,871 (20.8%) 327 (11.6%) 
D 4,311 (13.1%) 445 (15.7% 
E 4,049 (12.3%) 349 (12.3%) 


Table II. Clinical characteristics of 
study population 


Characteristic No. (%) 

Sex 

Male 1384 (49.0) 

Female 1442 (51.0) 

Unknown i (—) 
Route of delivery ‘ 

Vaginal 2101 (74.3) 

Cesarean section 726 (25.7) 
Clinical outcome 

Fetal distress in labor 535 (19.1) 


RDS 623 (22.0) 


Mechanical ventilation 616 (21.8) 
Neonatal sepsis 151 (5.3) 
Intraventricular hemorrhage 157 (5.6) 
Intraventricular hemorrhage, 48 (1.7) 
grades 3 and 4 
Reason for preterm delivery 
Indicated 555 (19.6) 
Premature rupture of membranes 935 (33.1) 
Spontaneous 1337 (47.3) 


trial sponsored by the March of Dimes between No- 
vember 1982 and October 1986. Of these, 2827 infants 
were delivered between 25 and 36 completed weeks of 
gestation; they formed the major study group. The 
participating centers were the University of California 
at San Diego, Ohio State University, Vanderbilt Uni- 
versity, Northwestern University, and the University of 
Alabama at Birmingham. The data base, definitions, 
and data collection verification methods are described 
elsewhere.”” 

From the available data base it was possible to de- 
termine the class of tocolytic agent used (i.e., B-sym- 
pathomimetic, magnesium sulfate, a calcium channel 
blocker, or a prostaglandin synthetase inhibitor) and 
the timing of the use of this agent in relation to delivery. 
However, we could not identify the specific B-sympa- 
thomimetic agent used or the dosage of this drug. The 
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presence or absence of periventricular-intraventricular 
hemorrhage was assessed in terms of whether a toco- 
lytic agent was ever used, whether it was used during 
the admission for delivery, or whether it was used in 
the 24 hours immediately before delivery. It was also 
possible to determine if the delivery was medically in- 
dicated (for maternal or fetal reasons), the result of 
spontaneous preterm labor, or if it followed preterm 
premature rupture of the fetal membranes. Route of 
delivery was categorized as either vaginal or cesarean 
section. 

Both obstetric and neonatal criteria were used to es- 
timate gestational age. Neonatal gestational age was de- 
termined by a modified Dubowitz examination. All 
pregnancies complicated by preterm delivery, delivery 
of an infant weighing <2750 gm, or more than a 3- 
week discrepancy between the obstetric and neonatal 
estimates underwent further review for a final gesta- 
tional age assignment. 

During the initial data collection period periventric- 
ular-intraventricular hemorrhage was classified at each 
center as being either present or absent. At a later date 
the chart of each newborn identified as having peri- 
ventricular-intraventricular hemorrhage was again re- 
viewed and the degree was subsequently graded ac- 
cording to the criteria originally proposed by Papile et 
al. The diagnosis of periventricular-intraventricular 
hemorrhage required confirmation by ultrasonogra- 
phy or computerized tomography. The policy of the 
neonatal unit at each center required that infants 
weighing =1500 gm at birth, even if asymptomatic, be 
screened routinely. Indications for screening of infants 
weighing >1500 gm were determined by the staff neo- 
natologist at each center, but the presence of symptoms 


was generally necessary before. screening was insti- 


tuted.® 

The data were analyzed by x*, the Student ż test, and 
logistic regression. All calculations were performed 
with the SAS statistical program (Cary, N.C.). 


Results 


Demographic characteristics for the overall popula- 
tion and for the subset of patients forming the study 
group are presented in Table I. As shown, the study 
group consisted of a higher percentage of black patients 
(55.3% vs 46.2%) and a lower percentage of Hispanic 
patients (8.8% vs 16.5%) as compared with the overall 
population from which it was drawn. 

Because we were primarily concerned with the out- 
come of the 2827 patients who delivered between 25 
and 36 completed weeks of gestation, the clinical char- 
acteristics of this group is summarized in Table II. As 
shown, 157 (5.6%) of the infants had a diagnosis of 
periventricular-intraventricular hemorrhage; of these, 
48 (30.5%) had grade 3 or 4 bleeding. Of the 2827 
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Table III. Relationship between type of tocolytic agent and periventricular-intraventricular hemorrhage 
according to cause of preterm delivery 





Spontaneous, no 
tocolytic 









Spontaneous, Spontaneous, Indicated no 
B-sympathomimetic | magnesium sulfate tocolytic 






Other 





No. (%) 1650 (58.4) 173 (6.1) 155 (5.5) 462 (16.3) 387 (13.7) 

Intraventricular hemorrhage 4.2 16.2* 3.9 -6.9% Oat 
(%) 

Intraventricular hemorrhage, 1.2 5.8% 1.9 1.7 1.8 
grades 3 and 4 (%) 

Mean birth weight (gm) 2289 + 648 1878 + 664* 2028 + 554* 1943 + 667* 192] + 585* 
(+$D: 

Mean gestational age (wk) 34.1 + 2.6 31.9 + 3.4* 32.8 + 2.6% 33.6 + 2.5* 32.5 + 2.8* 
(+SD‘ 





*Difference significant at p < 0.005 when compared with spontaneous, no tocolytic group. 


patients 323 (22%) were diagnosed as having respira- 
tory distress syndrome (RDS) in the newborn period; 
616 infants required mechanical ventilation, including 
446 of those with a diagnosis of RDS. Neonatal sepsis 
was diagnosed in 151 (5.3%}, and 535 (19.1%) expe- 
rienced fetal distress during labor. Of the 157 cases of 
- periventricular-intraventricular hemorrhage in this 
study, 30 (19%) were associated with B-mimetic use, 113 
(72%) were associated with RDS, and 38 (24%) were 
associated with neonatal sepsis. The majority (74.3%) 
of patients delivered vaginally. Furthermore, almost 
one half (47.3%) of the patients delivered after spon- 
taneous labor, one fifth (19.6%) were delivered for ma- 
ternal or fetal reasons, and one third (33.1%) of the 
pregnancies were complicated by preterm premature 
rupture of membranes. 

We recognized that there were many confounding 
variables that could alter the interpretation of this data, 
and we therefore approached the analysis in a stepwise 
fashion. First, because most women who received a to- 
colytic agent but nevertheless delivered preterm had 
been treated in the 24 hours before delivery, we found 
that the results of our analysis were independent of the 
tempora. criteria used to evaluate the data. Therefore 
we chose to analyze the data on the basis of any tocolytic 
use during the admission that resulted in delivery. We 
then considered the possibility that a difference in the 
rate of periventricular-intraventricular hemorrhage 
between the various tocolytic agents may reflect a dif- 
ference in the indication for delivery or the route of 
delivery. To answer this question, the study patients 
were divided into two groups depending on whether 
delivery was indicated for maternal or fetal reasons or 
whether delivery occurred after spontaneous labor or 
preterm premature rupture of membranes. Patients 
who delivered after spontaneous labor or preterm pre- 
mature rupture of membranes were further subdivided 
into three groups on the basis of tocolytic therapy: (1) 
no tocolytic agent, (2) a B-sympathomimetic agent only, 
and (3) magnesium sulfate only. Women who received 
either more than one class of tocolytic agent or a to- 


colytic agent other than a B-sympathomimetic or mag- 
nesium sulfate or who were of unknown tocolytic status 
were Classified as “Other.” A comparison of the rate of . 
periventricular-intraventricular hemorrhage between 
the various groups is shown in Table III. In the group 
with spontaneous labor or preterm premature rupture 
of membranes there was nearly a fourfold increase in 
the incidence of periventricular-intraventricular hem- 
orrhage in the offspring of mothers who received a B- 
sympathomimetic agent, as compared with the inci- 
dence in those neonates whose mothers received no 
tocolytic therapy (p < 0.001). However, women who 
received a B-sympathomimetic agent tended to deliver 
smaller babies at an earlier gestational age as compared 
with women who received no tocolytic agent. 

Because there were significant differences in birth 
weight and gestational age between the group receiving 
a B-sympathomimetic agent and the group receiving 
no tocolytic agent, we further analyzed these two 
groups to determine if the relationship between B-sym- 
pathomimetic tocolysis and periventricular-intraven- 
tricular hemorrhage still existed after controlling for 
gestational age. To answer this question, we divided 
these. patients into four groups on the basis of gesta- 
tional age at the time of delivery. As summarized in 
Table IV, there was a consistently higher incidence of 
periventricular-intraventricular hemorrhage after B- 
sympathomimetic therapy for all gestational age groups 
examined and a substantially higher incidence of 
grades 3 and 4 in two of the four gestational age groups. 
These differences were present in spite of the fact that 
there were virtually no differences in mean birth weight 
or mean gestational age among groups. 

To be as certain as possible that the increase in the 
incidence of neonatal periventricular-intraventricular 
hemorrhage after B-sympathomimetic tocolytic ther- 
apy could not be explained by other confounding vari- 
ables, we performed a logistic regression analysis with 
all 2827 patients, adjusting for tocolytic group, race, 
infant sex, gestational age, birth weight, intrapartum 
fetal distress, health care center, route of delivery, RDS, 
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Table IV. Incidence of periventricular-intraventricular hemorrhage in AORN to gestational age and 
B-sympathomimetic use 


Mean birth weight (gm) Mean gestational age (wk) 








Gestational No No No 

age (wk) | B-Sympathomimetic | B-Sympathomimetic | B-Sympathomimetic B-Sympathomimetic B-Sympathomemetic 
25-26 781 822 25.5. 
27-29 1152 1168 28.0 
30-32 1623 1628 31.2 
33-36 2506 2355* 35.2 

*h < 0.05. 


Table V. Results of logistic regression analysis for all grades of 


periventricular-intraventricular hemorrhage” 


Tocolytic group 


B-Sympathomimetict 2,47 
Magnesium sulfatet 0.37 
Indicated no tocolytict 0.91 
Other? : 0.90 
Fetal distress 1.50 
Neonatal sepsis 3.47 
RDS 2.40 


95% Confidence 


interval ! p Value 
1.34 - 4.56 0.004 
0.32 - 2.39 0.79 
0.47 - 1.76 0.78 
0.50 - 1.64 0.75 
0.94 - 2.37 0.08 
2.07 - 5.85 0.0001 
1.46 - 3.95 0.0006 


*This analysis is for the 2827 study patients and was adjusted for gestational age, birth weight, health care center, race, sex, 


and route of delivery. 


tRelative to patients who were delivered after spontaneous labor or preterm rupture of membranes and who received no 


ROEE agent. 


and, neonatal sepsis. The results of this analysis are 
summarized in Table V. Of the variables considered, 
birth weight, neonatal sepsis, RDS, and the use of a B- 
sympathomimetic agent were all significantly associated 
with an increase in the incidence of periventricular- 
intraventricular hemorrhage. In addition, delivery at 
one of the centers was associated with a significant in- 
crease in the diagnosis of periventricular-intraventric- 
ular hemorrhage. Nevertheless, even after adjusting 
for all of these factors, the use of a 8-sympathomimetic 
tocolytic agent was associated with a more than twofold 
increase in the risk of neonatal periventricular-intra- 
ventricular hemorrhage when compared with the risk 
in infants whose mothers delivered after spontaneous 
labor or preterm premature rupture of membranes 
and who did not receive any tocolytics. Maternal race, 
infant sex, the use of magnesium sulfate, belonging to 
the indicated preterm delivery group, and the route of 
delivery were not associated with an increase in the 
incidence of periventricular-intraventricular hemor- 
rhage. — | 

Finally, to confirm that these results were similar if 
only more severe cases of periventricular-intraventric- 
ular hemorrhage were considered, the relationship be- 
tween tocolytic use and the occurrence of a grade 3 or 
4 periventricular-intraventricular hemorrhage was ex- 


amined (Table VI). Of the 2827 infants in the study 


population, 48 (1.7%) had a grade 3 or 4 periventric- 


ular-intraventricular hemorrhage. With a logistic 
regression analysis similar to that described above, we 
found that the use of a B-sympathomimetic agent was 
associated with more than a twofold increase in the 
incidence of grade 3 or 4’ periventricular-intraventric- 
ular hemorrhage as compared with the incidence in the 
group that did not receive a tocolytic agent (odds ratio 
2.50, 95% confidence interval 0.96 to 6.48, p = 0.06). 


Comment 


Previous studies have reported either no increase*"! 
or moderate’? to large increases” in the incidence of 
periventricular-intraventricular hemorrhage in the off- 
spring of mothers undergoing B-sympathomimetic to- 
colytic therapy. Neither Levéne et al.’ van de Bor et 
al.,'° or Laros et al." found a significant association 
between the use of a B-sympathomimetic tocolytic agent 
and the occurrence of neonatal periventricular-intra- 
ventricular hemorrhage. Dolfin et al. evaluated 95 in- 
fants who weighed =1500 gm or who were delivered 
before 32 weeks of gestation and found that 16 of 37 
(43%) infants whose mothers were treated with tsox- 
suprine developed  periventricular-intraventricular 
hemorrhage as compared with 16 of 58 (28%) infants 
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Mean gestational age (wk) Intraventricular hemorrhage (%) Intraventricular hemorrhage grades 3 and 4 (%) 
No No 
B-Syn-pathomimetic 8-Sympathomimetic B-Sympathomimetic B-Sympathomametic B-Sympathomimetic 





25.5 28.9 20.0 33.3 
28.0 26.7 9.3 7.7 
32 10.8 1.1 6.1* 
34.4* 1.0 4.2* 0.1 0.0 
Table VI. Results of logistic regression analysis for all patients and for grades 3 and 4 
periventricular-intraventricular hemorrhage* 
95% Confidence 
Factor Odds ratio interval p Value 
Tocolytic group 
B-Sympathomimetict 2.50 0.96 - 6.48 0.06 
Magnesium sulfatet 0.91 0.21 - 3.88 0.90 
Indicated no tocolytict 0.72 0.21 - 2.39 0.52 
Other? 0.72 0.27 - 1.95 0.52 
etal distress 1.69 0.79 - 3.64 0.18 
Neonatal sepsis 3.12 1.45 - 6.74 0.004 
RDS 2.03 0.82 - 5.02 0.13 


*This analysis is for the 2827 study patients and was adjusted for gestational age, birth weight, health care center, race, sex, 


and route of delivery. 


Relative to patients who were delivered after spontaneous labor or premature rupture of membranes and who received no 


tocolytic agent. 


whose mothers did not receive this medication. Simi- 
larly, in a retrospective chart review of 140 mother- 
infant pairs, Pranikoff et al.” found that 37.5% of neo- 
nates whose mothers received a ®B-sympathomimetic 
agent were diagnosed as having periventricular-intra- 
ventricular hemorrhage compared with 12.1% of neo- 
nates whose mothers did not undergo this therapy. 

In analyzing this data, we tried to adjust for as many 
of the factors that have been implicated in the patho- 
genesis of periventricular-intraventricular hemorrhage 
as was possible. We intentionally limited our analysis to 
preterm singleton, live infants without major congenital 
central nervous system anomalies. Infants born after 
an indicated preterm delivery were analyzed separately 
because their risk for periventricular-intraventricular 
hemorrnrage may be different from that of infants born 
to mothers who received a tocolytic agent after spon- 
taneous labor or preterm premature rupture of mem- 
branes. Of the variables included in the analysis, ges- 
tational age, RDS, neonatal sepsis, and birth at one of 
the health care centers were associated with an increase 
in the risk of periventricular-intraventricular hemor- 
rhage. However, even after controlling for these and 
other potentially confounding variables, there was still 
a significant relationship between the use of a B-sym- 
pathomimetic tocolvtic agent and an increase in the 
incidence of neonatal periventricular-intraventricular 


hemorrhage. The absence of an association between 
periventricular-intraventricular hemorrhage and ei- 
ther the route of delivery or fetal distress are consistent 
with the results of previous studies examining these 
relationships.'*'© Neonatal factors that we identified as 
contributing significantly to increasing the risk of peri- 
ventricular-intraventricular hemorrhage, such as pre- 
maturity, RDS, and neonatal sepsis, have also been ob- 
served by others.® 1+ 17 

8-Sympathomimetic tocolytics may exert a number 
of effects on the fetal cardiovascular system, which may 
predispose the premature infant to periventricular-in- 
traventricular hemorrhage. Vetter et al. observed sig- 
nificant increases in the fetal aortic blood flow, consis- 
tent with an increase in fetal cardiac output, after ini- 
tiation of maternal B-sympathomimetic tocolysis. This 
increase may be limited to the left ventricle,” suggesting 
a redistribution of cardiac output to the upper body, 
and may also be associated with a higher left ventricular 
blood pressure during systole.” Normally, significant 
changes in tne cerebral blood flow due to fluctuations 
in the mean arterial blood pressure are prevented by 
cerebrovascular autoregulation. However, although au- 
toregulation has been demonstrated in both the 
preterm”! and term” fetal lamb, the blood pressure 
range over which it occurs is narrowed considerably 
early in gestation, suggesting that, even under normal 
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physiologic conditions, the immature fetal brain is not 
protected against acute fluctuations in blood pressure.” 
Furthermore, although autoregulation of blood flow to 
the. highly susceptible germinal matrix appears to be 
intact, at least in the beagle pup, the mean arterial blood 
pressure is usually only slightly below the upper au- 
toregulatory plateau.” Although blood flow to this re- 
gion is low under basal conditions, it is disproportion- 
ately increased in the presence of systemic hyperten- 
sion.” Finally, a recent study” involving preterm 
infants similarly reported a very narrow pressure range 
over which cerebral blood flow remains relatively con- 
stant, implying that even small, transient increases in 
the mean arterial blood pressure may lead to significant 
increases in the perfusion pressure to various regions 
within the immature brain. Hence, an increase in the 
mean arterial blood pressure and a redistribution of 
the fetal cardiac output in favor of the upper body, in 
combination with a poorly developed autoregulatéry 
control mechanism, may place the premature infant at 
an increased risk for periventricular-intraventricular 
hemorrhage after initiation of B-sympathomimetic to- 
colysis. 

Regardless of the underlying mechanism, the results 
of this study suggest that a relationship exists between 
the use of a B-mimetic agent for preterm labor tocolysis 
and the occurrence of neonatal periventricular-intra- 
ventricular hemorrhage. However, because our find- 
ings are based on a retrospective analysis of a data set 
that was not originally created to examine this partic- 
ular question, we urge that these results be interpreted 
with caution. Nevertheless, the large number of pa- 
tients included in the analysis, the ability to-control for 
many of the confounding factors, the absence of an 
association between  periventricular-intraventricular 
hemorrhage and magnesium sulfate, the consistency of 
the relationship between B-tocolysis and periventricu- 
lar-intraventricular hemorrhage over a wide range of 
gestational ages, and the similarity of the results when 
only grades 3 and 4 were considered all suggest that 
this relationship may be more than coincidental. In view 
of the persisting doubt concerning the efficacy of to- 
colytic agents to significantly delay spontaneous pre- 
term birth and the ‘suggestion that the use of a B-sym- 
pathomimetic agent may increase the risk of periven- 
tricular-intraventricular hemorrhage, it would seem 
appropriate to further address this issue within a care- 


fully designed prospective study, focusing not only on: - 


gestational age at delivery but the condition of the fetus 
as well, with sufficient power to adequately evaluate 
-relatively rare adverse outcomes. 
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A randomized prospective comparison of nifedipine and bed 


rest versus bed rest alone in the management of preeclampsia 


remote from term 


Baha M. Sibai, MD, John R. Barton, MD, Sherif Akl, MD, Cem Sarinoglu, MD, and 


Brian M. Mercer, MD 
Memphis, Tennessee 


OBJECTIVE: The objective of our study was to test the hypothesis that treatment with nifedipine for mild 
preeclampsia remote from term reduces the number of days of maternal hospitalization and improves 


pregnancy outcome. 


STUDY DESIGN: A total of 200 patients at 26 to 36 weeks' gestation were randomly allocated to 
treatment with either bed rest alone (n = 100) or bed rest in combination with nifedipine (n = 100). 
RESULTS: Patients receiving ni*edipine had significantly lower systolic (p < 0.0001) and diastolic 

{p < 0.0001) blood pressures during therapy. Severe hypertension as an indication for delivery was 
significantly (p < 0.05) more frequent in the bed-rest-alone group. The two study groups had similar 
average days of maternal hospitalization (12.6 + 7.9 vs 12.3 + 10.3) and pregnancy prolongation 

(22.3 + 13.5 vs 22.5 + 15.7). There were no differences between groups with respect to birth weight, 
incidences of smaill-for-gestational-age infants and preterm birth, number of days spent in special care unit, 


or cord b ood gas measurement. 


CONCLUSION: Nifedipine therapy for preeclampsia reduces maternal blood pressure but does not reduce 
number cf days of maternal hospitalization or improve perinatal outcome. (Am J OBSTET GYNECOL 


1992:167:879-84.) 


Key words: Mild preeclampsia, nifedipine, bed rest, pregnancy outcome 


The optimal management of patients with mild pre- 
eclampsia remote from term (<36 weeks’ gestation) 1s 
controversial. Indeed, there 1s disagreement regarding 
the need for hospitalization versus ambulatory man- 
agement with bed rest at home and the potential ben- 
efits of using antihypertensive drugs.’ Some authors*® 

have suggested that management in these cases should 
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involve bed rest in the hospital for the duration of 
pregnancy. These authors reported that early and pro- 
longed hospitalization for such patients improved peri- 
natal outcome, reduced maternal morbidity, and was 
cost-effective.” * In addition, one study found that treat- 
ment of blood pressure with labetalol in patients with 
mild preeclampsia was associated with a high fre- 
quency of fetal growth retardation.’ In contrast, other 
authors" ° believe that management can be safely car- 
ried out for some of these patients on an ambulatory 
basis with bed rest at home, while others recommend 
that patients with mild preeclampsia should be treated 
with antihypertensive drugs.®” These latter authors re- 
ported that this management reduced the number of 


879 


880 Sibai et al. 


Table I. Clinical findings at randomization 
(mean + SD) 





No therapy* 
(n = 100) 








Nifedipine" 
(n = 100) 





Maternal age 20.5 + 4.2 


(yr) 

Gestational age 
(wk) 

Systolic blood 
pressure 
(mm Hg) 

Diastolic blood 
pressure 
(mm Hg) 


32.0 e a 


143.8 + 5.6 


93.9 + 4.1 


*No significant difference for any categories studied. 


days of antepartum maternal hospitalization and im- 
proved perinatal outcome. 

Nifedipine, a calcium channel blocker, is a potent oral 
antihypertensive agent. Several investigators®*’’ have 
used nifedipine as a second-line antihypertensive drug 
in the management of cases of severe preeclampsia. In 
addition, some authors have found nifedipine tc be 
superior to hydralazine for control of severe maternal 
hypertension during pregnancy or post partum,'*" 
Control of maternal blood pressure with nifedipine was 
reportedly associated with improved maternal and 
perinatal outcome. The use of this drug led to signif- 
icant prolongation of pregnarcy, lower incidence of 
fetal distress, improved maternal platelet count, and 
improved renal output." Stud:es have also shown that 
in women with mild preeclamosia the administration 
of nifedipine lowers maternal blood pressure without 
. affecting the resistance indexes in fetal or uteroplacen- 
tal vessels.'*’” In spite of these favorable results there 
are no prospective randomized studies comparing ni- 
fedipine to no therapy in the management of patients 
with mild preeclampsia before 37 weeks’ gestation. 

The aim of the prospective study was to test the hy- 
pothesis that treatment of maternal blood pressure with 
nifedipine in patients with mild preeclampsia remote 
from term reduces antepartum. maternal hospital stay, 
prolongs gestation, and improves perinatal outcome. 


Material and methods 

The study population included 200 primigravid 
women with mild preeclampsiz at 26 to 36 weeks’ ges- 
tation. All had persistent elevations of blood pressure 
(systolic between 149 and 160 mm Hg and/or diastolic 
between 90 and 110 mm Hg) 24 hours after hospital- 
ization. All had proteinuria (>300 mg per 24 hours) 
and/or elevated uric acid levels (=6 mg/dl) at the time 
of entry to the study. Patients with associated medical 
and obstetric complications (other than preeclampsia) 
were excluded. In addition, patients with fetal com- 
promise (suspected abnormal [etal growth by ultraso- 


October 1992 
Am J Obstet Gynecol 


Table II. Laboratory findings at 
randomization (mean + SD) 


No therapy* 


Nifedipine* 


(n = 100) (n = 100) 





Platelets (x 10°/mm*) 254 + 53 248 + 72 

Creatinine (mg/dl) 0.81 + 0.16 0.80 + 0.19 

Uric acid (mg/db 6.1 + 0.9 6.1 ll 

Creatinine clearance 109 + 29 114 + 34 
(ml/min) 

Proteinuria 639 + 636 683 + 795 
(mg/24 hr) 


*No significant difference for any categories studied. 


nography and/or abnormal fetal testing) were ex- 
cluded. After signing the consent form (previously ap- 
proved by the investigation review board of this 
institution) patients were allocated randomly to one of 
two groups, on the basis of a computer-generated list 
of random numbers. The physician was asked to draw 
a sealed envelope containing the method of assignment 
for each patient. Patients in one group were managed 
with bed rest alone, whereas the other group received 
nifedipine, starting at 40 mg/day, that was then in- 
creased every 2 to 3 days as needed to a maximum of 
120 mg/day, to keep systolic pressure below 140 mm 
Hg and diastolic pressure below 90 mm Hg. 

Laboratory evaluation included serial determinations 
of hematocrit, platelet count, liver function tests, uric 
acid, creatinine clearance, and 24-hour urinary protein 
excretion. Fetal evaluation included serial ultrasonog- 
raphy for fetal growth, nonstress test, and/or biophys- 
ical profile at least twice a week and cord blood gas 
measurements. 

During the initial hospitalization, clinical manage- 
ment included measurement of blood pressure four 
times daily, urine by dipstick twice daily, and maternal 
weight every other day. Patients were given a regular 
hespital diet, and no other medications were used ex- 
cept for prenatal vitamins and iron supplements. In 
addition, patients were instructed to report the devel- 
opment of persistent headaches, visual disturbances, 
epigastric and/or right upper-quadrant pain, uterine 
contractions, or vaginal bleeding. 

All blood pressure recordings were performed by 
two experienced nurses who were assigned to the an- 
tepartum ward where the patients were hospitalized. 
Blood pressures were recorded with the patient in a 
semirecumbent position with the cuff positioned at 
heart level. The results of all blood pressure measure- 
ments were pooled, and an average was calculated for 
each patient. 

Reliable patients with stable maternal and fetal con- 
ditions who did not have proteinuria (protein <300 mg 
per 24 hours) and had average blood pressures persis- 
tently <140 mm Hg systolic and <90 mm Hg diastolic 
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then managed on an ambulatory basis. These patients 
were instructed to have relative bed rest at home, and 
then they were evaluated in the antepartum testing area 
for maternal and fetal well-being at least twice a week. 
During ambulatory management the patient was hos- 
pitalized again if there was any evidence of disease pro- 
gression and/or if acute hypertension or significant 
proteinuria developed. All clinical decisions regarding 
management and timing of delivery were left to the 
attending faculty and house staff. No efforts were made 
to arrest spontaneous onset of labor before the thirty- 
seventh week. 

Analysis of data included comparisons of maternal 

blood pressure, laboratory findings, days of antepar- 
tum maternal hospitalization, days gained during man- 
agement, and perinatal outcome. Perinatal outcome in- 
cluded gestational age at delivery, birth weight, placen- 
tal weight, cord blood gas measurements, incidence of 
preterm birth, and incidence of small-for-gestational- 
age (SGA) infants. Gestational age was determined on 
the basis of obstetric criteria including early examina- 
tions and ultrasonography before 24 weeks’ gestation. 
The diagnosis of SGA was made if the birth weight was 
below the 10th percentile according to the growth 
curves of Brenner et al.” 
. Results were expressed as mean + SD. Statistical 
analysis used Student’s ¢ test, xê, and Fisher’s exact test 
when applicable. Serial changes in blood pressures and 
laboratcry values between the groups and within each 
treatment group were examined by analysis of variance 
for repeated measurements. A value of p < 0.05 was 
considered significant. 


Results 


The study groups were very similar at the time of 
randomization with respect to various clinical findings 
(Table I) and laboratory findings (Table II). Eighty-five 
patients (85%) in the no-therapy group had proteinuria 
>300 mg per 24 hours (range 304 to 3600 mg), and 
the remaining 15 patients had proteinuria of <300 mg 
per 24 hours (range 96 to 299 mg). On the other hand, 
eighty-three patients (83%) in the nifedipine group had 
proteinuria >300 mg per 24 hours (range 302 to 3700 
mg), and the remaining 17 patients had proteinuria of 
<300 mg per 24 hours (range 64 to 287 mg). All pa- 
tients who had proteinuria <300 mg per 24 hours at 
the time of randomization had proteinuria of at least 
2+ on dipstick on two occasions 6 hours apart. 

Three patients were lost to follow-up after random- 
ization (one in the no-therapy group and two in the 
nifedipine group) and therefore were not included in 
the follow-up analyses. Two patients in the no-therapy 
group and three in the nifedipine group were noncom- 
pliant with the study protocol. Nonetheless, all were 
includec in the blood pressure analyses up to the time 
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Fig. 1. Blood pressure (mean + SD) in patients with no ther- 
apy (white bars) or treated with nifedipine (black bars). Asterisk, 
p < 0.0001 for systolic and diastolic blood pressures. In ad- 
dition, within nifedipine group p <'0.0001 for systolic and 
diastolic pressures by analysis of variance for repeated mea- 
surements. 


they became noncompliant, and all were included in 
the outcome data. Thus a total of 99 women in the no- 
therapy group and 98 in the nifedipine group were 
included in the final analyses. 

Fig. 1 compares the systolic and diastolic blood pres- 
sures at time of entry and during treatment between 
the two groups. There were no differences in blood 
pressure at entry. However, during treatment, the ni- 
fedipine group had significantly lower average systolic 
blood pressure (<p < 0.0001), and diastolic blood pres- 
sure (p < 0.0001). In addition, the nifedipine group 
demonstrated a significant drop in blood pressure dur- 
ing treatment (p < 0.0001), whereas the no-therapy 
group exhibited no change. 

Table IHH compares the mean laboratory tests at de- 
livery between the two groups. There were no signifi- 
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Table III. Indications for delivery 


No therapy Nifedipine 
(n = 99) (n = 98) 
Term gestation 540 50 
Severe hypertension 18" gs 
Preterm labor or rup- 13 12 
ture of membranes 
Suspected SGA 4 8 
Abnormal FHR testing 5 8 
Low platelets or 3 5 
HELLP syndrome 
Other 2 5 


FHR, Fetal heart rate; HELLP, hemolysis, elevated liver 
enzymes, and low platelets. 


*h < 0,05. 


Table IV. Laboratory findings at delivery 


(mean + SD) 

No therapy* Nifedipine” 
Platelets (x 10°/mm*) 250 + 66 232 + 82 
Creatinine (mg/dl) 0.86 + 0.16 0.87 + 0.21 
Uric acid (mg/dl) 6.2 k13 6.3 + 1.5 
Creatinine clearance 104 + 28 110 + 39 

(ml/min) 

Proteinuria >5 gm/24 hr 10 16 


*No significant difference for any categories studied. 


cant differences between the two groups with respect 
to either platelet count or renal function tests. During 
treatment, 10 patients (10%) in the no-therapy group 
demonstrated nephrotic range proteinuria (>5 gm per 
24 hours) as compared with 16 (16%) in the nifedipine 
group having such a finding. This difference was not 
Statistically significant. 

Table IV compares the indications for delivery in the 
two groups. Severe hypertension as an indication was 
significantly more frequent (p < 0.05) in the no-ther- 
apy group. On the other hand, fetal compromise (sus- 
pected SGA and/or abnormal testing) as an indication 
was more frequent in the nifedipine group (16% vs 9%, 
p < 0.09, odds ratio 2:1). Interestingly, 12 patients 
(12%) in the nifedipine group were delivered preterm 
(<37 weeks’ gestation) after the onset of spontaneous 
labor and/or rupture of membranes while receiving 
nifedipine at 100 to 120 mg per day. Two patients in 
the no-therapy group were delivered because of cere- 
bral manifestations (headaches, visual symptoms), 
whereas three patients in the nifedipine group were 
delivered because of severe ascites and two because of 
severe epigastric pain. 

Table V compares the pregnancy outcomes in the 
two groups. Thirty-eight patients in the no-therapy 
group received ambulatory management after the ini- 
tial hospitalization, whereas 45 patients in the nifedi- 
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Table V. Pregnancy outcome 


No therapy* Nifedipine* 


Antepartum hospitalization 12.6 + 7.9 ` 12.3 + 10.3 
(days) 

Pregnancy prolongation 
(days) 

Cesarean section (No. 
and %) 

Abruptio placentae (No. 
and %) 

HELLP syndrome (No. 
and %) 


22.3 = 13.5 2295 + 15.7 


35 (35%) 42 (43%) 


2 (2%) 3 (3%) 


2 (2%) 4 (4%) 


HELLP, Hemolysis, elevated liver enzymes, and low 
platelets. 
*No significant difference for any categories studied. 


pine group received such management. The number 
of days of antepartum maternal hospitalization ranged 
from 3 to 48 in the no-therapy group, and it ranged 
from 3 to 63 in the nifedipine group. However, the 
average number of days was similar between the two 
groups. In addition, there were no differences between 
the groups with respect to pregnancy prolongation, in- 
cidence of cesarean section, or incidence of abruptio 
placentae. Pregnancy outcome was subsequently ana- 
lyzed after exclusion of patients in both groups who 
had proteinuria of <300 mg per 24 hours at the time 
of randomization. The mean number of days of an- 
tepartum hospitalization and the number of days of 
pregnancy prolongation were similar in both groups. 

There were 101 births (two twins) in the no-therapy 
group and 99 births (one set of twins) in the nifedipine 
group. No fetal or neonatal deaths occurred in either 
group. There were no differences between the groups 
in average placental weight (605 + 176 gm for no ther- 
apy vs 588 + 183 gm for nifedipine). Table VI sum- 
marizes the neonatal outcome in the two study groups. 
There were no differences with respect to gestational 
age at delivery, birth weight, or number of days spent 
in the special care nursery. In addition, the two groups 
had similar frequencies of preterm infants and infants 
considered to be SGA. | 

Table VII compares the neonatal cord blood values 
in the two groups. There were no differences with re- 
spect to any of the measurements studied. In addition, 
the two groups had similar frequencies of cord pH 
values <7.20. 


Comment 


This study is the largest and first prospective, ran- 
domized trial comparing no therapy to the use of ni- 
fedipine in the management of mild preeclampsia re- 
mote from term. All patients studied were voung and 
primigravid with documented evidence of “pure” pre- 
eclampsia (persistent hypertension on bed rest with 
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substantial proteinuria). In addition, no other antihy- 
pertensive medications were used in either study 
group. In contrast, almost all previous studies describ- 
ing the use of nifedipine to treat hypertension in preg- 
nancy have included patients with various parities and 
various Torms of hypertension (with and without pro- 
teinuria).*"© In addition, nifedipine was used in asso- 
ciation with other antihypertensive drugs*" or it was 
compared with hydralazine.’*"' 

We found that nifedipine was effective in reducing 
maternal systolic and diastolic blood pressures in 
women with mild preeclampsia. However, this reduc- 
tion in maternal blocd pressure was not associated with 
a reduced number of antepartum hospital days in the 
nifedipine group. In addition, the use of nifedipine led 
to a lower incidence of delivery for severe hypertension 
(9%) as compared with the no-therapy group (18%). 
However, such reduction in incidence of severe hyper- 
tension in the nifedipine group was not associated with 
a concomitant improved pregnancy prolongation when 
compared with the no-therapy group. This was due to 
the fact that a larger percentage of patients in the ni- 
fedipine group (16%) were delivered for fetal reasons 
(abnormal antepartum testing and fetal growth retar- 
dation), as compared with the no-therapy group (9%). 
Consequently, the two groups had similar gestational 
ages at the time of delivery and similar birth weights. 
In addition, the incidence of preterm births, SGA in- 
fants, and infants admitted to the special care nursery 
were similar in the two groups. 

Nifedipine has potent activity against uterine con- 
tractions, and it has been recommended as a tocolytic 
for patients with spontaneous preterm labor.'* *° Our 
findings reveal that nifedipine is not suitable for the 
prevent:on or treatment of premature labor in women 
with preeclampsia. Indeed, 12% of the patients in the 
nifedipine group had spontaneous preterm labor 
and/or rupture of the membranes while receiving to- 
colytic doses (100 to 120 mg per day). Interestingly, this 
incidence was similar to the respective incidence found 
in the no-therapy group. These findings argue against 
any potential benefits from using nifedipine for this 
purpose. | 

We also found that the use of nifedipine had no 
beneficial effects on renal function tests. It is interesting 
to note that the serial changes in proteinuria were sim- 
ilar in both groups. This finding is in agreement with 
those of Rubin et al. and Fenakel et al. In addition, 
nifedipine had no beneficial effects on platelet count. 
In fact, the serial changes in platelet counts, as well as 
the mean platelet counts at delivery, were similar in 
both groups. Moreover, the incidence of thrombocy- 
topenia (platelet count <100 x 10°/mm"*) was similar 
in both groups. This finding is in disagreement with 
the conclusions of previous investigators.'° |)" 
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Table VI. Neonatal outcome 


No therapy* 
(n = 101) 


Nifedipine* 
(n = 99) 














Gestational age at delivery 36.7 + 2.5 36.1 + 2.8 
(wk) 
<37 wk (No. and %) 41 (41%) 49 (49%) 
Birth weight (gm) 2509 + 728 2403 + 769 
<10th (No. and %) 13 (13%) 15 (15%) 
Admitted to special care 21 (21%) 30 (30%) 
nursery (No. and %) 
Days in special care 220 215.5 g2.9 2°20.) 


nursery 


*No significant difference for any categories studied. 


Table VII. Neonatal cord blood values 


{n = 85) (n = &7) 
Blood pH 7.27 + 0.07 7.27 + 0.07 
<7.20 (No. and %) 11 (13%) 9 (10%) 
Blood Pco, 51+ 9.5 52 + 10 
Blood Po, 24 + 7.8 24 + 8.5 
Base deficit -18+32 — 1.7 + 3.4 


The use of calcium channel blockers in the pregnant 
animal model was reportedly associated with a reduc- 
tion in placental blood flow and in the development of 
fetal hypoxemia and acidosis when reviewed by Moretti 
et al.” However, their use in human pregnancy was not 
associated with any reported adverse perinatal out- 
come.*??'*?° The use of nifedipine in preeclamptic ges- 
tations in this study had no adverse effects on either 
uteroplacental blood flow or fetal hypoxemia. It is im- 
portant to note that the neonatal birth weights and the 
incidence of SGA infants were similar in both groups. 
In addition, neonatal cord blood gas findings and the 
incidence of cord blood acidosis (pH <7.20) were sim- 
ilar in both groups. 

The goals of therapy for preeclampsia must always 
be safety of the mother first and then delivery of a live 
infant that will not require intensive and prolonged 
neonatal care. Previous randomized studies of antihy- 
pertensive drugs for mild preeclampsia have noted a 
reduction in the incidence of delivery for severe ma- 
ternal hypertension.’ However, the use of these drugs 
has not been associated with improved perinatal out- 
come when compared with results in well-matched con- 
trol groups.' Similarly, it appears that nifedipine ther- 
apy for mild preeclampsia remote from term does not 
reduce the number of days of maternal hospitalization 
and does not improve perinatal outcome when com- 
pared to bed rest alone. 
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Magnesium pyrrolidone carboxylate infusion reduces 
angiotensin II pressor response in pregnant women at risk 


for hypertension 


Andrea L. Tranquilli, MD, Maria Lina Mariani, MD, Laura Mazzanti, BSc,” 
Herbert Valensise, MD, G. Gioele Garzetti, MD," and Carlo Romanini, MD* 


Ancona, Italy 


OBJECTIVE: Our objective was to investigate the possible restoring action of magnesium on vascular 


sensitivity to angiotensin II in pregnancy. 


STUDY DESIGN: We studied intraplatelet free calcium and the pressor response to angiotensin II in 10 
primigravid women (28 to 32 weeks’ gestation) at risk for pregnancy induced hypertension on the basis of 
altered uteroplacental blood velocity waveforms at 20 weeks’ gestation, before and after the infusion of 

1 gm of magnesium pyrrolidone carboxylate. After the effective pressor dose was achieved or a maximum 
of 32 ng/kg per minute was reached, we infused 1 gm magnesium pyrrolidone carboxylate and repeated 
the test. Intraplatelet free calcium was measured by means of fluorescent probes at the beginning and the 


end of both tests. 


RESULTS: Six women were classified as refractory to angiotensin Il and four as sensitive (effective 
pressor dose <10 ng/kg per minute}. After magnesium pyrrolidone carboxylate infusion, the four sensitive 
women became refractory and the effective pressor dose was significantly enhanced to 32 in all six 
refractory women. Intracellular free calcium increased significantly during the first angiotensin II infusion, 
whereas after magnesium pyrrolidone carboxylate administration it did not change significantly. 
CONCLUSIONS: Magnesium py-rolidone carboxylate enhances the vascular refractoriness and 
intracellular free calcium mediates the pressor response to angiotensin [I in pregnancy. (Am J OBSTET 


GYNECOL 1992;167:885-8.) 


Key words: Vascular reactivity, angiotensin, pregnancy-induced hypertension, magnesium 


Normotensive pregnancy is characterized by reduced 
vascular response to pressor agents compared with the 
nonpregnant state’ and to pregnancy-induced hyper- 
tension.” The increased vascular reactivity is the main 
pathogenetic determinant of the hypertensive disor- 
ders of pregnancy. In 1973 Gant et al. proposed a test 
that allowed investigation of the vascular reactivity to 
a controlled infusion of angiotensin II in pregnancy 
and observed that those women destined to have preg- 
nancy-induced hypertension responded with a given 
rise from baseline diastolic blood pressure to lower 
doses of angiotensin II than did normotensive women 
and that this response largely preceded the clinical 
manifestation of hypertension. They defined as the ef- 
fective pressor dose the angiotensin II infusion rate at 
which a 20 mm Hg increase from baseline diastolic 
pressure occurred and demonstrated that an effective 
pressor dose =10 ng/kg/min was highly predictive of 
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subsequent pregnancy-induced hypertension.** In de- 
signing this study we hypothesized that the intracellular 
free calcium may be the main effector of vascular reac- 
tivity in pregnancy-induced hypertension and also the 
ultimate mediator of the angiotensin If action on ar- 
terial vessels. Because intracellular free calcium is in- 
creased in pregnancy-induced hypertension,’ the phar- 
macologic manipulation of intracellular free calcium 
content®’ may modulate the vascular reactivity in preg- 
nancy. Magnesium exerts a calcium-antagonist action 
hindering calcium influx through resting channels and 
supporting the calcium adenosine 5’-triphosphatase 
with both direct and indirect mechanisms. We therefore 
studied the modulation of the biochemical and bio- 
physical responses to angiotensin II operated by in- 
fused magnesium, an agent capable of interacting with 
the postreceptor compartment, to understand the real 
origin of the altered vascular reactivity in pregnancy at 
risk for hypertension. 


Patients and methods 

We studied the modulation induced by the controlled 
infusion of magnesium pyrrolidone carboxylate on vas- 
cular reactivity and intracellular free caldum concen- 
trations in 10 primigravid women, aged 25 to 27, at 28 
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to 32 weeks’ gestation and at risk for hypertension. as 
determined by an increased resistance index at Doppler 
velocimetry of both uterine arteries at 20 weeks’ ges- 
tation.’ 

We chose to measure free calcium in the platelets 
because, as a result of their intrinsic characteristics, taey 
are considered a model of other contracting cell Imes 
in the body, such as perivascular smooth myocytes, 
which are supposed to be highly responsible for the 
increased peripheral resistance in pregnancy-induced 
hypertension. Platelets, however, are easily accessible 
and may be used for repeated measures, and their role 
in the production of prostanoids makes them partic- 
ularly fascinating in the studies relating to the patho- 
genesis of pregnancy-induced hypertension. 

None of the patients had been or were receiving as- 
pirin prophylaxis, and none were receiving other med- 
ications or were on a special diet at the time of testing. 

Angiotensin II and magnesium pyrrolidone car- 
boxylate infusion. Before starting the test, the baseline 
diastolic blood pressure was assessed with an automatic 
sphygmomanometer with the patient resting in a left 
lateral position. A solution of 1 ug/ml of angiotensin 
II (Hypertensin, Ciba) in 0.9% sodium chloride was 
then infused by means of an automatic volumetric 
pump at variable pressure (IVAC 500). The infusion 
was started at 2 ng angiotensin II/kg body weight per 
minute and increased by 2 ng/kg per minute every 5 
minutes until a 20 mm Hg increase from baseline di- 
astolic blood pressure was achieved or an infusion rate 
of 32 ng/kg per minute was reached. When the effec- 
tive pressor dose (i.e., the infusion rate at which the 20 
mm Hg rise was observed) was obtained, we stopped 
the infusion. After the diastolic blood pressure had 
returned to baseline, we confirmed the effective pressor 
dose, restarting the infusion at the dose reached and 
observing the same diastolic blood pressure incrzase. 
When the effective pressor dose was <10 ng/kg per 
minute, we, according to Gant et al.,** considered the 
patient as “sensitive” (i.e., pregnancy-induced hyper- 
tension possibly developing); when the effective pressor 
dose was >10 ng/kg per minute, we considered the 
patient as “refractory.” Finally, when we did not observe 
an increase =20 mm Hg even at an infusion rate of 32 
ng/kg per minute, we considered the patient as “in- 
sensitive.” After the test was completed, we allowed the 
patient 3 to 5 hours to recover from the first test. Then 
we infused 1 gm magnesium pyrrolidone carboxylate 
(MAG 2, LIRCA Synthelabo, Limito) diluted in 100 ml 
0.9% sodium chloride during 15 minutes (400 ml/hr) 
and then after 2 hours, to allow the magnesium pyr- 
rolidone carboxylate to bind cell membranes, we re- 
peated the test according to the scheme described. ` 


Intraplatelet free calcium determination. Intracel- ` 
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lular free calcium was measured?’ at the beginning and 
the end of both the first test and the test performed 
after magnesium infusion. Blood was drawn in plastic 
tubes containing: 0.1 mol/L citrate, 7 mmol/L citric 
acid, and 140 mmol/L dextrose pH 6.5, and the ionized 
calcium in blood platelets was measured according to 
Rao.” Platelet-rickh plasma was obtained by centrifu- 
gation of whole blood for 20 minutes at 140¢ at room 
temperature. The platelet count was adjusted to 
300 x 10-°/L by adding platelet-poor plasma. Platelets 
were then washed twice in antiaggregating buffer (Tris 
hydrochloride 10 mmol/L, sodium chloride 150 
mmol/L, ethylenediaminetetraacetic acid 1 mmol/L, 
and glucose 5 mmol/L; pH 7.3) and loaded with cal- 
cium-sensitive probes by incubation at 37 C° for 45 
minutes and | pmol/L fura-2-acetoxymethyl ester in a 
sclution containing 145 mmol/L sodium chloride, 
5 mmol/L potassium chloride, 1 mmol/L magnesium 
sulfate, 10 mmol/L Hepes, and 10 mmol/L glucose; 
pH 7.4. This latter solution was also used to remove 
the excess dye. Intracellular calcium was determined 
in a Perkin-Elmer MPF-6 fluorescence spectrophoto- 
meter at 37 C°, according to Grynckiewicz et al. The 
intensity of fluorescence was read at a constant-emis- 
sion wavelength (490 nm) with changes in the excitation 
wavelength (340 and 380 nm) and determined accord- 
ing to the following equation”: 


R — Rmin Sf2 


ain = x 
av eee T 


where K, is the dissociation constant of the Ca* fura- 
2-acetoxymethyl ester interaction in the cytosol, R is the 
ratio of the fluorescent intensities at the two excitation 
wavelengths, Rma and Rmin are the ratios of the flu- 
oresence with and without saturating levels of CA++, 
and Sf2 and Sb2 are fluorescence intensities at 380 nm 
without calcium and with saturating levels of Ca**, re- 
spectively. Rmin and Sf2 were measured after lysis and 
addition of 10 mmol/L calcium chloride. 

The results were expressed as the mean of the in- 
crease of diastolic blood pressure for each step, and 
then the dose-response curves of the two tests were 
calculated and compared by their equations and the 
analysis of variance. In the “sensitive” group we also 
compared the eftective pressor doses before and after 
magnesium administration. Baseline intracellular free 
calcium concentrations were averaged and compared 
with the intracellular free calcium at the pressor re- 
sponse, both for the control test and for the postmag- 
nesium test. l 


Results 


After the first test, four women were classified as 
sensitive (effective pressor dose of angiotensin II <10 
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Fig. 1. Angiotensin II infusion test. DPB, Diastolic blood pressure; A//, angiotensin II, Mg, mag- 


nesium. 


ng/kg per minute), three as refractory (effective pres- 
sor dose between 12 and 30 ng/kg per minute, and 
three as insensitive diastolic blood pressure increase 
<20 mm Hg at 32 ng/kg per minute). After magnesium 
infusion none of the women were classified as “sensi- 
tive”: The effective pressor dose increased to 16 in all 
four cases (p < 001). A decreased pressor response was 
observed as well in the three “refractory” women who 
did not even respond at infusion rates equal to 32 
_ng/kg per minute. No significant step-by-step differ- 
ence was observed in the three women who were “in- 
sensitive” at the first test. The logarithmic angiotensin 
H dose—pressor response curve obtained after the in- 
fusion of magnesium is significantly shifted to the right, 
as illustrated in Fig. 1; the polynomials are significant 
also (baseline y = 66.04 + 4.42x, p < 0.01; postmag- 
nesium y = 61.30 + 4.73x; p < 0.001). Intracellular 
free calcium increased significantly from baseline at the 
effective pressor dose in the first test, whereas it did 
not increase significantly after the infusion of magne- 
sium pyrrolidone carboxylate (Table I). No significant 
differences were observed in baseline intracellular free 
calcium between sensitive women and the other 
women. 

In all four women who were “sensitive” during the 
first test, pregnancy-induced hypertension developed, 
_ confirming what is well known from the clinical ex- 
periences of Gant et al.’ It is noteworthy that the three 
patients classified as “refractory” did have pregnancy- 


_ First test 


Table I. Intraplatelet free calcium 


concentration during angiotensin IJ test and 
modifications induced by infusion 
of magnesium 


Calcium concentration (nmol/L, 
os mean + SD) 











At effective 
pressor dose 


86.2 +114 129.3 + 21.9% 
After magnesium infusion 79.9 + 15.0 95.9 + 20.2 


` *p < 0.001. 


induced hypertension during the course of pregnancy, 
whereas none of the “insensitive” women did so. 


. Comment 


The significant modification of the vascular response 
to angiotensin II induced by the controlled infusion of 
magnesium pyrrolidone carboxylate demonstrates that 
the postreceptor compartment, whose ultimate media- 
tor is intracellular free calcium, is the background of 


' that response. Contrary to Scroop and Whelan,'* who 


hypothesized a central mediation in the pressor re- 
sponse to low angiotensin II doses, Lee et al. exper- 


- mentally demonstrated that this response to angio- 


tensin did not involve catecholamines or other media- 
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tors such as dopamine. Also Everect et al.," in their first 
experience with the angiotensin II test, postulated that 
the response could have been mediated by intracellular 
free calcium and cyclic nucleotides; the results of the 
current study confirm those observations. 

The specific response to magnesium pyrrolidone car- 
boxylate is an indirect sign of intracellular tree calcium 
mediation in vascular reactivity in pregnancy. The pres- 
ence of two amide groups in the molecule of this or- 
ganic salt favors its binding to the surface of the cell 
membrane, allowing a more prolonged action with con- 
sequent larger cytoplasmic absorption." The increased 
threshold after magnesium pyrrclidone carboxylate in- 
fusion is, however, of clinical interest. After controlled 
infusion none of the women were sensitive any longer, 
in spite of the fact that in some instances the effective 
pressor dose of angiotensin II of the baseline test (10 
ng/kg per minute) was highly suspected in the subse- 
quent development of pregnancy-induced hyperten- 
sion. This increase in the threshoid is analcgous to those 
recently obtained by the group in Dallas with both 
- pharmacologic’ and dietary” manipulations. The test, 
repeated after magnesium infusion, may otherwise 
identify a group of women whose responses are not 
yet clearly pathologic but who have an increased cel- 
lular reactivity. These women, who are to date in a gray 
area of refractoriness but are not definitely unsensitive, 
may also benefit from magnesium pyrrolidone carbox- 
ylate prophylaxis. This is also suggested from the sub- 
sequent development of pregnzncy-induced hyperten- 
sion in the “refractory” patients; a change in the re- 
sponse after magnesium infusion may mean that an 
initial alteration of intracellular calcium metabolism is 
already present and may be detected by the test. 

Although very preliminary, our results demonstrate 
that intracellular free calcium is the ultimate mediator 
of increased vascular reactivity, which is the determi- 
nant of pregnancy-induced hypertension. Magnesium 
pyrrolidone carboxylate, because of its peculiar struc- 
tural characteristic, modulates the intracellular com- 
partment and subsequently the vascular response to 
angiotensin II in pregnancy. By these findings, the ra- 
tionale for the use of calcium antagonists in pregnancy 
is also confirmed. 
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Second-trimester echogenic bowel and 


chromosomal abnormalities 


Angela L. Scioscia, MD, Dolores H. Pretorius, MD, Nancy E. Budorick, MD, 
Timothy C. Cahill, MS, Fumiko T. Axelrod, MS, and George R. Leopold, MD 


San Diego and La Jolla, California 


OBJECTIVE: Our objective was to examine the outcomes of pregnancies in which echogenic bowel was 


detected in the second trimester. 


STUDY DESIGN: Twenty-two cases with a prospective diagnosis of echogenic bowel were reviewed. 
Karyotypic studies were performed in 19 cases, and 17 families had deoxyribonucleic acid—based risk 
assessment for cystic fibrosis. The echogenicity of the bowel was retrospectively reviewed and graded as 


mild or bright. 


RESULTS: Five cases of trisomy 21 and one case of trisomy 18 were detected; four of these had other 
ultrasonographic abnormalities. Twenty-seven percent of fetuses with echogenic bowel were aneuploid. 
Risk was greatest for cases with brightly echogenic bowel. No cystic fibrosis mutations were detected. The 


diagnosis of echogenic bowel was reproducible. 


CONCLUSION: Brightly echogenic bowel in the second trimester was found to be associated with a 
significant risk of fetal aneuploidy. (Am J OssteT GYNECOL 1992;167:889-94.) 


Key words: Echogenic bowel, chromosomal abnormalities, cystic fibrosis, fetal abnormalities, 


Down syndrome 


Ultrasonographic detection of a hyperechoic mass in 
the fetal abdomen in the second trimester is an unusual 
occurrence. If acoustic shadowing and ascites are not 
present, this mass most likely represents the fetal bowel. 
The finding of echogenic bowel in the second trimester 
has been described by several authors as a normal vari- 
ant.'* Other authors describe a similar image in fetuses 
with cystic fibrosis.*® More recently, an association be- 
tween chromosomal abnormalities and hyperechogenic 
bowel has been reported.” * Nyberg et al." prospectively 
diagnosed echogenic bowel in 7% of second-trimester 
fetuses with Down syndrome. 

The recent identification of the gene responsible for 
cystic fibrosis and the precise characterization of a num- 
ber of common mutations allow prenatal diagnosis of 
cystic fibrosis in situations where there is no family his- 
tory or living proband available. Because of the asso- 
ciation of echogenic bowel in the second trimester with 
cystic fibrosis and aneuploidy, in August 1990, we be- 
gan offering families with this finding the options of 
prenatal diagnosis with amniocentesis and deoxyribo- 
nucleic acid (DNA)—based cystic fibrosis risk assess- 
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ment. The purpose of this study was to determine the 
significance of echogenic bowel identified in the fetus 
during the second trimester. 


Material and methods 


A review of cases with the prospective ultrasono- 
graphic diagnosis of echogenic bowel in the second 
trimester was undertaken. All studies were performed 
at the University of California, San Diego, Center for 
Fetal Diagnosis and Treatment, during a 1-year period, 
from Aug. 1, 1990, through July 31, 1991. Cases were 
ascertained by reviewing the logbooks of the DNA Lab- 
oratory, Ultrasound Unit, and Genetics Service; 22 
cases were identified. During this year approximately 
2300 second- and third-trimester examinations were 
conducted; the majority of these were referred for ad- 
vanced maternal age and maternal serum a-fetoprotein 
(AFP) screening abnormalities. The 22 cases with echo- 
genic bowel were referred for the following indications: 
advanced maternal age 8, elevated maternal serum AFP 
6, low maternal serum AFP 4, anatomic survey 2, and 
2 with outside sonograms suggestive of echogenic 
bowel. 

Ultrasonographic examinations were performed 
with the Acuson XP and Acuson 128 equipment. A 
variety of transducers was utilized, including 3.5 and 
5 MHz sector and linear-array transducers. All exam- 
inations were performed transabdominally. The fetal 
abdomen was imaged in both longitudinal and trans- 
verse planes. Echogenic bowel was diagnosed whenever 
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Fig. 1. Longitudinal scan of normal 18-week fetus without echogenic bowel. (Head is to right.) 


the attending physician thought the bowel was more 
echogenic than normal; it frequently approached the 
echogenicity of bone. Cases with intrinsic bowel ab- 
normality, ascites, or acoustic shadowing were ex- 
cluded. A normal fetus is seen in Fig. 1; Figs. 2 to 4 
are images of three different fetuses with trisomy 21 
and echogenic bowel. 

When echogenic bowel was seen in the second trimes- 
ter, families were informed of the possible increased 
risk of cystic fibrosis and chromosomal abnormalities. 
The options of amniocentesis and DNA-based cystic 
fibrosis risk assessment were discussed and offered. 
Nineteen families chose amniocentesis whereas 17 pur- 
sued cystic fibrosis screening. 

High-molecular-weight genomic DNA was extracted 
from peripheral blood leukocytes and from cells cul- 
tured from the amniotic fluid with an automated nu- 
cleic acid extractor (Applied Biosystems 340A). DNA 
samples were screened for approximately 75% of cystic 
fibrosis mutations found in the white population. The 
delta F508, G551D, and R553X mutations were ana- 
lyzed by polymerase chain reaction amplification.” We 
have subsequently added the G542X, R560 T, W1282%, 
and N1303K mutations to our screen. The primers and 
methods used for detection have been previously pub- 
lished.'"'' DNA haplotypes were determined by poly- 
merase chain reaction with the use of restricuon frag- 
ment length polymorphisms at the XV-2c and the KM- 
19 loci.’ 


In an effort to determine the reproducibility and 


interobserver error of the diagnosis, the 22 cases with 
echogenic bowel and 10 randomly selected normal con- 
trols were reviewed by four sonologists (A.S., D.P., 
N.B., and G.L.). Reviewers were asked to grade the 
bowel pattern as normal, mildly echogenic, or bright. 
Bright cases were those in which the echogenicity ap- 
proached that of the iliac wing; mild cases were inter- 
mediate between bright and normal. 

Five pregnancies were terminated by evacuation, and 
detailed gross and microscopic pathologic examination 
of the bowel was performed in three of these. Outcome 


data were obtained for all pregnancies. 


Results 

The gestational age of the 22 cases with echogenic 
bowel was 18 + 2.4 weeks (mean + SD) with a range 
of 15 to 26 weeks. Karyotypic studies of the 19 preg- 
nancies in which amniocentesis was performed revealed 
six trisomies. Five cases of Down syndrome (all trisomy 
21) and one case of trisomy 18 were detected. During 
this time period 19 cases of Down syndrome and three 
cases of trisomy 18 were diagnosed in the second 
trimester at our center. The characteristics of the six 
chromosomally abnormal fetuses with midtrimester 
echogenic bowel and the ultrasonographic findings are 
described in Table I. Notably, in four of the trisomies 
other ultrasonographic abnormalities were detected; in 
two cases echogenic bowel was the only ultrasono- 
graphic abnormality. All trisomic cases with echogenic 
bowel were referred for indications that carried an in- 
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Fig. 2. Longitudinal (A) and transverse (B) scans of 17-week fetus with trisomy 21 and echogenic 


bowel (arrow). (A, Head to left; B, spine up.) 


creased risk of aneuploidy. The three women who de- ported in ethnically similar normal populations. Cystic 

clined amniocentesis were delivered of phenotypically fibrosis was not diagnosed postnatally in any of the 

normal infants at term. children, but they were <1 year old at the ume of 
The DNA studies for cystic fibrosis risk assessment follow-up. 

failed to detect cystic fibrosis mutations in any of the Pathologic examination of the fetal bowel, ın two 

fetuses or parents. The haplotype distribution of the cases with trisomy 21 and one with trisomy 18, failed 


non-Jewish white individuals approximated that re- to detect any gross or microscopic abnormalities. 
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Fig. 3. Longitudinal scan of 18-week fetus with trisomy 21 and echogenic bowel (arrow). (Head is 


to left.) 


Outcome data were obtained for all 22 cases. Ter- 
mination of pregnancy was elected in five cases of fetal 
trisomy. One family elected to continue the pregnancy, 
and an infant with Down syndrome was born at term. 
Sixteen apparently normal pregnancies were contin- 
ued. Thirteen infants were delivered at term without 
complications. There were three poor outcomes, all 
confined to the women with elevated maternal serum 
AFP levels: an intrauterine fetal death at 28 weeks, a 
previable premature delivery, and an infant with severe 
intrauterine growth retardation delivered at 32 weeks. 
Three of the five continued pregnancies with elevated 
maternal serum AFP had poor outcomes. 

The results of retrospective review of the 22 cases 
with echogenic bowel and 10 normal controls are as 
follows: In 15 cases all four sonologists agreed on the 
grade, in 14 cases three of four examiners agreed, and 
in three cases the assessment was discordant. In no 
instance did examiners disagree by more than one 
grade. A grade of mild or bright was assigned to each 
of the cases with a prospective diagnosis of echogenic 
bowel. Assignment was based on the consensus grade. 
Ten cases were classified as bright and 10 as mild. In 
two instances the grading was discordant; both of these 
fetuses had normal chromosome studies, and they were 
arbitrarily assigned to the bright category. This cate- 
gorization resulted in 12 bright and 10 mild designa- 


tions. Five of the trisomies were found in the bright 


group, and one fetus with Down syndrome was found 


among the 10 mild cases. 


Comment 

In this series of 22 cases of prospectively diagnosed 
echogenic bowel in the second trimester, six trisomic 
fetuses were detected. The risk of aneuploidy was 27%. 
The chromosomally abnormal pregnancies were al- 
ready at increased risk, having been referred for ad- 
vanced maternal age and abnormal maternal serum 
AFP levels. Four of the six aneuploid fetuses had other 
ultrasonographic abnormalities suggestive of a chro- 
mosomal error. Two aneuploid fetuses had no other 
ultrasonographically detected abnormality. The risk of 
trisomy was much greater in those cases in which the 
bowel was retrospectively graded as bright (42%). In 
the 10 cases with mild increase in echogenicity, only 
one fetus with Down syndrome was detected. 

In 1988 Boue et al., reporting on the results of two 
large French multicenter collaborative studies of pre- 
natal diagnoses, noted an association of hyperechoic 
bowel and trisomy 21. Nyberg et al.* presented the pre- 
natal ultrasonographic findings in 94 cases of Down 
syndrome and found an association of echogenic bowel 
with Down syndrome. Of 68 cases of Down syndrome 
diagnosed in the second trimester, five were found to 
have echogenic bowel; one of these also had duodenal 


atresia. 
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Fig. 4. Longitudinal scan of 18-week fetus with trisomy 21 and echogenic bowel (arrow). (Head is 


to left.) 


Table I. Characteristics of pregnancies with echogenic bowel and aneuploidy 





Gestational age 
(wh) 


Subject 
No. 






Indication 


| 19 Advanced maternal age 
2 18 Advanced maternal age 
3 17 | Maternal serum AFP 
4 18 | Maternal serum AFP 
5 16 Advanced maternal age 
6 19 ft Maternal serum AFP 


OO 


A definitive pathologic explanation for the ultrason- 
ographic finding was not found in the three cases ex- 
amined at our institution. Reduced amniotic fluid mi- 
crovillar enzymes have been demonstrated in fetuses 
with trisomy 21 and 18"; this reduction is similar to 
that seen with cystic fibrosis." The abnormally low 
levels of microvillar enzymes in fetuses with cystic fi- 


brosis may be secondary effects of delayed passage of 


the tenacious meconium seen with this disorder. A sim- 
ilar mechanism may occur in the trisomic fetus. The 
delayed passage may be a result of decreased bowel 


motility or meconium with abnormal characteristics. 













Karyotype Ultrasonographic findings 


47,XY,+ 21 Echogenic bowel only 

47, XY,+ 2] Echogenic bowel, nuchal area 5.7 mm 

47,XX,+21 Echogenic bowel only 

47,XX, +21 Echogenic bowel, bilateral choroid 
plexus cysts, nuchal area 4 mm, 
echogenic focus left ventricle 

47,XY,+21 Echogenic bowel, nuchal area 5.1 
mm, echogenic focus left ventricle, 
short femur 

47,XY,+ 18 Echogenic bowel, bilateral choroid 


plexus cysts, ventriculoseptal defect, 
abnormal cerebellum, absent kid- 
ney, clubbed feet, clenched hands, 
absent stomach 


Cystic fibrosis mutations were not found in any of 
the parents or fetuses in this series. All the neonates 
are doing well to date; however, long-term follow-up 
is not yet available. Determination of the true risk of 
cystic fibrosis and the utility of DNA screening in this 
setting will require prospective evaluation of a larger 
number of patients. One cannot reliably diagnose cystic 
fibrosis by the findings of echogenic bowel and reduced 
microvillar intestinal enzymes without definitive DNA 
studies. There have been two reports of fetuses that, 
on prenatal evaluation, had echogenic bowel and re- 


duced amniotic fluid microvillar enzymes; both of the 





894 Scioscia et al. 


neonates proved not to have cystic fibrosis on postnatal 
testing.'” '’ If the ultrasonographic image of echogenic 
bowel is a result of delayed meconium passage, then a 
finding of reduced microvillar enzymes in the amni- 
otic fluid might be expected, independent of cystic fi- 
brosis. 

The diagnosis of echogenic bowel is qualitative; a 
number of factors can affect the image, including im- 
aging at higher frequencies. In addition, bowel appears 
more echogenic with different equipment and settings. 
Our studies were performed on two very similar ma- 
chines, so this was not a problem in our series. The 
consistency demonstrated in the retrospective review 


of the cases leads us to conclude that a diagnosis of 


echogenic bowel is reproducible and that interobserver 
variability is acceptable. 

In conclusion, brightly echogenic bowel in the second 
trimester is associated with a significant risk of chro- 
mosomal abnormality in a population at high risk for 
aneuploidy. The risk of cystic fibrosis with this ultra- 
sonographic finding, in a population not at risk, has 
not been established. On the basis of this series and the 
experience reported in the literature, we recommend 
that women whose fetuses are found to have brightly 
echogenic bowel in the second trimester be offered am- 
niocentesis. Until further data are collected, it would 
seem prudent also to offer DNA studies for cystic fi- 
brosis. 


We acknowledge the efforts of the genetic counsel- 
ors, ultrasonographers, and physicians of the Univer- 
sity of California at San Diego Center for Fetal Diag- 
nosis and Treatment. 
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Circulating lymphocyte subsets in second- and third-trimester 
fetuses: Comparison with newborns and adults | 


Stanley M. Berry, MD, Nancy Fine, MT, Jennifer A. Bichalski, RDMS, 
David B. Cotton, MD, Mitchell P. Dombrowski, MD, and Joseph Kaplan, MD 


Detroit, Michigan 


OBJECTIVES: Our objective was to compare the relative sizes of circulating lymphocyte subsets in 


fetuses, newborns, and adults. 


STUDY DESIGN: Two-color flow cytometric analysis of lymphocyte cell surface markers was performed on 


blood from 64 fetuses, 22 newborns, and 67 normal adults. 


RESULTS: All three groups had similar percentages of CD3* total T cells, CD4* helper T cells, CD8* 
cytotoxic/suppressor T cells, and CD20* B cells. Compared with adults, fetuses and newborns had 
markedly reduced percentages of CD57* natural killer T cells and consistently increased percentages of 
CD5*CD20°* B cells. Most fetal and cord T and B lymphocytes expressed the activation marker CD38. 
CONCLUSIONS: Similarities and age-dependent differences exist among fetal, newborn, and adult 
circulating lymphocyte subsets. Lymphocyte marker analysis may prove useful in the detection of fetal 
infection and other complications of gestation. (Am J OBSTET GYNECOL 1992;167:895-900.) 
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During gestation human fetal lymphocytes differ- 
entiate, mature, and expand to form the multiple phe- 
notypically and functionally distinct lymphocyte subset 
populations characteristic of postnatal life. Until re- 
cently, our ability to observe and study this process has 
been limited to sampling tissues obtained from abor- 
tuses or prematurely born infants.'® The recent de- 
velopment of techniques for safe sampling of fetal 
blood as early as the seventeenth week of gestation 
provides the opportunity for monitoring and investi- 
gating the human fetal immune system in situ and 
should help further our understanding of the ontogeny 
of the immune system, the influence of fetal lympho- 
cytes and their products on maternal immune reac- 
tions, and the response of the fetus to intrauterine in- 
fection and other complications of gestation. An im- 
portant first step in this endeavor is the establishment 
of normal baseline values for immunologic parameters 
measurable in blood samples obtained at different 
stages of gestation. In this study we have used an array 
of monoclonal antibodies to cell surface differentiation 
antigens to quantitate by flow cytometry the relative 
sizes of phenotypically distinct lymphocyte subsets in 
blood samples obtained from fetuses, term newborns, 
and adults. 
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Material and methods 


Blood samples. After written informed consent was 
obtained from the pregnant woman, fetal venous blood 
samples of 1 to 6 ml were obtained by cordocentesis, 
as described by Nicolaides et al. with continuous ul- 
trasonographic guidance by means of a curvilinear 
transducer (Aloka 633, Corometrics, Inc., Wallingford, 
Conn.). A total of 71 procedures were performed in 
61 pregnant women on 64 fetuses. A summary descrip- 
tion of these subjects and the indications for fetal blood 
sampling is given in Table I. The most frequent indi- 
cation for fetal sampling was “possible infection” as 
suggested by maternal serologic findings. However, by 
serologic results or microbiologic culture no evidence 
of infection was detected in any of these fetuses. Four 
of the fetuses of isoimmunized mothers were anemic 
at the time of their first sampling, and therefore values 
on these fetuses were not included in the normal pop- 
ulation. Repeated samples were obtained from three 
anemic fetuses that received =1 transfusion with ir- ` 
radiated packed red blood cells. Posttransfusion sam- 
ples from these fetuses were obtained between 10 and 
21 days after the last intrauterine transfusion. Except 
for posttransfusion specimens, all fetal samples con- 
sisted of 100% fetal blood cells by the Kleihauer-Betke 
acid-elution test. Diagnosis of twin-twin transfusion was 
entertained when gross differences were detected in 
fetal size and apparent volume of amniotic fluid. Both 
fetuses were sampled. None of the twin fetuses were 
anemic at the time of sampling. In all cases the differ- 
ence between twins in hemoglobin values was <3 
gm/dl. Of the 17 fetuses sampled because of possible 
malformations, 16 proved to be malformed at birth. 
Malformations included anomalies of the genitourinary | 


owen 
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Table I. Summary description of fetal 
blood samples 


No. fetuses sampled 64 
Maternal age (yr) va le wae 
Gestational age (wk) 27 + 6 
Indication for cordocentesis (No.) 
Possible infection 13 
Possible fetal malformation 17 
Immune thrombocytopenia 7 
Twin-twin transfusion syndrome 7 
Red blood cell isoimmunization 19 
Maternal age l 
Amniotic fluid mosaicism l 
Idiopathic oligohydramnios 6 


tract (n = 4), skeletal system (n = 1), central ner- 
vous system (n = 7), cardiovascular system (n = 2), 
pulmonary system (n = 1), and gastrointestinal tract 
(n = 1). None of these malformed fetuses had abnor- 
mal karyotypes, and all had normal hematologic in- 
dexes, 

Cord blood samples were obtained from 22 normal 
term newborns at delivery, and venous blood samples 
were obtained from 67 normal adult volunteers. All 
blood samples were collected in tubes containing hep- 
arin and stored at room temperature for no longer than 
18 hours before processing for analysis. 

Monoclonal antibodies. Phycoerythrin-conjugated 
or ‘fluorescein isothiocyanate—conjugated murine 
monoclonal antibodies specific for human cell surface 
differentiation antigens CD3, CD4, CD8, CD14, CD19, 
CD20, CD38, CD45, CD58, and CD57 were obtained 
from Coulter Immunology (Hialeah, Fla.) or Becton 
Dickinson (Mountain View, Calif.). Table II includes a 
summary of the lymphocyte subsets defined by these 
antibodies. 

Cell surface marker analysis. For antibody staining 
1C0 ul of whole blood was added to tubes containing 
5 pl each of a phycoerythrin-conjugated and a fluc- 
rescein isothiocyanate—conjugated antibody diluted 
with 200 wl of phosphate-buffered saline solution. AF- 
ter 45 minutes’ incubation on ice, the cells were washed 
twice with phosphate-buffered saline solution, and 
erythrocytes were lysed by addition of 1 ml of Immuno- 
Lyse (Coulter). After 30 to 120 seconds 250 ul of Coul- 
ter fixative solution was added. Just before flow cyto- 
metric analysis the cells were washed twice to remove 
the fixative. The numbers of lymphocytes stained with 
one antibody, both antibodies, or neither antibody were 
determined by simultaneous two-color fluorescence 
with an EPICS C flow cytometer gated on small lym- 
phocytes by simultaneous 90-degree and forward angle 
light scatter. Control tubes included unstained cells, 
cells stained with phycoerythrin- or fluorescein iso- 
thiocyanate—conjugated mouse immunoglobin Gor M, 
and cells double stained with fluorescein isothiocya- 
nate~anti-CD8 and phycoerythrin—anti-CD4 for sub- 
traction from subsequent lymphocyte analysis. To con- 
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trol for contamination of the gated cells by monocytes 
and nucleated erythrocytes, separate aliquots were dou- 
ble stained with phycoerythrin-conjugated anti-CD14 
(monocyte specific) and fluorescein isothiocyanate— 
conjugated anti-CD45 (pan-leukocyte specific). The 
corrected percentage of lymphocytes expressing each 
marker was then calculated by dividing the percent 
positive for that marker by the sum of the fractions of 
CD14- and CD45- cells. None of the samples contained 
more than 2% CD14- monocytes. More than 5% con- 
tamination of gated cells by CD45~ cells (presumably 
nucleated red blood cells) occurred in 15% of cord 
blood samples and in 40% of fetal blood samples. In- 
terassay and intraassay variations as measured’ 
by median absolute differences between replicate 
determinations ranged from 2% (CD4+) to 5% 
(CD4+ CD29 +). The complete set of markers was not 
analyzed in every sample. For any given set of cell sur- 
face markers a minimum of six determinations was re- 
quired for a group to be included in the data analysis. 
An average of 22 + 11 fetal samples, 15 + 2 newborn 
samples, and 14 + 7 adult samples were analyzed for 
each set of markers. 

Statistical analysis. The mean values of each of the 
marker-defined cell populations in the different test 
groups were compared by one-way analysis of variance 
with Scheffé’s method for multiple comparisons. Dif- 
ferences between means with p < 0.05 (by Scheffé’s F 
test} were considered significant. Changes in fetal 
cell populations during the second and third tri- 
mesters of gestation were analyzed by simple linear 
regression. 


Results 


The percentages of blood lymphocytes expressing 
each of the cell surface marker phenotypes examined 
here are shown in Table II. None of the four fetuses 
found to be anemic because of maternal iscimmuni- 
zation were included in this cross-sectional analysis. 

T cells. Compared with adult blood, fetal blood con- 
tained similar proportions of cells expressing CD3, a 
marker expressed by all T cells, and similar proportions 
of the minor CD3* T cell subset that expresses the T’yé 
T-cell receptor. Blood from all three groups contained 
similar proportions of CD4* helper T cells and CD8* 
cytotoxic/suppressor T cells. By contrast, both fetal and 
cord blood contained significantly increased propor- 
tions of CD4*CD45RA* virgin helper T cells and sig- 
nificantly decreased proportions of CD4*CD29* 
“memory” helper T cells, compared with adult 
blood. 

B cells. The mean percentage of cells. expressing 
CD19, a marker expressed by all mature B cells, was 
significantly greater in the blood of nine sampled fe- 
tuses than in the blood of 10 sampled adults. However, 
the mean percentage of cells expressing CD20, another 
marker expressed by all mature B cells, did not differ 
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Table II. Percentages (mean + SD) of fetal, newborn, and adult peripheral blood lymphocytes expressing 


lymphocyte subset differentiation markers 


Cell markers 


CD2* Pan-T 

CDI Ty8* T subset 

CD4* Helper T cells 

CD4*CD45RA* Helper T cells, virgin 

CcD4*CD29* Helper T cells, memory 

CDE" Cytotoxic/suppressor T cells 

CD19* B 

CDz0* B 

CD19*CD5* B subset 

CDz0*CD5* B subset l 

CD38* Activated and progenitor lym- 
phocytes 

CDS8*CD3* Activated and progenitor T 

CD38*CD3~ Activated and progenitor non-T 

CD38*CD20* Activated and progenitor B 

CD56* Natural killer, natural killer—like 
T subset 

CD56*CD8* Natural killer—like T subset 

CD57* Natural killer subset, T subset 

ND, Not done. 


*Difference between means of fetus-cord versus adult, p < 0.05. 


+Difference between means of fetus versus cord, p < 0.05. 


significantly among the three age groups. This latter 
analysis included a considerably larger sample of 35 
fetuses, 18 newborns, and 28 adults. However, within 
the B-cell population a considerably higher proportion 
of both CD5*CD19* and CD5*CD20* B cells was de- 
tected in fetal blood than in adult blood. The CD5* 
subset constituted roughly 75% of all fetal B cells but 
only 35% of all adult B cells. 

Activated cells. The percentages of lymphocytes 
with detectable cell surface CD38, a marker found on 
hematopoietic progenitor cells and on proliferating or 
activated T and B lymphocytes,* * were nearly twice as 
great in blood from fetuses and newborns as in blood 
from adults (84% and 87% vs 36%). Simultaneous stain- 
ing for CD38 and either CD3 or CD20 demonstrated 
that CD38 was expressed by 94% of fetal blood T cells 
and by 92% of cord blood T cells. In contrast, only 25% 
of adult blood T cells expressed CD38. Similarly, 82% 
of fetal blood CD20* B cells expressed CD38, com- 
pared with only 26% of adult blood B cells. The mean 
percentage of CD38*CD3~ non-T cells was significantly 
higher in cord blood samples (30%) than in either fetal 
blood (16%) or adult blood (16%). 

Natural killer cells. When compared with both new- 
born and adult blood, fetal blood contained a signifi- 
cantly lower mean percentage of CD56* natural killer 
cells, and as compared with adult blood, fetal blood 
concomitantly demonstrated a relative reduction in the 
CD56~CD8"* natural killer—like T-cell subset. The 
CD57- subsets of natural killer cells and T cells were 
virtually undetectable in fetal blood samples. 

Influence of indication for fetal sampling. By anal- 
ysis of variance no significant differences in subset com- 
position were detected between fetuses stratified by 


66 + 10 62 + 10 69 + 7 
2: 2 Tæ S32 
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5 + OF 3 > ]* 24249 
(25 +8 25 +6 24+ 7 
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3 t Ik 5a 8 624 
0.1 + 0.3* ND 844 


the five most common indications for fetal blood 
sampling (possible infection, possible fetal malforma- 
tion, maternal red cell isoimmunization, maternal im- 
mune thrombocytopenia, and possible twin-twin trans- 
fusion). 

Influence of gestational age. Linear regression anal- 
ysis of the cross-sectional data on all fetal blood samples 
by gestational age revealed a significant decline during 
the second and third trimesters in the percentages of 
both CD19 and CD20 B cells (Fig. 1). During the same 
gestational period no significant changes were detected 
in any of the other marker-defined subsets. Specifically, 
as shown in Fig. 1, the percentage of CD56* cells 
showed no significant change with increasing gesta- 
tional age. In fact, the trend was a decrease in the 
percentage of CD56 cells during advancing gestation. 
Two fetuses were sequentially sampled between 22 and 
34 weeks’ gestation because of red blood cell isoim- 
munization. As shown in Fig. 2, fetus 1, which received 
a single intrauterine transfusion at 28 weeks’ gestation, 
showed a decline in the percentage of CD20* B cells 
and an increase in the percentage of CD56* natural 
killer cells between 23 and 34 weeks of gestation. In 
contrast, fetus 2, which received eight intrauterine 
transfusions, showed an increase in the percentage of 
CD20* B cells and a decline in the percentage of CD56* 
natural killer cells between 23 and 36 weeks of 
gestation. 


Comment 


In this study we have compared the relative size of 
lymphocyte subsets in second- and third-trimester fe- 
tuses, term newborns, and normal adults. The per- 
centages of lymphocytes expressing phenotypic pat- 
terns, defined by reactivity with monoclonal antibodies 
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Fig. 1. Linear regression analysis of percentages of CD19,'CD20, and CD56 in fetal blood by 
gestational age. Curved lines, 95% Confidence intervals for mean values of percentages of CD* cells. 


to well-defined lymphocyte differentiation markers, 
was determined by two-color immunofluorescence and 
flow cytometry on whole-blood specimens. Particular 
care was taken to correct for any contamination of the 
analyzed lymphocytes by monocytes and nucleated red 
blood cells. Lucivero et al.’° recently reported the re- 


sults of two-color flow cytometric analysis of a similar 
panel of marker-defined phenotypes in blood speci- 
mens of fetuses of 18 to 22 weeks but did not include 
direct comparisons with results in newborns and adults. 
De Waele et al." earlier reported the results of a single 
color immunofluorescence microscope analysis’ on a 
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more limited panel of cell markers in fetal, cord, and 
adult peripheral blood lymphocytes. Kotylo et al.’ re- 
cently reported lymphocyte subset analysis on 60 cord 
blood samples. The data we have obtained with fetal, 
cord, and adult blood samples are comparable to results 
of these previously published studies and provide fur- 
ther evidence of the similarities and differences in the 
relative sizes of lymphocyte populations in fetuses, new- 
borns, and adults. 

The percentages of total CD3* T cells, T cells ex- 
pressing the Tyè T-cell receptor, total CD4* helper T 
cells, and total CD8* cytotoxic/suppressor T cells ap- 
pear to be similar in blood of fetuses, newborns, and 
adults. , 

The percentage of CD19 B cells is significantly 
greater in fetuses than in adults. De Waele et al."' de- 
tected a similar increase in CD19 B cells in fetuses of 
20 to 27 weeks compared with newborns and adults. 
The percentage of CD20 B cells, a population that to- 
tally cverlaps the CD19 B-cell population, is somewhat 
higher in fetuses than in either newborns or adults, but 
in this study the differences did not reach statistical 
significance. Regression analysis of subset composition 
versus gestational age revealed that, although most of 
the subsets did not vary significantly with gestational 
age, both CD19 and CD20 B cells showed a significant 
decline with advancing gestation. It is of interest that 
the relative decline of CD19 and CD20 B cell popula- 
tions in fetuses between 20 and 40 weeks’ gestation 
coinc:des with a period of dramatic increase in the fetal 
circulation of maternally derived immunoglobin G 
levels from 10% to 20% of adult levels at 22 weeks to 
100% of adult levels at 26 weeks.’* This, together with 
the fact that serum antibody has been shown to inhibit 
B-cel: proliferation and differentiation,‘ suggests that 
the decline in the proportion of fetal B cells during the 
secor.d and third trimesters may be due to down-reg- 
ulation of fetal B-cell proliferation by maternal im- 
munoglobin G. 

A striking difference between fetal and newborn lym- 
phocyte populations, on the one hand, and adult lym- 
phocyte populations, on the other, is the increased 
expression by fetal and newborn lymphocytes of the 
activation marker CD38. More than 90% of all T cells 
and >80% of all B cells in both fetuses and newborns 
express CD38, compared with only 25% of adult T and 
B cells. This suggests that virtually all lymphocytes in 
the developing fetus are in an activated state as a result 
of rapid expansion and differentiation of the immune 
system. The relative increase in the percentage of 
CD3~CD38* cells in the newborn compared with the 
fetus could be due to an increase in CD38 expression 
by newborn B cells, natural killer cells, or other non- 
T/non-B cells, including immature hematopoietic pre- 
cursors, Distinction between these possibilities awaits 
future investigation. 

Compared with adults, fetuses and newborns have 
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Fig. 2. Sequential changes in lymphocytes expressing CD20 
and CD56 in two repeatedly sampled fetuses with red blood 
cell isoimmunization. Fetus | received one intrauterine trans- 
fusion and fetus 2 received eight intrauterine transfusions. 


higker proportions of CD4* cells that coexpress 
CD45RA (60% + 19% and 63% + 21% vs 39% + 
14%) and considerably lower proportions of CD4* cells 
that coexpress CD29 (11% + 8% and 6% + 2% vs 
46% + 15%). These findings are consistent with the 
current concept that circulating CD4*CD45RA* cells 
are “virgin” CD4* T cells that have yet to undergo 
specific antigenic stimulation, whereas circulating 
CD4*CD29* cells are “memory” CD47 T cells that have 
already undergone specific antigenic stimulation.’*”’ 
We find that most B lymphocytes in fetal blood ex- 
press CD5. A similar preponderance of CD5 B cells in 
cord blood has been previously reported.’* CD5 B cells 
appear to represent a distinct B-cell lineage that is re- 
sponsible for the production of most natural antibodies 
and produces a wide variety of weak-affinity immu- 
noglobin M autoantibodies that cross react with many 
microbial antigens.'® The CD5+ B cell population may 
function as a relatively primitive antimicrobial host de- 
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fense in the fetus and newborn, which is then sup- 
planted by the more highly antigen- specific CD5~ ma- 
ture B-cell population. 

Our finding that fetal blood contained lower per- 

centages of circulating CD56* natural killer cells than 
either newborns or adults, together with the fact that 
the percentage of CD56* cells did not appear to in- 
crease with increasing gestational age, implies that ei- 
ther a sudden increase in the percentage of CD56* cells 
occurs in response to the birth process or the apparent 
differences observed here between fetal and cord blood 
values are due to sampling artifacts. The former pos- 
sibility is consistent with the fact that neonates delivered 
vaginally have higher levels of natural killer activity 
than neonates delivered by cesarean section.” The lat- 
ter possibility seems more likely in view of the fact that 
in their study of 25 blood specimens from fetuses of 
18 to 20 weeks Luctivero et al.” detected percentages 
of CD56* cells (12% + 7%) similar to those detected 
in our newborn and adult blood samples. The virtual 
absence of CD57* cells in fetal blood detected here and 
elsewhere! '' fits with previous findings of a similar 
paucity of CD57* cells in cord blood.” CD57 is ex- 
pressed by a subset of natural killer cells with relatively 
low natural killer lytic activity and by a subset of CD8* 
`T cells that appear to represent in vivo primed cytotoxic 
-T cells that increase markedly in response to a variety 
of viral infections, including human immunodeficiency 
virus? 

Whether the ability to monitor fetal lymphocyte sub- 
sets can provide evidence of fetal infection or other 
intrauterine complications remains to be determined. 
Although analysis of the cross-sectional data presented 
here failed to reveal any significant differences among 
groups of fetuses stratified according to the various 
categories of indications for fetal sampling, such dif- 
ferences might be revealed by study of a larger sample 
size. The results obtained in two sequentially monitored 
fetuses suggests that intrautérine events (e.g., repeated 
intrauterine transfusions) may alter lymphocyte subset 
composition and its.pattern of change with advancing 
gestation. Prospective studies to he address mese 
issues are in progress. 
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The effect of presentation and mode of delivery on neonatal 


outcome in the second twin 


Phillip C. Greig, MD, Jean-Claude Veille, MD,* Timothy Morgan, PhD,” and 


Linda Henderson, RN’ 


Winston-Salem, North Carolina 


OBJECTIVE: The purpose of this study was to determine if cesarean dalivery of the nonvertex second 


twin improved neonatal outcome. 


STUDY DESIGN: We examined the maternal and neonatal records from 457 sets of twins delivered from 
1985 tc 1990. We compared 1- and 5-minute Apgar scores, umbilical artery and vein blood pH values, 
duration of neonatal hospitalization, the incidence and length of ventilation, intraventricular hemorrhage, 
birth trauma, and mortality rate between vertex and nonvertex second twins delivered either vaginally or by 


cesarean section. 


RESULTS: The presentation and mode of delivery of the second twin was not associated with a significant 
difference in any of the outcome variables except for the 1-minute Apgar score, which was lower in the 


nonveriex group delivered vaginally... 


CONCLUSION: Our data do not support routine cesarean delivery for twins of any birth weight when the 


second twin is nonvertex. (Am J Osstet GYNECOL 1992;167:901-6.) 


Key words: Twins, delivery, umbilical blood gases, birth order 


Twin gestations make up approximately 1% of all 
pregnancies.’ These pregnancies are at a higher risk 
than singletons for perinatal morbidity and mortality.’ 
The greatest danger exists for the second twin, espe- 
cially those in a nonvertex position.** These consid- 
erations have led to an increased number of cesarean 
deliveries performed in twin pregnancies. Rydhstrom?® 
reported an increase in the cesarean section rate in 
Europe from 8% in 1973 to 69% in 1983. Bell et al.® 
noted a similar increase in the United States from 3% 
in 1972 to 51% in 1984.° Vertex-vertex twins have been 
shown to be safely delivered vaginally at any gestational 
age.’ Recommendations regarding delivery of the ver- 
tex-nonvertex presentation are not so clear. Some 
studies advocate cesarean section for all twins with mal- 
presentation of the second fetus regardless of fetal 
weight.* ° Others have recommended cesarean delivery 
for twins with such a presentation only when the fetal 
weight is estimated to be <1500 to 2000 gm.’*'' Bell 
et al. and Rydhstrom et al.'* * in more recent studies 
failed to show that cesarean section improved neonatal 
outcome in twin pregnancies in any weight group. 
Much of the earlier data were collected before 1975, 
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when external fetal monitoring and ultrasonography 
were not routinely performed. According to Farooqui 
et al.,? 50% of the twins in their study were not diag- 
nosed until labor began and 30% were discovered only 
after delivery of the first twin, Taylor? concluded in 
1976 that cesarean section was the better mode of de- 
livery for all nonvertex twins. The purpose of this study 
was to examine twin pregnancies in the context of mod- 
ern obstetrics and neonatalogy to determine if the 
mode of delivery of the second nonvertex twin was 
related to neonatal outcome. 


Material and methods 


The labor and delivery records at Forsyth Memorial 
Hospital were reviewed for all twin deliveries between 
Jan. 1, 1985, and Dec. 31, 1990. This is the obstetric 
teaching hospital for Bowman Gray School of Medicine 
and the only obstetric hospital in Forsyth County. There 
were 457 sets of twins out of 31,509 deliveries for an 
incidence of 1.5%. The maternal and neonatal charts 
for all of the twin deliveries were then examined. A 
number of these patients were out-of-county maternal 
transfers. The twin cesarean section rate remained rel- 
atively constant over the study period at 45% to 47%. 
All twin pregnancies were cared for and delivered by 
maternal-fetal medicine faculty, private obstetricians, 
and residents supervised by the faculty. Forty-one sets 
of twins were excluded for the following reasons: (1) 
an estimated gestational age <24 completed weeks as 
derived from the date of the last menstrual period and 
ultrasonography data, (2) birth weight <500 gm, (3) a 
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Fig. 1. Comparison between mean birth weights within each presentation-delivery group. p Value 
not significant in all four weight categories. Number of neonates in each group is shown above 
corresponding bar and n = number of neonates in each weight category. 


documented intrauterine fetal death occurring before 
labor, (4) lethal anomalies diagnosed prenatally, (5) 
monoamniotic twins diagnosed prenatally, (6) twins de- 
livered by emergency cesarean section because of 
abruptio placentae or fetal distress, and (7) twins who 
received surfactant after delivery. 

A total of 416 sets of twins were then analyzed for 
the following neonatal outcome. variables: (1) Apgar 
scores at | and 5 minutes, (2) umbilical cord blood pH 
from both the artery and the vein, (3) significant birth 
trauma defined as any fracture or nerve palsy that oc- 
curred during delivery; (4) neonatal days in the hos- 
pital; (5) incidence of intubation and length of time on 
assisted ventilation (includes continuous positive airwav 
pressure), (6) incidence of severe (grade 3 or 4) intra- 
ventricular hemorrhage documented by head ultraso- 
nography done routinely at 3 to 7 days of life in all 
neonates <1500 gm and/or -34 weeks’ gestation, (7) 
neonatal deaths that occurred after delivery but before 
discharge from the hospital. 

The second twins were divided into four presenta- 
tion-delivery groups. The first two groups were those 
second twins in nonvertex presentations delivered vag- 
inally or by cesarean section. The second two groups 
were those second twins in vertex presentations deliv- 
ered vaginally or by cesarean section. The nonvertex 
groups include fetuses in breech or transverse presen- 
tation. These four presentation-delivery groups of sec- 
ond twins are compared throughout the analysis. 

To evaluate the twins for possible differences among 
the presentation-delivery groups, the continuous out- 
come variables were analyzed by means of analysis of 
covariance and the dichotomous outcome variables 
were analyzed with Fisher’s exact test, x’, and Mantel- 
Haenszel x? methods. The ordered Apgar score cate- 


gories were analayzed by the Kruskal-Wallis rank sum 
test. Outcome measures were compared between 
groups with birth weight or gestational age used as a 
covariate or stratification factor. The results were sim- 
ilar when gestational age or birth weight was therefore 
controlled for; results are presented with birth weight 
controlled for. To avoid missing any possible differ- 
ences in the lower birth weight groups because of the 
greater number of twins in the larger birth weight 
groups, we analyzed the data in four weight categories: 
500 to 1499, 1500 to 1999, 2000 to 2499, and =2500 
gm. Neonatal sex and race were also included in the 
analvsis as covariates. Neonates who died were not in- 
cluded in the analysis of neonatal hospital stay or length 
of time of assisted ventilation. A value of p < 0.05 was 
considered statistically significant. 

Umbilical cord blood was obtained in 3 ml heparin- 
ized plastic syringes immediately after delivery, placed 
on ice, and taken promptly to the hospital blood gas 
laboratory for analysis. 


Results 


The mean values of the birth weights in each of the 
presentation-delivery groups were analyzed to deter- 
mine if the groups were comparable (Fig. 1). There 
was no significant mean birth weight difference found 
between the four presentation-delivery groups within 
each birth weight category. 

The l- and 5-minute mean Apgar scores of the four 
presentation-delivery groups are shown in Table I. 
Within the four weight categories, only breech fetuses 
>2500 gm delivered vaginally had a significantly lower 
I-minute Apgar score when compared with the other 
three presentation-delivery groups. The 5-minute Ap- 
gar scores were not significantly different among the 
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Table I. Mean Apgar scores at 1 and 5 minutes of second twins by birth weight groups, presentation, and 


mode cf delivery 





Mean. Mean 
5 min l min 
Apgar Apgar 
score score 
Nonvertex 
Cesarean 4,8 6.8 6.1 
Vaginal 2.4 5.2 5.3 
Vertex 
Cesarean 2.8 4.4 6.6 
Vaginal 4.1 6.3 6.8 
Kruskal-Wallis 0.06 0.11 0.28 
p Value 


four presentation-delivery groups in all four weight 
categories. 

In 52% of the neonates, umbilical artery blood, um- 
bilical venous blood, or both were available for pH anal- 
ysis. No significant differences in the venous or arterial 
mean blood pH values were found among the four 
different presentation-delivery groups within each of 
the weight categories (Fig. 2). 

Neonatal hospital stay was analyzed after maternal 
hospital stay was corrected for by subtracting maternal 
hospital days from neonatal hospital days. There was 
no significant difference in the number of days the 
neonate was hospitalized among the four presentation- 
delivery groups. 

The incidence of intubation after delivery and the 
length of time on assisted ventilation were used to de- 
fine the occurrence and severity of neonatal respiratory 
distress syndrome. No significant difference in the pro- 
portior. of infants intubated or the length of time ven- 
tilated was found among the four presentation-delivery 
groups within each of the weight categories as seen in 
Fig. 3. However, the mean number of hours ventilated 
in the 1500 to 1999 gm weight category was greater 
for both of the nonvertex groups. There was no sig- 
nificant difference in the mean number of hours ven- 
tilated between nonvertex fetuses born vaginally and 
nonvertex fetuses born by cesarean section. 

Eleven cases of severe intraventricular hemorrhage 
were distributed among three of the four presentation- 
delivery groups (Table IT). There was not a significant 
difference in the incidence of intraventricular hem- 
orrhage among these groups. There were no hemor- 
rhages in the nonvertex vaginal delivery group. 

There was only one case of significant birth trauma 
among the 457 sets of twins delivered. A term infant 
had a fracture of the humerus during a breech ex- 


Weight group 


500-1499 gm ~ 1500-1999 gm 2000-2499 gm 


=2500 gm 


Mean Mean Mean Mean Mean 
5 min I min 5 min I min 5 min 
Apgar Apgar Apgar Apgar Apgar 
score Score score «score score 
7.8 7.1 8.6 75 . 8.8 
8.5 6.3 8.2 6.3 8.7 
8.5 6.8 8.6 7.8 8.9 
8.5 6.9 8.7 7.2 8.6 
0.34 0.61 0.70 0.02 0.30 


traction. This infant had Apgar scores of 7 and 8 at 1 
and 5 minutes. The umbilical cord blood pH values 
were 7.24 from the artery and 7.30 from the vein. The 
child went home 3 days after the delivery with its 
mother. Follow-up showed that the arm healed without 
complication. There was not a single case of head en- 
trapment found in the 63 nonvertex fetuses delivered 
vaginally. 

Mortality was not significantly different among the 
four presentation-delivery groups within each birth 
weight category. 

Eighteen external or internal versions were at- 
tempted. Of the 16 external versions, 10 were success- 
ful (63%) in converting the breech or transverse fetuses 
to a vertex presentation with subsequent vaginal deliv- 
ery. Of the six failures, three were delivered by vaginal 
breech extraction and three required cesarean section. 
Of the two internal podalic versions, one was successful, 
resulting in a breech vaginal delivery, whereas the other 
fetus required a cesarean section. The 18 neonates that 
underwent attempted version, either successful or un- 
successful, were compared with those nonvertex infants 
that underwent cesarean section together with the first 
twin (n = 119). There was no significant difference in 
any of the outcome variables except for lower 1-minute 
Apgar scores in the version group. The cesarean section 
rate for fetuses undergoing version was only 22%. The 
version attempts were distributed throughout all weight 
categories, and success was not related to fetal size. 

A separate analysis of the data was done to exclude 
twins with complications not related to delivery but pos- 
sibly affecting outcome. These were pregnancies with 
a birta weight discordance >20% or a significant con- 
genital anomaly not diagnosed prenatally. Twins with 
prenatally diagnosed congenital anomalies had already 
been excluded in the original analysis. This second ex- 
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Fig. 2: Mean umbilical artery and vein blood pH comparison among four presentation-delivery 
groups. p Value not significant in all four NEIGI categories. 







5007 
400 


300 
Mean 


Hours - 
200 


100 


MMMM 


N 


tre 


500-1 


99 1500-1999  2000- 2499 


O Non-vertex / Cesarean 
MM Non-vertex / Vaginal 

- Zi Vertex / Cesarean 
W Vertex / Vaginal 


* p<0.05 for Non-Vertex Twins 
compared to Vertex Twins 





>2500 


Weight Categories (grams) 


Fig. 3. Comparison of length of ventilation required by each presentation-delivery group. 


clusion involved 13 pairs of twins. There were no dif- 
ferences in the results after these exclusions on com- 
parison with the results in the original analysis. . 
Twenty-six combination deliveries occurred in which 
a vaginal delivery of the first twin was performed and 
the second was delivered by cesarean section. This was 
due to cord prolapse in 14 pairs and persistent mal- 
presentation in 12. Internal podalic and external ce- 
phalic versions were not attempted in all of these cases. 
All of the outcome variables of the group of second 
twins requiring emergency cesarean section were com- 
pared with those of nonvertex second twins undergoing 
routine cesarean delivery together with the first twin. 
There were no significant differences in the outcome 


variables except for lower 1-minute Apgar scores in the 
combination delivery grou. 

Comment | 

No difference exists in intrapartum morbidity or 
mortality in twins compared with singletons when pre- 
maturity is controlled for.’* ° For cases in which the 
first twin is in vertex presentation and the second is 
nonvertex, there are no published data from the last 
15 years to support automatic césarean delivery re- 
gardless of the estimated fetal weight. “Prior to 1970, 
standard obstetrical practice was management of twin 
labor according to the presentation of the first twin, 
with delivery maneuvers appropriate to deliver the sec- 
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Table II. Incidence of grade 23 intraventricular hemorrhage (n = 11) 










Presentation-deltvery 
group 





Nonvertex 
Cesarean 6 
Vaginal 0 
Vertex 
Cesarean 9 
Vaginal 3 
p Value — 


ond twin depending on the presentation.” In 1976, 
Taylor? recommended that to improve neonatal out- 
come cesarean delivery of all twins should be per- 
formed if one was in nonvertex presentation. Since 
then the percentage of twins delivered by cesarean sec- 
tion has increased significantly. With current obstetric 
technology (electronic fetal monitoring and obstetric 
ultrasonography), the second twin may be better pro- 
tected rom intrapartum morbidity. Most of the studies 
showing an increased adverse outcome in the second 
twin were done at a time when the second twin was not 
monitcred and often not diagnosed until after the de- 
livery of the first twin. This second twin was at a sig- 
nificant disadvantage. 

Previous studies have shown vaginal breech babies to 
have lower |-minute Apgar scores." We found this true 
only in the nonvertex vaginal group >2500 gm. There 
was not a significant difference among the four pre- 
sentation-delivery groups within each weight category 
for arterial or venous umbilical blood pH. There was 
no significant difference in the number of days the 
neonate spent in the hospital, the incidence of intu- 
bation, or the number of hours of assisted ventilation. 
There was only one case of delivery trauma and that 
was in the nonvertex group during a term breech ex- 
traction. The last variable, mortality, was not higher in 
the nonvertex group of fetuses delivered vaginally 
when compared with those in the same weight category 
delivered by cesarean section. Patients with a prenatal 
diagnosis of a congenital anomaly had been excluded 
because this diagnosis may have changed the intrapar- 
tum management. This meant that we included second 
twins with tetralogy of Fallot, diaphragmatic hernia, 
and a dysplastic kidney in our original analysis because 
they were not diagnosed prenatally. Severely discordant 
fetuses with birth weight differences >20% may also 
have affected the results. After the anomalous and dis- 
cordar.t fetuses were removed, results did not change 
in any of the outcome variables. 

Evrard and Gold’ found significant mortality in the 
second twin in their small review of combination vaginal 
and cesarean deliveries. There was no significant in- 


No. of cases of 
intraventricular hemorrhage 








No. of 
neonates 
in each group 


Incidence 


(%) 





145 4 
; 63 0 
79 3 
129 2 

= NS 


crease in adverse outcomes in second twins requiring 
a cesarean delivery after vaginal delivery of the first 
twin. Most of our patients had epidural anesthesia for 
delivery, and the cesarean sections were performed 
promptly and without complication. External and in- 
ternal versions were found to be safe and effective. 
These results further encourage attempting vaginal de- 
livery of the nonvertex second twin. 

There is always the risk of selection bias in a retro- 
spective study. Some in the cesarean group of neonates 
may have been “sicker” at delivery. To control for this, 
twins undergoing emergency cesarean section for fetal 
distress were excluded from all analysis. Selection bias 
should have favored a better outcome in the group 
delivered by cesarean section because the more im- 
mature fetuses would have been “written off” and al- 
lowed to be delivered vaginally. There were >40 ma- 
ternal-fetal medicine faculty, private obstetricians, and 
residents who delivered the twins in this study. The 
patients delivered by the university perinatologist and 
residents were analyzed separately from the patients 
delivered by the private obstetricians. There was no 
significant difference in the percentage of patients de- 
livered by cesarean section (48% vs 49%) between the 
two groups. There were also no changes in the results 
of any of the neonatal outcome variable analyses. There 
is no way to control for the individual physician’s skills 
at vaginal breech delivery, because no single physician 
delivered enough twins to allow for a statistical analysis. 


By including such a large number of twins, the selection 


bias and individual skill level variation should have been 
minimized. 

The number of second twins delivered vaginally 
from the nonvertex presentation in the >1500 gm 
groups is sufficient (n = 54) to concur with previous 
studies that this model of delivery is safe within this 
weight group.'* |! '* The question of how to manage 
the nonvertex second twin <15(0 gm still remains. The 
number of second twins in the <1500 gm category in 
the nonvertex presentation group delivered vaginally 
was small (n = 9). This puts the data at risk of a type 
II error. On the other hand, nine outcome variables 
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were examined by multiple statistical analysis with the 
same results showing no relationship between mode of 
delivery and outcome in the nonvertex second twin. 
There were also no cases of head entrapment out of 
21 fetuses <2000 gm delivered vaginally from a non- 
vertex presentation. 

There have been many recent studies looking at the 
best mode of delivery. for the premature, nonvertex 
second twin. The study by Adam et al." of twins in- 
cluded 17 nonvertex second twins between 1000 and 
1499 gm delivered vaginally. There was no significant 
difference in neonatal morbidity or mortality between 
the vaginally delivered and cesarean groups. Davison 
et al.” recently published an article on 54 second twins 
delivered by breech extraction who weighed between 
750 and 2000 gm. They found no difference in neo- 
natal morbidity or morality when the vaginal breech— 
delivered group was compared with a cesarean group. 
They also had no cases of head entrapment in these 
premature breech fetuses delivered vaginally. Fishman 
et al.” compared 183 vaginally delivered nonvertex sec- 
ond twins with 207 vaginally deilivered vertex second 
twins >20 weeks’ gestation to term. Specific weight 
group data were not given, but after stratifying for birth 
weight there was no significant difference in any of the 
neonatal outcome variables examined. The data from 
our current study along with the results from these 
others make a convincing argument as to the safety of 


vaginal delivery for the nonvertex second twin <2000° 


gm. 

These data indicate the need to reassess the currently 
prevailing management of twin pregnancies with a non- 
vertex second twin. The results from this study do not 
support routine abdominal delivery when the second 
twin is in the nonvertex presentation. 


I thank Melissa Swain for her help in this study. 
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Do abnormal Starling forces cause fetal hydrops in red blood 


cell alloimmunization? 


Kenneth J. Moise, Jr., MD, Robert J. Carpenter, Jr., MD, and Diane E. Hesketh, RN 


Houstcn, Texas 


OBJECTIVE: The purpose of the current investigation was to ascertain whether derangements in umbilical 
venous pressure and plasma colloid osmotic pressure are involved in the pathophysiologic condition of 


immune hydrops fetalis. 


STUDY DESIGN: Umbilical venous pressure (corrected for ambient amniotic fluid pressure) and colloid 
osmotic pressure were measured during intravascular transfusion. Fetal hydrops was defined as the 
presence of ascites by ultrasonography. The Mann-Whitney test was used for comparison of groups; a 


value cf p < 0.05 was considered statistically significant. 


RESULTS: Fifteen hydropic fetuses were matched for gestational age with 15 nonhydropic fetuses also 
undergoing intrauterine transfusion for anemia. On comparison with their nonhydropic counterparts, 
hydropic fetuses had a statistically lower colloid osmotic pressure. Umbilical venous pressure was higher 
and the colloid osmotic pressure — umbilical venous pressure gradient was lower in association with fetal 
hydrops although these differences did not achieve statistical significance. 

CONCLUSION: Mild abnormalities of intravascular Starling forces may play a role in the formation of 
hydrops in anemic fetuses. (Am J OssteT GYNECOL 1992;167:907-12.) 


Key words: Rhesus alloimmunization, hydrops fetalis, umbilical venous pressure, colloid 


osmotic pressure 


In 1896, Starling’ described the various forces that 
affect fluid movement at the level of the capillary. He 
proposed that colloid osmotic pressure of interstitial 
proteins and capillary hydrostatic pressure were the 
major factors affecting fluid movement from the in- 
travascular compartment to the interstitial space. The 
balancing forces that caused fluid to shift back into the 
intravascular space from the interstitium were the hy- 
drostatic pressure of the interstitial fluid and colloid 
osmotic pressure of plasma proteins. 

In spite of the widespread use of rhesus immune 
globulin, red blood cell alloimmunization continues to 
contribute to perinatal morbidity and mortality.” With 
the recent advent of ultrasonography and diagnostic in 
utero umbilical blood sampling, fetal hydrops has been 
found to occur only when severe anemia results from 
the transplacental transfer of maternal red blood cell 
antibodies.* In 1932, utilizing the various permuta- 
tions of Starling forces that would produce a net move- 
ment of fluid into interstitial spaces, Diamond et al." 
proposed three mechanisms for the development of 
hydrops fetalis. The first hypothesis conjectured that 
extramedullary hematopoiesis in the liver could lead to 
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depressed production of serum proteins. This would 
in turn lead to a decrease in plasma colloid osmotic 
pressure and a loss of fluids from the intravascular 
compartment. In the second proposed mechanism, 
congestive heart failure in the fetus would result in 
elevated hydrostatic pressure in the capillaries. Finally, 
severe tissue hypoxia could lead to capillary damage 
and enhanced permeability to fluids and proteins. More 
recently, Bowman? suggested that liver congestion in 
association with extramedullary hematopoiesis causes 
portal and umbilical venous hypertension leading to 
ascites and eventual anasarca. 

To date, animal and human neonatal research has 
not validated any of the previously proposed mecha- 
nisms for immune hydrops fetalis. The purpose of the 
current investigation was to ascertain if derangements 
in umbilical venous pressure and colloid osmotic pres- 
sure are involved in the pathophysiologic hydrops for- 
mation in the anemic human fetus. 


Material and methods 


The study was approved by the human investiga- 
tional review committees of Baylor College of Medicine 
and St. Luke’s Episcopal Hospital. 

Between December 1987 and December 1991, 126 
transfusions were performed on 46 fetuses at Baylor 
College of Medicine. Just before each procedure, a 
complete ultrasonographic examination was per- 
formed (Acuson 128, Mountain View, Calif.) with a 3.5 
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Table I. Demographic data of hydropic fetuses 
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6 20.9 D 19.5 sak = 5 = 8.3 11.0 Dal 
7 30.6 D 11.5 + F =$ + 10.4 — ~ 
8 24.6 D 10.5 + + - — = 6.5 -6.7 
9 22.3 D 8.2 F ii _ = 4.3 13.0 = C5 
10 23.4 Kell 4.3 F + + a Vee 8.0 6.0 
1] 24.7 D 17.3 + F = = 9.0 3.0 ~ 
12 24.9 D 18.1 + = zn = — 6.0 4.5 
13 23.6 D, C 8.8 T + at + 7.0 2:9 — 
14 29,8 c 17.7 4 + 5 = 2 11.0 ~ 0.3 
15 25.9 D 10.5 + F = = 8.7 9.0 = 
COP, Colloid osmotic pressure; UVP, umbilical venous pressure. 
MHz linear array transducer. Hydrops fetalis was de- pressure determination were placed in sample tubes 
fined as the presence of an easily discernible ring of containing ethylenediaminetetraacetic acid and centri- 
ascites surrounding the fetal liver. The presence of a fuged at 3000 rpm for 10 minutes. The plasma was 
pericardial effusion, scalp edema, or pleural effusion then decanted and frozen at —70° F. Samples were 
was also noted. | batched, thawed, and analyzed with a model 119 colloid 
A direct intravascular or combined transfusion tech- osmometer (Wescor, Logan, Utah). 
nique (direct intravascular transfusion followed by in- At the conclusion of intrauterine transfusion, the fe- 
traperitoneal transfusion) was used.® The cord inser- tal liver was imaged in a sagittal plane with ultraso- 
tion was localized and with continuous ultrasono- nography. The liver was then measured from the hemi-., 
graphic guidance, a 20-gauge procedure needle was diaphragm to the tip of the right lobe. Liver lengths 
directed into the amnictic cavity to a position just above were converted to multiples of the mean for gestational 
the projected entry site into the umbilical cord. Sterile age according to data previously published.’ 
arterial pressure tubing that had been previously Each hydropic fetus was matched for gestational age 
flushed with saline solution was then connected to the with a nonhydropic fetus with the use of a computer- 
needle. A small amount of saline solution was intro- ized data base. Continuous variables were compared 
duced to clear the needle of amniotic fluid. Mean am- between hydropic and nonhydropic fetuses with a 
niotic fluid. pressure was then measured with a neonatal Mann-Whitney test for unpaired samples. Values were 
blood pressure monitor (VSM1, Physio-control Corp., expressed as the mean + 1 SD. Regression analysis was 
Redmond, Wash.) until a stable reading was obtained. used to compare umbilical venous pressure to liver 
The procedure needle was then directed into the um- length. A value of p < 0.05 was considered statistically 
bilical cord insertion, and a 3 ml initial sample of blood significant. 
was removed and placed in sample tubes containing 
ethylenediaminetetraacetic acid for hematocrit and col- Results 
loid osmotic pressure determinations. A pretransfusion Fifteen fetuses were noted to be hydropic at the time 
mean umbilical venous pressure was then recorded un- of ‘the first Intrauterine transfusion. Anti-D was the 
til it reached a nadir. An intravascular transfusion was alloantibody in nine cases, anti-D and anti-C in three 
undertaken as previously described.® If an amniotic cases, anti-c in two cases, and anti-Kell in the remaining 
fluid pressure could not be obtained during the intra- case. The colloid osmotic pressure — umbilical venous 
vascular portion of the procedure with an anterior pla- pressure gradient could be determined in nine cases 
cental cord insertion, it was measured at the time of when both the colloid osmotic pressure and corrected 
the intraperitoneal transfusion. Mean amniotic Auid umbilical venous pressure were measured. In three ad- 
pressure was subtracted from the corresponding um- ditional fetuses only a colloid osmotic pressure mea- 
bilical venous pressure to derive the corrected umbilical surement was available, whereas in another three fe- 
venous pressure. | tuses only the corrected umbilical venous pressure was 
Fetal hematocrit values were determined with a Coul- measured. The remaining demographic data of the hy- 
ter “S Plus” electronic cell counter (Coulter Electronics, dropic fetuses are presented in Table I. 


Hialeah, Fla.). Fetal blood samples for colloid osmotic Fifteen fetuses were identified as a matched non- 
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Table II. Demographic data of nonhydropic fetuses 
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l Z9:1 Kell 30.1 l 7.7 3.0 4.7 
2 2A D 21:8 2 8.7 2.0 6.7 
3 23.7 D 11.3 2 5.1 5.5 —0.4 
4 22.1] D, C 6.9 l 9.0 — — 
5 19.6 D 12.5 l 7.9 4.0 3.9 
6 22.6 Kell 26.2 l 9.4 3.0 6.4 
7 24.0 D 30.2 2 12.0 4.0 8.3 
8 25.0 D, C 25.4 2 9.4 5.0 4.4 
9 28.0 c 26.3 3 10.0 8.5 L3 
10 24.4 D 21.5 2 9.6 - -- 
lI 29.0 D 27.3 l 10.6 6.0 4.6 
12 25.7 D 13.9 2 8.9 7.0 1g 
13 24.9 D 26.0 2 10.7 10.0 0.7 
14 24.9 D, C 32.5 2 13:9 - — 
15 30.9 D, C 33.4 4 10,9 8.5 2.4 
COP, Colloid osmotic pressure; UVP, corrected umbilical venous pressure. 
hydropic group. Anti-D was the alloantibody in eight transfusions was 1.2 to 1.4 weeks. Although the small 
cases, anti-D and anti-C in four cases, anti-c in one case, sample size precluded statistical analysis, fetal colloid 
and anti-Kell in two cases. The colloid osmotic pres- osmotic pressure appeared to increase whereas the um- 
sure — umbilical venous pressure gradient could be de- bilical venous pressure and colloid osmotic pres- 
termined in 12 cases when both the colloid osmotic sure ~ umbilical venous pressure gradient decreased 
pressure and corrected umbilical venous pressure were with the resolution of hydrops (Figs. 2 to 4). 
measured. In three additional fetuses only a colloid The liver length was measured at the time of intra- 
osmotic pressure measurement was available. The re- vascular transfusion in 13 hydropic fetuses. The mean 
maining demographic data of the nonhydropic fetuses length for this group of fetuses expressed as a multiple 
are presented in Table II. of the mean length for gestational age was 1.5 + 0.3. 
Matching produced two groups of fetuses with sim- An inverse correlation between liver length and um- 
ilar gestational ages (24.7 + 2.8 vs 24.7 + 3.0 weeks, bilical venous pressure was found (r = — 0.62). 
p = 0.97). As expected, the fetal hematocrit was lower | 
in the hydropic group (14.7% + 5.8% vs 24.0% + Comment 
8.0%, p = 0.002). As illustrated in Fig. 1, the colloid Mollison and Cutbush? suggested that myocardial 
osmotic pressure of the hydropic group was lower than failure was the primary cause of immune hydrops fe- 
that in the nonhydropic group (8.0 + 1.5 vs 9.6 + talis. These investigators reported that neonatal um- 
2.0 mm Hg, p = 0.02). Although the mean umbilical bilical venous pressure was elevated above normal val- 
venous pressure was higher in the hydropic fetuses ues in cases of moderate to severe anemia. In addition, 
(7.3 + 3.4 vs 5.5 + 2.5 mm Hg), this difference did in those cases when umbilical venous pressure was not 
not achieve statistical significance (p = 0.24), When measured, “violent bleeding when the cord was cut” 
compared with their nonhydropic counterparts, hy- was thought to be indicative of elevated central venous 
dropic fetuses were found to have a lower colloid os- pressure as a secondary effect of congestive heart fail- 
motic pressure — umbilical venous pressure gradient ure. More than a quarter of a decade later, Phibbs et 
(0.6 + 4.7 vs 3.8 + 2.6 mm Hg), a difference that ap- al.° measured inferior vena cava pressures in 23 infants 
proached statistical significance (p = 0.08). with mild to moderate immune hydrops during the first 
Serial trends in hemodynamic factors of individual 12 minutes of life. Although the majority of the severely 
fetuses were examined between the first intrauterine hydropic neonates had elevated pressures, only two of 
transfusion when fetal hydrops was noted and the sub- the 13 maintained a high venous pressure after ade- 
sequent intrauterine transfusion after the resolution of quate resuscitation. The authors concluded that 
hydrops. Colloid osmotic pressure data were available congestive heart failure was unusual in those cases and 
in six fetuses; the interval between transfusions ranged that the initial elevation of the venous pressure was the 
between 1.2 and 3.4 weeks. Umbilical venous pressure result of peripartum asphyxia. If the pathophysiologic 
data were available in four fetuses; the interval between characteristics of hydrops fetalis are related to conges- 
observations ranged between 1.1 and 5.3 weeks. Colloid tive heart failure, hydropic fetuses should have an ex- 
osmotic pressure — umbilical venous pressure gradient panded intravascular volume. Studies in both the 


data were available in two fetuses; the interval between fetus’ and neonate'' have confirmed that hydropic fe- 
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Fig. 1. Comparison of Starling forces between hydropic fe- 
tuses and matched nonhydropic fetuses. H, Hydropic fetuses; 
NH, nonhydropic fetuses; COP, plasma colloid osmotic pres- 
sure; UVP, umbilical venous pressure; COP — UVP, colloid 
osmotic pressure — umbilical venous pressure gradient. Hor- 
izontal line in each data set represents mean value. 


tuses have blood volumes similar to those of their non- 
hydropic counterparts. 

In the current study umbilical venous pressure was 
measured before intravascular transfusion. Our as- 
sumption was that the umbilical venous pressure was 
an approximate measure of the inferior vena cava pres- 
sure because these two vascular structures are joined 
by the ductus venosus. Studies in the fetal lamb have 
demonstrated that the umbilical venous préssure is 
higher than the inferior vena cava pressure by 5 mm 
Hg." In spite of the limitations of this measurement, 
we found the umbilical venous pressure in hydropic 
and nonhydropic fetuses to be very similar. However, 
our mean value in the hydropic group was slightly 
higher than the mean value of 5.3 mm Hg reported in 
normal fetuses by Weiner et al.’ These findings would 
lead us to conclude that although the central venous 
pressure of the hydropic fetus may be slightly elevated 
above that of a normal fetus, this minimal elevation 
would not support the theory that congestive heart fail- 
ure is the primary mechanism for hydrops fetalis. 

Umbilical venous Aow is directed both into the ductus 
venosus and into the hepatic portal venous system; 
therefore the umbilical venous pressure should be an 
accurate assessment for the presence of portal hyper- 
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Fig. 2. Comparison of plasma colloid osmotic pressure (COP) 
at time of initial intrauterine transfusion (fetal hydrops pres- 
ent) with colloid osmotic pressure at subsequent intrauterine 
transfusion after resolution of hydrops (fetuses I, 3, 6, 7, 9, 
and 1t). 


tension that might be a result of extramedullary he- 
matopoiesis. The lack of significant umbilical venous 
pressure elevation in the current study would invalidate 
the portal hypertension theory for hydrops proposed 
by Bowman.’ We found the fetal liver length to be in- 
creased above norms for gestational age in the hydropic 
fetuses, indicating that this organ increases in size as a 
source of red blood cell production. However, a neg- 
ative correlation was noted between hepatic length and 
umbilical venous pressure, indicating that the higher 
umbilical venous pressure values were associated with 
smaller fetal livers. Weiner et al.” reported an elevated 
umbilical venous pressure in two fetuses with hydrops 
as a result of maternal red blood cell alloimmunization. 
Normalization of the umbilical venous pressure oc- 
curred in both fetuses during or immediately after in- 
travascular transfusion. These observations would sup- 
port the data from our study and lead us to conclude 
that portal hypertension as a result of alteration of he- 
patic architecture with extramedullary hematopoiesis 
is not the cause of immune hydrops fetalis. 

A previous neonatal study has demonstrated that al- 
bumin and total protein levels in hydropic fetuses were 
within the normal range of unaffected controls.“ How- 
ever, the colloid osmotic pressure levels were markedly 
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HYDROPIC 


NON-HYDROPIC 


Fig. 3. Comparison of corrected umbilical venous pressure 
(UVP) at time of initial intrauterine transfusion (fetal hydrops 
present) with umbilical venous pressure at subsequent intra- 
uterine transfusion after resolution of hydrops (fetuses 2, 6, 
8, and 9). 


decreased below normal in these infants. These authors 
suggested that albumin must be in a highly charged 
state to be the major determinant of plasma oncotic 
pressure. Hyperbilirubinemia in association with red 
blood cell hemolysis would cause many of the albumin 
molecules to be bound with bilirubin, thereby negating 
the charged nature of this protein molecule. We chose 
to analyze plasma colloid osmotic pressure as a measure 
of the Starling force that would prevent extravasation 
of fluid from the intravascular space. Neonatal studies 
have revealed tha: colloid osmotic pressure increases 
with gestational age. To remove gestational age as a 
confounding variable, we matched hydropic fetuses for 
this parameter with nonhydropic fetuses. Intravascular 
colloid osmotic pressure was noted to be statistically 
lower in association with immune hydrops fetalis. This 
finding would lead us to surmise that reduced plasma 
oncotic pressure contributes to the formation of hy- 
drops in the anemic fetus. Unfortunately, other data 
do not support the concept of reduced colloid osmotic 
pressure as the sole explanation for hydrops. Human 
fetuses with congenital nephrotic syndrome or anal- 
burminemia do not present with hydrops.'* "7 In addi- 
tion, in a recent study in fetal sheep with the use of 
euvolemic exchange transfusions with saline solution 
to decrease the plasma colloid osmotic pressure by 40%, 
fetal hydrops could not be produced.'* However, in 
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Fig. 4. Comparison of plasma colloid osmotic pressure minus 
corrected umbilical venous pressure gradient (COP — UVP) 
at tire of initial intrauterine transfusion (fetal hydrops pres- 
ent) with colloid osmotic pressure — umbilical venous pres- 
sure at subsequent intrauterine transfusion after resolution of 
hydrops (fetuses 6 and 9). 


another investigation, hydrops could not be produced 
wher. anemia was induced by serial phlebotomies in 
fetal lambs,"° The addition of a protein synthesis in- 
hibitor, cycloheximide, resulted in the prompt onset of 
fetal hydrops. It would therefore appear that reduced 
intravascular colloid osmotic pressure does contribute 
to hydrops formation that occurs in association with 
fetal anemia. 

The third proposed mechanism of hydrops of Dia- 
mond et al.* involved the loss of plasma protein and 
fluid from the vascular space. The methods of the cur- 
rent study do not allow us to validate or disprove this 
theory. The decreased colloid osmotic pressure in our 
hydropic fetuses probably reflected a low plasma pro- 
tein concentration, although this was not measured di- 
rectly. Whether this hypoproteinemic state is the result 
of extravascular protein loss or decreased hepatic pro- 
duction as a result of extramedullary hematopoiesis 
awaits further study. 

The colloid osmotic pressure — umbilical venous 
pressure gradient was analyzed in our study because 
this represents the sum effect an fluid shifts of the two 
Starling forces measured. Although the mean value was 
lower in hydropic fetuses as compared with their non- 
hydropic counterparts, this difference did not reach 
Statistical significance. Because of the small numbers in 
the current investigation, a type II error is possible. 
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The mean gradient in the hydropic group was positive, 
indicating a net fluid movement into the vascular com- 
partment. This might lead one to conclude that the 
derangement of Starling forces does not contribute to 
hydrops formation. However, a closer analysis of the 
data reveals that five of nine hydropic fetuses had a 
negative colloid osmotic pressure — umbilical venous 
pressure gradient consistent with a net fluid shift from 
the intravascular compartment to the interstitium. In 
addition, we noted that abnormalities of colloid osmotic 


pressure, umbilical venous pressure, and the colloid - 


osmotic pressure — umbilical venous pressure gradient 
appeared to reverse when data obtained in hydropic 
fetuses were evaluated in a serial fashion. 

The minimal derangements in Starling forces de- 
tected in the current investigation probably do not com- 
pletely delineate the mechanism for hydrops in the ane- 
mic fetus. What other hypothesis could then be pro- 
posed as a cause of this condition? The lymphatic 
system of the fetus is an important mechanism by which 
interstitial fluid is returned to the vascular space. The 
rate of fetal lymphatic flow is four to five times greater 
than that in the adult after correction for body weight.*° 
Studies in fetal sheep have revealed that lymphatic flow 
is very sensitive to changes in outflow pressure.”’ The 
left and right lymphatic duct systems drain into the 
corresponding brachiocephalic veins, so that any in- 
crease in central venous pressure would reduce lym- 
phatic flow, allowing for peripheral edema accumula- 
tion. Brace” has shown that each 1 mm increase in 
venous pressure caused a 12.7% reduction in lymphatic 
How. In atrial pacing experiments in fetal sheep, hy- 
drops can be induced rapidly.” The finding of marked 
elevations of atrial and central venous pressures during 
pacing has led investigators to propose that lymphatic 
return is compromised in this hydrops model. Such 
compromise of lymphatic emptying would produce a 
rapid accumulation of tissue edema. A clinical scenario 
involving intrauterine transfusion would support the 
concept that lymphatic compromise is a contributing 
factor to fetal hydrops. As opposed to the nonhydropic 
fetus, the anemic hydropic human fetus has poor ab- 
sorption of blood after intraperitoneal transfusion.” 
This is consistent with a functional block of the lym- 
phatic channels of the diaphragm. 

We would therefore propose that decreased plasma 
colloid osmotic pressure in the severely anemic fetus 
prevents the movement of fluid from the intravascular 
space to the extracellular compartment. A slight ele- 
vation of umbilical venous pressure may then be suz- 
ficient to compromise lymphatic return to the heart. 
These mechanisms would result in the slow accumu- 
lation of edema fluid and the subsequent occurrence 
of hydrops fetalis. Further study, particularly in the 
animal model, is necessary to confirm this theory. 
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Longitudinal changes in basal hepatic glucose production and 
suppression during insulin infusion in normal pregnant women 


Patrick M. Catalano, MD,** Elaine D. Tyzbir, MS,’ Robert R. Wolfe, PhD,’ 
Noreen M. Roman, BS, Saeid B. Amini, PhD, and Ethan A.H. Sims, MD? 


Burlington, Vermont, Cleveland, Ohio, and Houston, Texas 


OBJECTIVE: The purpose of this study was to evaluate basal endogenous glucose production and 


suppression during insulin infusion in normal pregnant women. 


STUDY DESIGN: This prospective, longitudinal study was conducted at the Medical Center Hospital of 
Vermont. Six healthy women were evaluated before conception and at 12 to 14 and 34 to 36 weeks’ 
gestation. Body composition was estimated by hydrodensitometry. Basal endogenous glucose production 
was estimated with a primed constant infusion of 6-6 °H, glucose, and suppression of endogenous glucose 
production was estimated with insulin infusion during a hyperinsulinemic-euglycemic clamp. 

RESULTS: There was a significant (p = 0.02) 65% increase in fasting insulin concentration by late 
gestation. Moreover, there was a significant 30% (p = 0.0005) increase in basal endogenous glucose 
production (mg/min) with advancing gestation, which remained significant (p = 0.05) when corrected for 
fat-free mass. During insulin infusion endogenous glucose production was almost completely suppressed 


{i.e., >90%) throughout gestation. 


CONCLUSIONS: There is a significant increase in basal endogenous glucose production at 34 to 36 
weeks’ gestation in spite of a significant increase in fasting insulin concentration. However, endogenous 
glucose production remains sensitive to insulin infusion throughout gestation. (AM J OBSTET GYNECOL 


1992;167:913-9.) 


Key words: Endogenous glucose production and suppression, pregnancy 


The energy requirements of the fetus rely almost 
exclusively on glucose as a metabolic fuel.' Accordingly, 
maternal carbohydrate metabolism is altered during 
gestation to provide the fetus with a constant supply of 
glucose. On the basis of umbilical cord blood sampling, 
the primary determinant of fetal glucose concentration 
is maternal blood glucose concentration, not fetal in- 
sulin concentration? or umbilical blood flow within the 
normal ranges.’ 

We and others have previously reported that the in- 
crease in pregnancy postprandial glucose concentra- 
tions relative to the nongravid condition is the result 
of a progressive decrease in maternal peripheral insulin 
sensitivity.“ Glucose availability to the fetus during and 


after an overnight fast, however, is dependent on ma-, 


ternal endogenous (primarily hepatic) glucose produc- 
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tion. To date, the changes in maternal endogenous glu- 
cose production have been examined only at term and 
compared with either nonpregnant control subjects?” or 
women examined 1 to 5 months post partum. 

In the nongravid woman with normal glucose tol- 
erance, basal or fasting endogenous glucose production 
is almost completely suppressed with increasing insulin 
concentrations.? Whether there is incomplete suppres- 
sion of endogenous glucose production during insulin 
infusion (i.e., decreased hepatic insulir. sensitivity) in 
late gestation has not been evaluated. 

We have previously reported the longitudinal 
changes in peripheral insulin sensitivity in pregnant 
women with normal glucose tolerance.* The primary 
purpose of this study was to examine the longitudinal 
changes in basal endogenous glucose production and 
suppression during insulin infusion in these same nor- 
mal pregnant women. We hypothesized that there was 
decreased basal endogenous (hepatic) insulin sensitivity 
with advancing gestation. For the purposes of this 
study, we chose to evaluate nonobese women as a dis- 
tinct group from obese women because cf the potential 
effect of obesity on carbohydrate metabolism in these 
women.’ 


Material and methods 


Subjects. This study was conducted in the General 
Clinical Research Center of the -Medical Center Hos- 
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pital of Vermont from 1985 through 1990. The study 
was approved by the hospital Institutional Review 
Board, and informed consent was obtained from each 
subject before study. Six healthy, nonobese women 
were recruited to participate in the study, none of 
whom had a history of gestational diabetes or compli- 
cations during a previous term pregnancy. None of 
these women had a family history of diabetes mellitus 
in a first or second degree relative or abnormal glucose 
tolerance in a previous pregnancy. None of the six sub- 
jects were breast-feeding or using oral contraceptives, 
other medications, or tobacco. They were all planning 
to conceive as soon as the baseline pregravid studies 
were completed. - 

Experimental protocol. A series of experiments was 
initiated before conception (five of six subjects were 
evaluated in the follicular phase and one subject in the 
luteal phase of the menstrual cycle) and repeated again 
during early (12 to 14 weeks) and late (34 to 36 weeks) 
gestation. Each subject was instructed on a standard 
diet 2 weeks before each study. The diet was designed 
to standardize nutritional intake for all subjects and 
maintain weight before conception and to appropri- 
ately increase weight during gestation. The diet con- 
sisted of 80 to 100 gm protein, 50% complex carbo- 
hydrates, and the remainder as fat. The diet also con- 
tained 20 gm dietary fiber. The number of calories 
during pregnancy was approximately 30 kcal/kg ideal 
body weight. 

The following studies were sequentially performed 
during the 3-day protocol: day 1, oral glucose tolerance 
test and routine laboratory studies; day 2, hydroden- 
sitometry; and day 3, the hyperinsulinemic-euglycemic 
clamp with infusion of stable isotope (6-6 °H, glucose) 
to estimate endogenous glucose production. 

Oral glucose tolerance test. Before conception all 
subjects were given a 75 gm oral glucose tolerance test 
as defined by the National Diabetes Data Group." Dur- 
ing pregnancy all subjects were given a 100 gm oral 
glucose tolerance test. Normal glucose tolerance during 
gestation was evaluated by the criteria of Carpenter and 
Coustan."® The venous plasma glucose concentrations 
were determined by the glucose oxidase method with 
a Yellow Springs glucose analyzer (Yellow Springs, 
Ohio). . 

Hydrodensitometry. Each subjects body composi- 
tion was estimated by underwater weighing with sil- 
multaneous correction for residual lung volume by he- 
lium dilution. The percent body fat was calculated 
according to Keys and Brozek," to estimate fat-free 
body mass. 

Hyperinsulinemic-euglycemic clamp and infusion of 
6-6 *H, glucose. The hyperinsulinemic-euglycemic 
clamp was performed after a 10-hour overnight fast as 
described by DeFronzo et al.” to estimate peripheral 
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insulin sensitivity. At 6 AM an intravenous catheter was 
placed in an antecubital vein for infusion of glucose, 
insulin, and 6-6 °H, glucose ‘Merck, Montreal, Quebec, 
Canada). Another catheter was placed retrograde in 
the dorsal vein of the contralateral hand for blood with- 
drawal and warmed to 70° C with a warming box. A 
primed constant infusion of 6-6 °H, glucose was infused 
at 0.133 ml/min, and the concentration of the infusate 
was calculated to achieve approximately 1.5 atom per- 
cent excess for all subjects. The basal infusion of 6-6 
*Ho glucose was continued for 3 hours, and plasma 
samples were obtained at 165, 170, and 175 minutes 
after priming and averaged to estimate basal glucose 
and insulin concentrations and endogenous glucose 
production. Basal endogenous glucose production was 
calculated according to the steady-state equations of 
Steele.'° The rate of appearance of glucose (Ra) was 
estimated with the equation Ra = F x 100/E; where 
Ra is the rate of appearance of glucose, F is the constant 
isotopic infusion rate, and E is the enrichment of 
plasma glucose (atom percent excess). 

At the completion of the 3-hour infusion to estimate 
basal endogenous glucose production, we infused a 
prime constant infusion of Humulin insulin (Eli Lilly, 
Indianapolis) at 40 mU/m?/min to achieve a plasma 
concentration of approximately 100 U/ml. A variable 
infusion of 20% glucose was administered with a com- 
puter program, on the basis of plasma glucose samples 
drawn every 5 minutes, to maintain plasma glucose at 
90 mg/dl for 120 minutes. The plasma insulin concen- 
tration was measured every 10 minutes during the 
clamping. The insulin concentration was defined as the 
mean of the values obtained during the last 40 minutes 
of the procedure. 

Endogenous glucose production with insulin infu- 


sion during the 2-hour hyperinsulinemic-euglycemic 


clamp procedure was estimated by maintaining the con- 
stant infusion of 6-6 °H., glucose and adding additional 
isotope to the 20% glucose infusion according to the 
method of Black et al.” The rationale for adding iso- 
tope to the glucose infusion was to avoid rapid changes 
in the enrichment of plasma glucose during the clamp 


procedure. Blood samples were obtained every 10 min- 


utes for isotope analysis. Plasma enrichment was de- 
termined with gas chromatograph mass spectrometer 
(model 5985B, Hewlett-Packard, Palo Atla, Calif.). 
During insulin infusion the rate of appearance of glu- 
cose was calculated with a correction made for addi- 
tional isotope infused with the 20% dextrose. Total Ra 
was equal to the sum of endogenous production and 
exogenous infusion. Endogenous production during 
the clamp procedure was calculated by subtracting the 
exogenous infusion from the total Ra determined from 
the Steele equation.'® When the Ra was equal to or less 
than the exogenous glucase infusion rate, endogenous 
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_ Fig. 1. Changes in fasting glucose (mean + SD). 


glucose production was assumed to be completely sup- 
pressed. Insulin concentrations were measured by the 
method of Starr and Rubenstein." | 

Statistical analysis. Each of the studies in this pro- 
tocol was repeated in all subjects in early and late ges- 
tation, as previously defined. The data were expressed 
as the mean + SD. Statistical analysis was performed 
with analysis of variance with repeated measures and 
paired Student ¢ tests. Statistical analysis was performed 
with a Macintosh Stat (Abicus Concepts Inc., Berkeley, 
Calif.) view statistical package. Probability levels of 
=0.05 were considered significant. 


Results 


All six subjects had normal oral glucose tolerance 
before and during pregnancy. They all had normal 
routine renal, thyroid, and liver chemistry studies dur- 
ing each study period. 

The pregravid maternal characteristics of the study 
population are shown in Table I. We defined nonobese 
as <25% body fat. Gestational age was estimated with 
clinical criteria and obstetric ultrasonography at 12 to 
14 weeks’ gestation. 

The fasting glucose concentrations are shown in Fig. 
1. Although there was a decrease in fasting glucose 
concentration with advancing gestation (pregravid 
86.3 + 6.6 and early 82.5 + 7.2 and late gestation 


Table I. Pregravid maternal characteristics of 
study population (N = 6) (mean + SD). 





Age (yr) $1.8:2 59 
- Weight (kg) 56.5 + 8.4 
Fat-free mass (kg) 46.3 + 6.1 
Fat mass (kg) 10.2 + 3.9 
Percent body fat 17.8 + 5.6 
Body mass index 20.8 &-2.3 
Months to conception 2.22153 


79.5 + 3.2 mg/dl), it did not reach statistical signif- 
cance (p = 0.10). 

The fasting insulin concentrations are shown in Fig. 
2. There was a 20% decrease in fasting insulin concen- 
tration from the time before conception through early 
gestation (pregravid 6.3 + 3.2 to early gestation 
5.0 + 2.0 U/ml). However, by late pregnancy there 
was a significant (p = 0.025) 65% increase in fasting 
insulin concentration to 10.4 + 3.8 U/ml. Overall, 
there was'a significant (p = 0.02) increase in fasting 
insulin concentration from the time before conception 
through late pregnancy. 

Basal endogenous glucose production. One subject’s 
stable isotope samples in early pregnancy were lost be- 
fore analysis. The average of the other five subjects’ 
stable isotope values in early pregnancy were used to 
estimate the results for this subject, to complete the 
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Fig. 4. Changes in basal endogenous glucose production corrected for fat-free mass (ffm) 
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data set. There was a significant 30% increase (Fig. 3, 
p = 0.0005) in basal endogenous glucose production 
by late gestation (pregravid 127.3 + 23.8, early gesta- 
tion 122.9 + 28.2, late gestation 166.2 + 20.2 
mg/min). The increase in basal endogenous glucose 
product:on occurred primarily from early to late ges- 
tation (ġ = 0.005). When basal endogenous glucose 
production was expressed as milligrams per kilogram 
fat-free mass per minute, there remained a significant 
(Fig. 4, p = 0.05) increase in basal endogenous glucose 
production by late pregnancy gestation (pregravid 
2.7 + 0.2, early gestation 2.6 + 0.3, late gestation 
3.1 + 0.4 mg/kg fat-free mass per minute). However, 
when basal endogenous glucose production was ex- 
pressed as milligrams per kilogram per minute, there 
was only a trend (p = 0.08) for an increase in basal 
endogenous glucose production (pregravid 2.2 + 0.3, 
early gestation 2.0 + 0.3, late gestation 2.4 + 0.3 
mg/kg per minute). 

Endogenous glucose production during the hyper- 
insulinemic-euglycemic clamp procedure. Endoge- 
nous glucose production was almost completely sup- 
pressed both before conception and throughout 
gestation (pregravid 0.29 = 0.29, early gestation 
0.18 + 0.23, late gestation 0.16 + 0.17 mg/kg fat-free 


mass per minute). There was >90% suppression of 
endogenous glucose production with insulin infusion 
during the hyperinsulinemic-euglycemic clamp pro- 
cedure when compared with basal glucose turnover 
(Fig. 5, p = 0.63). There were no significant differ- 
ences (4 = 0.22) in insulin concentrations (pregravid 
97.6 + 18.7, early gestation 80.7 + 14.4, 99.9 + 27.0 
U/ml) achieved during the hyperinsulinemic-eugly- 
cemic clamp procedure. 


Comment 


The results of this study show that there is a signif- 
icant 30% increase in basal endogenous glucose pro- 
duction at 34 to 36 weeks’ gestation in comparison with 
pregravid and 12 to 14 weeks’ gestation measurements. 
We believe that this increase in basal endogenous glu- 
cose production is a necessary adaptation of maternal 


-metabolism to meet the increasing carbohydrate re- 


quirements of the fetus and placenta. On the basis of 
the changes in fasting insulin and glucose concentra- 
tions alone, one could hypothesize that there is evidence 
for increased endogenous insulin sensitivity with ad- 
vancing gestation (Le., Increasing insulin concentra- 
tions resulting in decreased fasting glucose). However, 
the stable isotope data provide evidence for decreased 
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Fig. 5. Changes in basal endogenous glucose production corrected for fat-free mass (ffm) during 


insulin infusion (mean + SD). 


endogenous insulin sensitivity with advancing gestation 
(i.e., increased endogenous glucose production in spite 
of a significant increase in fasting insulin concentra- 
_ tion). Kalhan’ has noted that the decline in fasting glu- 
cose concentration could be the result of an increase in 
the volume of distribution of glucose during pregnancy 
or possibly an increase in carbohydrate utilization. 

Our results are in general agreement with the pre- 
vious studies of Kalhan et al.’ and Cowett et al.* Kalhan 
et al” showed by means of stable isotope methods 
(1—"C glucose) that there was no significant difference 
in the basal rate of glucose production in normal preg- 
nant women at term as compared with a nonpregnant 
control group when the data were expressed per ki- 
logram of body weight. However, when the data were 
expressed in relationship to pregravid weight, basal en- 
dogenous glucose production was 16% greater in the 
pregnant subjects than was expected in the nonpreg- 
nant subjects. 

Cowett et al. with another stable isotope, (U-"C glu- 
cose), evaluated basal endogenous glucose production 
in nine women with normal glucose tolerance in late 
gestation; they repeated the studies in seven of these 
women an average of 4.1 months post partum. The 
estimates of basal glucose production were similar when 
expressed per kilogram of body weight, but because of 
a 14% decrease in weight post partum the authors con- 


cluded that there was accelerated basal endogenous 
glucose production in late pregnancy. 

Our results differed from the previous studies in that 
in late gestation we observed a significant increase 
(p = 0.05) in basal endogenous glucose production 
when corrected for fat-free mass and atrend (p = 0.08) 
when the endogenous glucose production was ex- 
pressed per kilogram of body weight. The difference 
in results may be due in part to the prospective lon- 
gitudinal nature of our study design, which allowed us 
to evaluate the changes in basal endogenous glucose 
production in the same subjects over time. Further- 
more, there are no data as to whether pregnancy has 
any residual effects on postpartum basal endogenous 
glucose production measurements. Unfortunately, glu- 
cagon levels were not measured and the relationship 
of this hormone to endogenous glucose production 
during pregnancy could not be assessed. 

Our study subjects demonstrated almost complete 
suppression of endogenous glucose production both 
before conception and in early and late gestation. In- 
sulin infusions of 40 uU /m?/min have produced almost 
complete suppression of endogenous glucose produc- 
tion in normal subjects but are low enough to dem- 
onstrate impaired suppression in subjects with non-in- 
sulin-dependent diabetes mellitus.? Whether lower 
rates of insulin infusion would demonstrate impaired 
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suppression of endogenous glucose production in late 
gestation as compared with pregravid or early preg- 
nancy remains speculative. Last, because our study sub- 
jects were lean, the changes we observed in basal en- 
dogenous glucose production and suppression during 
insulin infusion may not apply to women expected to 
have decreased insulin sensitivity, such as obese preg- 
nant women or women with gestational diabetes. We 
are currently in the process of examining these ques- 
tions. : 

In summary, the longitudinal changes in basal en- 
dogenous glucose production and suppression with in- 
fusion cf insulin were evaluated in six nonobese women 
before and during gestation. We found a 30% increase 
in basal endogenous glucose production at 34 to 36 
weeks’ gestation. However, there was almost complete 
suppression of endogenous glucose production with 
insulin infusion both before and throughout preg- 
nancy. We believe that our data support the concept 
that the increase in basal endogenous glucose produc- 
tion in conjunction with increased fasting insulin con- 
centrations is evidence for decreased basal endogenous 
insulin sensitivity in late pregnancy. The increase in 
basal glucose production provides for the increase in 
fasting fetal and placental carbohydrate requirements 
of late gestation. In contrast, endogenous gluagse pro- 
duction remained sensitive to increased insulin con- 
centrations throughout gestation, as compared with the 
progressive decreased peripheral insulin sensitivity 
previously described.* Hence decreased peripheral in- 
sulin sensitivity may be the primary mechanism for pro- 
vision of postprandial fetal and placental carbohydrate 
requirements in late gestation in lean women with nor- 
mal oral glucose tolerance. 


We thank the nursing staff of the Clinical Research 
Center for their assistance, Dr. David Robbins and Pa- 
tricia Mead, MS, for performing the insulin assays, and 
Elizabeth Hiser, RD, John Hiser, MS, and Catherine 
Armstrong, BS, for their expert technical assistance. 
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Tumor necrosis factor-a in midtrimester amniotic fluid is 


associated with impaired intrauterine fetal growth 


Kent D. Heyborne, MD,’ Steven S. Witkin, PhD,’ and James A. McGregor, MD* 


Denver, Colorado, and New York, New York 


OBJECTIVE: To investigate whether abnormal immune system activation is involved in the pathogenesis 
of some instances of impaired fetal growth, we compared tumor necrosis factor-a levels in midtrimester 
amniotic fluid samples obtained from appropriate-for-gestatianal-age and small-for-gestational-age 


pregnancies. 


STUDY DESIGN: in a case-control study with the sensitive and specific WEHI cell assay, bioactive tumor 
necrosis factor-a levels in amniotic fluid samples from 24 gestations resulting in small-for-gestational-age 
infants were compared with levels in 35 samples obtained from gestations resulting in the birth of a term, 
appropriate-for-gestational-age infant. The two groups wers not significantly different with regard to 
indication for amniocentesis, maternal age, race, smoking history, parity, or other factors. 

RESULTS: Elevated amniotic fluid tumor necrosis factor-a activity was associated with 
small-for-gestational-age birth, p = 0.028. With a threshold of 10 pg/ml, elevated amniotic fluid tumor 
necrosis factor-a had a sensitivity of 48% for the detection of small-for-gestational-age birth, with a 


specificity of 83%. 


CONCLUSION: Elevated tumor necrosis factor-« in midtrimester amniatic fluid is associated with impaired 
intrauterine fetal growth. Abnormal immune system activation, as manifested by increased amniotic fluid 
tumor necrosis factor-a activity, may mediate impaired feta! growth in some cases. (Am J OBSTET GYNECOL 


1992;167:920-5.) 


Key words: Tumor necrosis factor-a, intrauterine fetal growth, cytokines 


Low birth weight (birth weight <2500 gm) remains 
the leading cause of perinatal morbidity and mortality 
worldwide.' Although most low-birth weight infants re- 
sult from preterm delivery, fully one third are term 
and small for gestational age (SGA, birth weight <10th 
percentile for gestational age)’; other infants may be 
born preterm with impaired growth. 

Impaired fetal growth is etiologically diverse. Drug 
exposure, congenital infection, genetic disorders, and 
chronic uteroplacental insufficiency are commonly as- 
sociated factors. Demographic risk factors include 
black race, low socioeconomic status, and smoking.’ Pla- 
cental abnormalities, including reduced placental size“ 
and inadequate invasion of the maternal spiral arteries 
by trophoblast,’ characterize SGA gestations in many 
cases. Abnormal maternal-fetal immune interaction, 
triggered by maternal recognition of fetal alloantigens, 
has been suggested as a factor in such deficient pla- 
centation. An infammatory lesion of the placenta, 
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termed chronic placental villitis, has been reported in 
association with SGA gestations, supporting this hy- 
pothesis. Some SGA infants are considered merely 
“constitutionally small,” with no recognized underlying 
pathologic condition. 

To investigate whether abnormal immune system ac- 
tivation may be involved in the pathogenesis of some 
instances of SGA, we conducted a case-control study 
comparing tumor necrosis factor-a (TNF-a) levels in 
midtrimester amniotic fluid specimens from pregnan- 
cies resulting in appropriate-for-gestational-age (AGA) 
and SGA births. TNF-a was selected for investigation 
because of its association with impaired cell growth. 


Niaterial and methods 


Amniotic fuid specimens were collected from Jan- 
uary 1989 through September 1990 from midtrimester 
ammniocenteses performed in a large, private practice 
genetics clinic. All patients had private health insur- 
ance. At the time of amniocentesis demographic and 
medical information was obtained by experienced ge- 
netic counselors. Amniotic fluid specimens were cen- 
trifuged (500 revolutions/min for 10 minutes) to re- 
move cellular components for karyotype determina- 
tion, and supernatants were frozen at — 20° C for later 
TNF-a assay. At the expected date of delivery follow- 
up questionnaires were sent to all patients. Responses 
were obtained from 2580 patients, representing an 80% 


Volume 167 
Number 4, Part 1 


Amniotic fluid tumor necrosis factor-a and impaired fetal growth 921 


Table I. Maternal characteristics and indications for amniocentesis. 


Group I: SGA Group 2: Control 
(n = 24) . (n = 35) Difference 


Age (yr) 
Gravidity 
Parity 
Race 
White 
Black 
Hispanic 
Other 
Smoker (>12 pack/day) 
Gestational age at amniocentesis (wk) 
Amniotic fluid a-fetoprotein (multiples of median) 
Indication for amniocentesis 
Maternal age 
High maternal serum a-fetoprotein 
Low maternal serum a-fetoprotein 
Other 


35.1 35.9 NS* 
2.4 2.7 NSt 
0.5 ' 0.9 NSt 

NS#t 

20 34 
l 0 
l ] 

2 0 
3 0 NSE 

16.3 16.6 NSt 

A y 0.94 NS* 
NSł 

18 30 
4 2 
l i 
l 2 


Age, gravidity, parity, gestational age at amniocentesis, and amniotic fluid a-fetoprotein are expressed as means. Characteristics 
are expressed as numbers of patients. No statistically significant differences exist between the two groups with regards to these 


characteristics. NS, Not significant. 
*By Student £ test. 
TBy Wilcoxon rank-sum test. 
+By Fisher’s exact test. 


response rate, and study patients were selected from 
this cohort. 

Patient information was stored on a computer data 
base (Revelation Technologies, New York City) for later 
retrieval. From this data base a total of 24 specimens 
was ideritified as coming from gestations that subse- 
quently resulted in SGA births (birth weight < 10th per- 
centile for gestational age as determined by the Colo- 
rado Intrauterine Growth Curve).’ Thirty-five samples 
(five samples from each week of gestation at time of 
amniocentesis, from 14 to 20 weeks) obtained from 
gestations that resulted in AGA births at term were 
randomly selected as controls. All specimens used in 
the study had normal karyotypic analysis, and gesta- 
tional age as determined by ultrasonography agreed 
with gestational age as determined by last menstrual 
period (within 1 week) in all cases. No patient in the 
study hag a history of maternal immune disease; one 
patient in the SGA group had chronic hypertension. 

Bioactive TNF-a was measured with a sensitive and 
specific WEHI cell assay, as described.* ° To determine 
if measured TNF-a bioactivity was attributable to TNF- 
a, murine monoclonal antibody to human TNF-a (ob- 
tained from Dr. L. Moldawer, Cornell University Med- 
ical College) was added to undiluted amniotic fluid sam- 
ples at a final concentration of 20 ug/ml and incubated 
for 30 minutes at room temperature. All TNF-a bioac- 
tivity was neutralized by the anti- TNF-a antibody. In- 
traassay and interassay coefficients of variation were 
8.5% and 10.1%, respectively. 

The Student ¢ test, Wilcoxon rank-sum analysis, Fish- 
er’s exact test, and logarithmic and logistic regression 


analysis (SAS, Cary, N.C.) were used, as appropriate, 
for statistical comparisons. 


Results 


Tables I and If compare the two groups with regard 
to maternal characteristics, indications for amniocen- 
tesis, and pregnancy outcome. Birth weight percentile 
was Calculated for each individual patient with the ges- 
tation-specific mean and 10th percentile weights from 
the Golorado Intrauterine Growth Curve,’ assuming a 
normal distribution. The groups were similar regard- 
ing maternal factors and amniocentesis indications. 
Birth weight, birth weight percentile, gestational age 
at delivery, length, and ponderal index (birth 
weight x 100 + length?) were all significantly lower in 
the SGA group, and preterm delivery and cesarean 
section were more common in the SGA group. 

The distribution of amniotic fluid TNF-a levels in 
SGA and AGA pregnancies are presented in Fig. 1. 
Levels of amniotic fluid TNF-œ in SGA pregnancies 
(median 10.5 pg/ml) were elevated over those from 
AGA pregnancies (median 4.0 pg/ml). Comparison by 
Wilcoxon rank-sum analysts demonstrated that ele- 
vated midtrimester amniotic fluid TNF-o is significantly 
associated with subsequent SGA birth, with p = 0.028. 
With a threshold of >10 pg/ml to define an abnormal 
test, elevated TNF-a in midtrimester amniotic fluid 
identifies SGA births with a sensitivity of 48% and a 
specificity of 83%. 

To investigate the relationship of TNF-a activity in 
amniotic fluid and preterm birth, the entire study pop- 
ulation was restratified by preterm birth (gestational 
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Table II. Pregnancy outcomes by group 


Gestational age at delivery (wk) 

Infant sex (male/female ratio) 

Birth weight (gm) 

Birth weight percentile 

Birth length (cm) 

Ponderal index [(Birth weight x 100)/Length*] 
Cesarean section 

Stillbirth 

Neonatal death 

Preterm delivery (<37 wk) 
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Difference 
35.9 39.4 p < 0.01* 
10:14 18:17 l NSt 
1812 3357 <0.01* 
4.3 61.3 p < 0.01* 
45.2 51.6 p< 0.01* 
2.16 2.46 < 0.01% 
14 10 p = 0.030 
l 0 NSt 
2 0 | NSt 
12 0 p<O.0lt 


The groups were statistically different as indicated. NS, Not significant. 


*By Wilcoxon rank sum test. 
+By Fisher's exact test. 


age at delivery <37 weeks, n = 12) or term birth 
(n = 47). Analysis by Wilcoxon rank-sum analysis failed 
to reveal a significant difference in TNF-a levels be- 
tween these groups, p = 0.3. Similarly, the SGA group 
was stratified by term versus preterm birth (n = 12 for 
each group); there was a trend toward elevated am- 
niotic fluid TNF-a levels in the term SGA group, 
p = 0.19. | 

To evaluate further the relationship between TNF- 
a levels and infant birth weight, logarithmic regression 
analysis was performed. The hypothesis under inves- 
tigation in this phase of the analysis was whether there 
is a dose-response relationship between increased am- 
niotic fluid TNF-a activity and decreased birth weight. 
Three outlying values from the control group (all 
greater than the median + 3.5 SD) were eliminated 
from the data set for the regression analysis. Possible 
explanations for these discrepant values are discussed 
below. Fig. 2 demonstrates the logarithmic regression 
analysis; to control for the effect of preterm birth, ges- 
tational age—specific birth weight percentile was used 
as the dependent variable. This model is significant, 
p = 0.013, r = —0.38. 


Comment 


This study demonstrates that elevated TNF-a in mid- 
trimester amniotic fluid is significantly associated with 
impaired intrauterine fetal growth. There is significant 
overlap in TNF-a levels between the AGA and SGA 
groups, and this is ‘to be expected, inasmuch as SGA 
birth is multifactorial. Some ‘infants may have been 
small for reasons unrelated to mechanisms investigated 
in this study, and some SGA infants may be constitu- 
tionally small without underlying pathologic condi- 
tions..Elevated TNF-a levels in some control patients 
may represent intercurrent maternal illness, technical 
difficulties in specimen collection or TNF-a assay (such 
as endotoxin contamination), or other factors. TNF-a 
levels are markedly less than those previously reported 


in conjunction with intraamniotic infection’? but are 
similar to previously reported levels of bioactive TNF- 
a in midtrimester amniotic fluid specimens.” 

The groups studied were drawn from a cohort of 
patients attending a private practice genetics clinic with 
well dated gestations, minimal maternal medical illness 
(one patient with chronic hypertension), and a low 
prevalence of demographic risk factors commonly as- 
sociated with SGA infarts. Reliable information re- 
garding pregnancy compiications associated with SGA, 
such as preeclampsia, is lacking because of the patient- 
provided follow-up. The only patient-provided data 
used in this study were date of birth, birth weight and 
length, infant sex, route of delivery, and occurrence of 
stillbirth or neonatal death. We considered that this 
information could reliably be obtained by patient ques- 
tionnaire. | 

‘Measurements of TNF-a are known to vary mark- 
edly, depending on the assay technique used, and 
most TNF-a in amniotic fluid is biologically inactive. 
Because of this, we chose the sensitive and specific 
WEHI bioassay for our znalysis.? The cause of elevated 
TNF-a levels in SGA samples is unknown but may be 
a marker of abnormal immune system activation. Sub- 
clinical infection, maternal response to the invading 
fetal allograft, or disordered cytokine regulation are 
possible explanations. There are multiple potential 
sources for TNF-a found in amniotic fluid. Tropho- 
blast and decidua have both been shown to produce 
TNF-a.'” '? Macrophages present at the maternal-fetal 
interface are known producers of TNF-a.” Finally, the 
fetus itself may contribute to TNF-a production.” 

_ TNF-a may mediate impaired fetal growth in some 
cases; the logarithmic regression analysis demonstrates 
a dose-response relationship between TNF-e« activity in 
amniotic fluid and birth weight percentile, supporting 
biologic links between TNF-a and fetal growth beyond 
the simple association shown by the two-sample infer- 
ence. Several mechanisms linking TNF-a and growth 
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Fig. 2. Logarithmic regression analysis demonstrating a dose-response relationship between elevated 
TNF-a levels and decreased birth weight percentile (birth weight percentile = 58.1 — 11.8 In [TNF- 
a]; significance level for the model p = 0.013, r = — 0.38). 


impairment are possible. TNF-a, also known as cach- 
ectin, causes wasting in association with sepsis, chronic 
infection, and cancer'®; this phenomenon is mediated 
in part by interference with lipid metabolism. The an- 
thropomorphic characteristics of infants with intra- 
uterine growth retardation may reflect TNF-a me- 
diated cachexia. The SGA group had a significantly 
lower ponderal index than the control group, sup- 
porting a component. of intrauterine growth retarda- 
tion in this group. Alternatively, impaired growth may 
be mediated by abnormal placental function.” TNF-a 
either administered directly or induced by lipopolysac- 
charide injection has been demonstrated to cause pla- 
cental hemorrhage and abortion in rabbits, mice, and 
rats, Specific inhibition of TNF-a with pentoxy- 
phylline inhibits this process, suggesting a specific effect 
of TNF-a.” TNF-a receptors have been demonstrated 
on trophoblast,” and TNF-a inhibits growth of tro- 
phoblast as measured by deoxyribonucleic acid metab- 
olism and cellular proliferation.” * It is interesting that 
these samples are obtained at a time in gestation when 
placental development and spiral artery invasion is cul- 
minating; increased TNF-a activity may be related to 
disorders of this process. TNF-a is directly toxic to 
endothelium and may damage the decidual vascula- 
ture. Finally, TNF-a interferes with the anticoagulant 
system and may induce placental thrombosis.” 

In summary, elevated TNF-a activity in midtrimester 


amniotic fluid is significantly associated with impaired 
fetal growth. Multiple mechanisms have been suggested 
by which TNF-a may mediate some cases of SGA. Fu- 
ture studies repeating this work, measuring TNF-a and 
other cytokines within the uteroplacental unit and am- 
niotic fluid, and correlating these abnormalities with 
placental pathologic conditions are under way. In- 
creased understanding of mechanisms involved in im- 
paired fetal growth may allow for the development of 


- etiology-based preventicn and treatment strategies. 


We thank George Henry, MD, Reproductive Genet- 
ics, P.C., Denver, Colorado, for providing amniotic 
fluid samples and patient information for this study. 
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Low-dose aspirin inhibits lipid peroxides and thromboxane but 
not prostacyclin in pregnant women 


Scott W. Walsh, PhD; Yuping Wang, MD, Helen H. Kay, MD, and 


M. Cathleen McCoy, MD? 
Richmond, Virginia, and Durham, North Carolina 


OBJECTIVE: Preeclampsia is associated with an imbalance of increased thromboxane and decreased 
prostacyclin and an abnormal increase of lipid peroxides. Lipid peroxides are toxic compounds that 
damage cells and inhibit prostacyclin synthesis. Low-dose aspirin therapy reduces the incidence of 
preeclampsia, presumably by selective inhibition of thromboxane to restore a balance between 
thromboxane and prostacyclin. However, the effectiveness of low-dose aspirin might also relate to 


inhibition of lipid peroxides. 


STUDY DESIGN: To test this hypothesis, 10 women at risk of preeclampsia were placed on low-dose 
aspirin therapy (81 mg/day) between 9 and 34 weeks of gestation. Plasma samples were collected before 
‘and after 3 to 4 days and 3 to 4 weeks of aspirin therapy. Samples were analyzed for thromboxane and 
prostacyclin by radioimmunoassay of their stable metabolites, thromboxane B, and 6-keto-prostaglandin 


Fio and for lipid peroxides by hydrogen peroxide equivalents. 


RESULTS: Low-dose aspirin significantly decreased (p < 0.05) both lipid peroxides (130 + 18 vs 

92 + 11 and 68 + 9 nmol/ml, mean + SE) and thromboxane (502 + 67 vs 138 + 67 and 8 + 

5 pg/mi),but it did not affect prostacyclin (55 + 10 vs 41 + 8 and 40 = 11 pg/ml, p > 0.1). 
CONCLUSION: Low-dose aspirin selectively inhibits both lipid peroxides and thromboxane without 
affecting prostacyclin. Inhibition of both lipid peroxides and thromboxane by low-dose aspirin reveals a new 
mechanism of action and may account for its effectiveness in the prevention of preeclampsia. (Am J 


OBsTET GYNECOL 1992;167:926-30.) 


Key words: Lipid peroxides, thromboxane, prostacyclin, preeclampsia, aspirin 


Preeclampsia is associated with an imbalance of in- 
creased thromboxane and decreased prostacyclin." * 
Low-dose aspirin therapy reduces the incidence of pre- 
eclampsia,*® presumably by selective inhibition of 
thromboxane to restore a balance between thrombox- 
ane and prostacyclin. However, this may not be the only 
mechanism for low-dose aspirin. 

Lipid peroxides are also abnormally increased in ma- 
ternal blood®* and placentas’® of preeclamptic women. 
Lipid peroxides are toxic compounds that damage cells 
and inhibit prostacyclin synthase.'''’ They could be the 
compounds responsible for endothelial cell damage 
and decreased prostacyclin levels in preeclampsia. 

Increased thromboxane may be coupled with in- 
creased lipid peroxides by the cyclooxygenase enzyme, 
because cyclooxygenase activity generates not only 
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thromboxane but also oxygen radicals.'* When oxygen 
radicals interact with polyunsaturated fatty acids they 
form lipid peroxides. Therefore low-dose aspirin ther- 
apy should decrease both thromboxane and lipid per- 
oxides by inhibiting cyclooxygenase (Fig. 1). The fol- 
lowing study was done to test this hypothesis. 


Material and methods 


Ten women at risk for preeclampsia were placed on 
low-dose aspirin therapy (81 mg/day) between 9 and 
34 weeks of gestation. Two of the patients had pre- — 
eclampsia in a previous pregnancy, five had chronic 
hypertension, two had type II diabetes and hyperten- 
sion, and one had lupus erythematosus. Institutional 
approval was obtained to conduct this study. Plasma 
samples (10 ml into tubes containing lithium heparin) 
were collected by venipuncture before and after 3 to 4 
days and 3 to 4 weeks of aspirin therapy. The plasma 
was separated by centrifugation and stored at — 80° C 
until assayed. 

Samples were analyzed for thromboxane and pros- 
tacyclin by specific radiotmmunoassays of their stable 
metabolites, thromboxane B, (T'XB,) and 6-keto-pros- 
taglandin F,, (6-keto-PGF,,), respectively, as prevously 
described." The assays consisted of competitive bind- 
ing of radioactive and natural TXB, or 6-keto-PGF,, to 
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Fig. 1. Mechanism whereby aspirin (ASA) can inhibit synthesis-of both thromboxane (TX) and lipid 
peroxides (LPO), AA, Arachidonic acid; PG, prostaglandin; -O~*, oxygen radical. 
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Fig. 2. Maternal plasma levels of lipid peroxides were significantly decreased after only 3 to 4 days 
of aspirin (ASA) therapy and even further decreased after 3 to 4 weeks. H,0,, Hydrogen peroxide. 
Asterisk, b < 0.05; two asterisks, p < 0.01. Data represent mean + SE. 


specific antibodies. Dextran-coated charcoal was used 
to separate the bound from the free fraction. The an- 
tibodies and standards were purchased from Advanced 
Magnetics, Cambridge, Massachusetts, and the radio- 
active trace from New England Nuclear/Dupont, Bos- 
ton, Massachusetts. 

Lipid peroxides were estimated by a method specific 
for peroxides, glutathione peroxidase/glutathione re- 
ductase oxidation of reduced nicotinamide adenine di- 
nucleotide phosphate (NADPH).'° Glutathione perox- 
idase nonspecifically degrades organic peroxides using 
glutathione as its cofactor, yielding glutathione disul- 
fide. Glutathione reductase then regenerates glutathi- 
one from glutathione disulfide at the expense of 
NADPH. The reaction is stoichiometric and can be 
monitored by absorbance of NADPH at 340 nm. With 


all reagents in excess the peroxide content is limiting 


_ and can be precisely determined because it is equivalent 


to the loss of NADPH. We used hydrogen peroxide to 
generate a standard curve that was then used to de- 
termine peroxide equivalents in plasma samples. A 100 
wl aliquct of plasma was used in the assay. NADPH was 
measured by an ultraviolet split-beam spectrophoto- 
meter at an absorption of 340 nm (Spectronic 1001, 
Milton Roy, Rochester, N.Y.). Double-distilled water 
was used as control. The results were expressed as hy- 
drogen peroxide equivalents. This method yielded re- 
producible, linear standard curves. Recovery of exog- 
enously added hydrogen peroxide to plasma samples 
was 98%. Within- and between-assay variations were 
6.8% and 3.2%, respectively. 

Statistical analysis was performed by a one-way anal- 
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Fig. 3. Maternal plasma TX levels were also significantly decreased by low-dose aspirin (ASA) therapy. 


Three asterisks, p < 0.001. 


ysis of variance and Newman-Keuls test. A statistical 
computer software program was used (SYSTAT, Ev- 
anston, Ill.). 


Results 


Maternal plasma levels of lipid peroxides were sig- 
nificantly decreased after only 3 to 4 days of aspirin 
therapy and even further decreased after 3 to 4 weeks 
(Fig. 2). Before aspirin therapy the concentrations av- 
eraged 130 + 18 nmol/ml. (Data represent mean + 
SE.). After 3 to 4 days of aspirin the concentrations 
were significantly reduced to 92 + 11 nmol/ml (p< 
0.05) and after 3 to 4 weeks were further reduced to 
68 + 9 nmol/ml {p < 0.01). 

Maternal thromboxane levels were also significantly 
decreased by low-dose aspirin therapy (Fig. 3). Before 
aspirin the concentrations were 502 + 67 pg/ml, but 
after 3 to 4 days they decreased to 138 + 67 pg/ml 
(p< 0.001) and after 3 to 4 weeks to 8 + 5 pg/ml 
{p < 0.001). In contrast to lipid peroxides and threm- 
boxane, prostacyclin levels were not significantly de- 
creased by maternal low-dose aspirin therapy (Fig. 4). 
The concentrations were 55 + 10 pg/ml before aspirin 
therapy, 41 + 8 pg/ml after 3 to 4 days (p > 0.1), and 
40 + 11 pg/ml after 3 to 4 weeks (p > 0.1). 


Comment 

Low-dose aspirin therapy for women at risk of de- 
veloping preeclampsia significantly decreased the 
plasma levels of both lipid peroxides and thromboxane 


without significantly affecting the levels of prostacyclin 
(Figs. 2 to 4). The dual action of aspirin to inhibit both 
lipid peroxides and thromboxane is fortuitous because 
both compounds are abnormally elevated in pre- 
eclampsia. The primary mechanism of action of aspirin 
is inhibition of the cyclooxygenase enzyme. Cyclooxy- 
genase (prostaglandin H, synthase) is actually com- 


-posed of two enzymatic functions: the cyclooxygenase 


function converts arachidonic acid to prostaglandin G, 
and the peroxidase function converts prostaglandin G, 
to prostaglandin H,, which is then converted to TX or 
prostaglandins (Fig. 1). Oxygen radicals are generated 
by the peroxidase function during the conversion of 
prostaglandin G, to prostaglandin H..'*'® Aspirin in- 
hibits the cyclooxygenase function of the enzyme by 
acetylation, thus preventing the synthesis of prosta- 
glandin G, and the generation of thromboxane and 
oxygen radicals. With the generation of oxygen radicals 
inhibited, the production of lipid peroxides theoreti- 
cally should decrease. The data presented in this study 
provide support for the hypothesis that thromboxane 
and lipid peroxide syntheses are coupled by the cy- 
clooxygenase enzyme by demonstrating that aspirin 
therapy inhibited both compounds. 

Other workers have also found that low doses of 
aspirin selectively inhibit thromboxane without affect- 
ing prostacyclin concentrations in the maternal circu- 
lation.'”'® The doses of aspirin most commonly used 
are either 60 or 81 mg/day. A dose of aspirin lower 
than this, 20 mg/day, is without effect.” The aspirin 
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Fig. 4. In contrast to lipid peroxides and thromboxane, prostacyclin levels in maternal plasma were 
not significantly decreased by maternal low-dose aspirin (ASA) therapy (not significant, p > 0.1). 


doses of 60 and 81 mg/day decrease maternal TXB, 
concentrations by 47% to 98%, but maternal concen- 
trations of 6-keto-PGF,, are either unchanged or de- 
creased only slightly'”; therefore the concentration 
ratio of thromboxane to prostacyclin is decreased by 
the 60 and 81 mg/day doses. 

The mechanism of low doses of aspirin that selec- 
tively inhibit thromboxane without affecting prosta- 
cyclin is not known. Both thromboxane and prostacy- 
clin are arachidonic acid metabolites of the cyclooxy- 
genase pathway, and higher doses of aspirin inhibit 
both eicosanoids. Compartmentalization of thrombox- 
ane and prostacyclin synthesis may provide an answer. 
In che maternal circulation thromboxane is synthesized 
primarily by the platelets, whereas prostacyclin is syn- 
thesized primarily by the endothelial cells. Platelets 
have a limited life span of only 8 to 11 days and cannot 
synthesize new cyclooxygenase because they do not 
have a nucleus. Therefore once platelet cyclooxygenase 
is inhibited, it is inhibited for the life span of the plate- 
let. On the other hand, endothelial cells do have a nu- 
cleus and so can resynthesize cyclooxygenase after in- 
hibition by aspirin. After a single dose of aspirin platelet 
thromboxane production is suppressed for 2 days and 
only gradually recovers,” but endothelial cell produc- 
tion of prostacyclin completely recovers within 36 
hours.” 

Little is known about the regulation or source of lipid 
peroxides in preeclamptic pregnancy. Lipid peroxides 
are formed when oxygen radicals interact with poly- 


unsaturated fatty acids. Because the placenta is a rich 
source of polyunsaturated fatty acids, it is a likely source 
of lipid peroxides during pregnancy. The significant 
increase in placental thromboxane production in 
preeclampsia! suggests increased cyclooxygenase activ- 
ity in the placenta, which would lead to the generation 
of oxygen radicals. The interaction of the oxygen rad- 
icals with the placental polyunsaturated fatty acids 
could then lead to increased placental production of 
lipid peroxides. This idea is supported by the recent 
findings that both the tissue levels and production rate 
of lipid peroxides are significantly higher in placentas 
obtained from women with preeclampsia than those 
from women with normal pregnancies.'’® " Further- 
more, low doses of aspirin inhibit production of both 


‘lipid peroxides and thromboxane in the placenta,” sim- 


ilar to what we have reported here for the maternal 
circulation. 

Another potential source of increased lipid peroxides 
in preeclampsia is maternal circulating lipoproteins, 
which are increased in preeclamptic women.** As the 
lipoproteins perfuse the maternal intervillous space, 
the fatty acid portions could be exposed to increased 
levels of oxygen radicals generated by placental cy- 
clooxygenase and thus be converted to lipid peroxides. 

‘The suppression of plasma thromboxane levels was 
quite remarkable, with almost complete suppression af- 
ter 3 to 4 weeks of aspirin therapy. The suppression of 
lipid peroxide levels was not as dramatic, decreasing 
only 48% after 3 to 4 weeks of aspirin therapy. The 
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fact that lipid peroxide levels were not suppressed to 
the same degree as thromboxane suggests that cy- 
clooxygenase associated with thromboxane synthesis is 
only one source of oxygen radicals for the formation 
of lipid peroxides. Therefore a more complete suppres- 
sion of lipid peroxide levels might be accomplished by 
combining low-dose aspirin therapy with an antioxidant 
such as vitamin E. We recently reported that the ab- 
normally increased levels of lipid peroxides in the blood 
of preeclamptic women were associated with abnor- 
mally decreased levels of vitamin E?; therefore com- 
bining low-dose aspirin therapy with vitamin E supple- 
mentation might be beneficial and further improve 
clinical outcomes of preeclamptic patients. 

Inhibition of lipid peroxides and thromboxane by 
low-dose aspirin therapy reveals a new mechanism of 
action that, to our knowledge, has previously not been 
considered. Because both thromboxane and lipid per- 
oxides are abnormally increased in women with pre- 
eclampsia, inhibition of both thromboxane and lipid 
peroxides by. low-dose aspirin may account for its ef- 
fectiveness in the prevention of preeclampsia. 
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Magnesium sulfate therapy in preeclampsia is associated with 
increased urinary cyclic guanosine monophosphate excretion 


John R. Barton, MD, Baha M. Sibai, MD, Robert A. Ahokas, MD, W. David Whybrew, MS, 


and Brian M. Mercer, MD 


Memphis, Tennessee 


OBJECTIVE: Our objective was to determine if maternal urinary cyclic guanosine monophosphate levels 


are altered in preeclampsia. 


STUDY DESIGN: Aliquots from 24-hour urine samples collected from 57 women with preeclampsia and 14 
normotensive pregnant women in the third trimester of pregnancy were assayed for urinary cyclic 
guanosine monophosphate. Urinary cyclic guanosine monophosphate values were expressed per milligram 


of urinary creatinine to standardize for renal function. 


RESULTS: There was no difference in gestational age at time of urine collection between the two groups. 
Urinary cyclic guanosine monophosphate levels (mean + SD) were similar between normotensive and 
preecianptic pregnant women (751 + 498 vs 632 + 363 pmol/mg urinary creatinine, respectively, 

p = 0,12). Preeclamptic women receiving magnesium sulfate had significantly higher levels of urinary 
cyclic guanosine monophosphate than those not receiving magnesium sulfate (786 + 360 vs 555 + 344 


pmol/mg urinary creatinine, respectively, p = 0.02). 


CONCLUSIONS: These preliminary results indicated that cyclic guanosine monophosphate excretion 
increases in patients with preeclampsia during magnesium sulfate infusion. The vascular smooth muscle 
relaxation effects of magnesium sulfate may be mediated by directly increasing cyclic guanosine 
monophosphate production or indirectly through endothelium-derived relaxing factor. {Am J OBSTET 


GYNECOL 1992;167:931-4.) 


Key words: Preeclampsia, urinary cyclic guanosine monophosphate, endothelium-derived 


relaxing factor 


The vascular endothelium plays a prominent but 
complex role in the regulation of vessel tone and reac- 
tivity. Endothelium-derived relaxing factor (EDRF) is 
one of the several known mediators of vascular smooth 
muscle relaxation. EDRF ts believed to be nitric oxide, 
or a nitric’ oxide—containing S-nitrosothiol, derived 
from the oxidation of the guanidino nitrogen atom of 
the amino acid L-arginine.’ It diffuses readily into ad- 
jacent vascular smooth muscle cells and stimulates sol- 
“uble guanylate cyclase production of cyclic 3'5’-guanine 
monophosphate with resultant relaxation.” Assays for 
EDRFE-and nitric oxide are technically hindered because 
of the short half-lives of these substances. Cyclic nu- 
cleotides, such as cyclic guanosine monophosphate, are 
more stable and can be recovered and assayed from 
urinary samples.” 

Preeclampsia is characterized by vasospasm, reduced 
blood flow to various organs, and endothelial cell dam- 
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age. Numerous authors have hypothesized that en- 
dothelium-derived substances such as EDRF may play 
a central role in the pathophysiology of preeclampsia. 
We investigated maternal urinary cyclic guanosine 
monophosphate levels as a potential indicator of EDRF 
activity. In that cyclic guanosine monophosphate is an 
apparent second messenger in the cascade of effects of 
EDRF, we hypothesized that cyclic guanosine mono- 
phosphate levels should be decreased in clinical situa- 
tions of decreased EDRF activity. The purpose of this 
study therefore was to determine if maternal urinary 
cyclic guanosine monophosphate levels are altered in 
preeclamspia and if magnesium sulfate infusion influ- 
ences maternal urinary cyclic guanosine monophos- 
phate levels in preeclamptic pregnant women. 


Material and method 

The patients participating in this study were re- 
cruited from among those managed at E.H. Crump 
Women’s Hospital, University of Tennessee, Memphis. 
Inclusion and exclusion criteria were as follows: For the 
normotensive group patients with a gestational age of 
25 to 40 weeks were included or excluded if they had 
any obstetric or medical complication of pregnancy or 
were in active labor. Patients with preeclampsia were 
excluded if they had other obstetric or medical com- 
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Preeclampsia 


Fig. 1. Urinary cyclic guanosine monophosphate (GMP) per urinary creatinine ratio in third-trimester 


normotensive and preeclamptic women. 


Table I. Comparison of urinary cyclic guanosine monophosphate excretion in third-trimester 


normotensive and preeclamptic women 


Gestational age 
(wk) 


Cyclic guanosine monophosphate 
(pmol/mg creatinine) 


Normotensive (n = 14) 32.9 + 3.3 751 + 498* 

Preeclampsia (n = 57) -> 34.1 + 3.8 632 + 363 
Without magnesium sulfate (n = 38) 34.6 + 3.5 555 + 344*} 
With magnesium sulfate (n = 19) 33.4 + 4.0 786 + 3607 


Values are mean + SD. 


*p = 0.12 (comparison of normotensive women with preeclampuc women without magnesium sulfate). 
tp = 0.02 (comparison of preeclamptic women with and without magnesium sulfate). 


plications of pregnancy or were in active labor. All pa- 
tients had singleton pregnancies, and none had any 
evidence of bleeding or fetal distress on admission. 
With the patient’s consent 50 ml aliquots were with- 
drawn from 24-hour urine collections previously ob- 
tained for creatinine clearance and total protein deter- 
mination. Aliquots were stored at —70° C until ana- 
lyzed. 

_ Seventy-one pregnant women between 25 and 40 
weeks’ gestation were studied; 14 were normotensive 
and 57 had preeclampsia. Urinary cyclic guanosine 
monophosphate levels were analyzed with a nonacet- 
ylated cyclic guanosine monophosphate-specific iodine 


125 radioimmunoassay technique (Amersham Corpo- 
ration, Arlington Heights, Ill.). Briefly, 1 ml of urine 
was acidified with 250 jl of 2 mol/L hydrochloric acid 
and centrifuged for 5 minutes at 10,000g. Duplicate 
100 yl aliquots of acidified supernatant were taken for 
assay. The sensitivity of the nonacetylation assay (2 SD 
of zero-point binding) was 5 fmol. 

Urinary cyclic guanosine monophosphate levels were 
expressed as picomoles per milligram of urinary cre- 
atinine to standardize for renal function. Urinary cyclic 
guanosine monophosphate levels were compared with 
the Mann-Whitney U test. A value of p < 0.05 was con- 
sidered significant. 
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Fig. 2. Urinary cyclic guanosine monophosphate (GMP) per urinary creatinine ratio in thirc-trimester 
preeclamptic women with and without magnesium sulfate therapy. 


Results 


Table I summarizes the gestational age and urinary 
cyclic guanosine monophosphate levels among the nor- 
motensive women and those with preeclampsia. There 
were no significant differences in maternal or gesta- 
tional age between the normotensive and preeclamptic 
groups at the time of urine sampling. Further, although 
the mean urinary cyclic guanosine monophosphate 
levels were decreased in the preeclamptic women not 
receiving magnesium sulfate compared with normo- 
tensive controls (p = 0.12), the substantial range in val- 
ues precluded statistical significance (Fig. 1). However, 
as depicted in Fig. 2, preeclamptic women receiving 
magnesium sulfate had significantly higher levels of 
cyclic guanosine monophosphate than those not re- 
ceiving magnesium sulfate (p = 0.02). 


Comment 


Human gestation is associated with systemic vasodi- 
latation and a decrease in maternal blood pressure. 
When preeclampsia develops, however, vasospasm, re- 
duced blood flow to various organs, and endothelial 
cell damage occur.** Because endothelial cell injury and 
vasospasm are consistent findings in preeclampsia, nu- 
merous authors have hypothesized that endothelium- 
derived substances such as EDRF may play a central 


pathophysiologic role in preeclampsia. Because cyclic 
guanosine monophosphate is a second messenger for 
several vasodilatory hormones, we hypothesized that 
vascular production of cyclic guanosine monophos- 
phate would decrease during pregnancies compli- 
cated by preeclampsia. Although the mean urinary 
cyclic guanosine monophosphate levels were decreased 
in preeclamptic women not receiving magnesium sul- 
fate compared with normotensive controls, the differ- 
ence did not achieve statistical significance. Because of 
the small sample size and large variation in measure- 
ment, the possibility of type IJ statistical error certainly 
exists. There was, however, a statistically significant dif- 
ference in mean urinary cyclic guanosine monophos- 
phate levels between preeclamptic pregnant women 
recelving and those not recieving magnesium sulfate 
therapy. 

Data for cyclic guanosine monophosphate produc- 
tion and excretion in human gestation are limited. 
Kopp et al.° evaluated urinary excretion of cyclic gua- 
nosine monophosphate in 89 normal pregnant women. 
They nated a rapid increase in urinary cyclic guanosine 
monophosphate excretion during the first trimester, 
after which it remained relatively constant throughout 
the remainder of pregnancy. The peak urinary excre- 
tion of cyclic guanosine monophosphate was approxi- 
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mately 140% greater in pregnancy compared with that 
in normal nonpregnant women.® 

Investigations in the rat model have documented in- 
creased plasma levels and urinary excretion of cyclic 
guanosine monophosphate during gestatior:.° These el- 
evations were detected in spite of an unchanged met- 
abolic clearance of cyclic guanosine monophosphate 
throughout gestation in chronically instrumented ani- 
mals. The authors hypothesized that the increases in 
cyclic guanosine monophosphate reflected augmented 
tissue production of cyclic guanosine monaphosphate, 
with a possible contribution of enchanced cellular ef- 
flux.’ Further, from experiments in pregnancy and 
pseudopregnancy in the rat model, hormones elabo- 
rated by the fetoplacental unit are not necessary for 
the rise in urinary excretion of cyclic guanosine mono- 
phosphate.’ 

In North America magnesium sulfate has been used 
for seizure prophylaxis in women with preeclampsia 
for >60 years. In addition to its antiseizure activity, 
beneficial effects of magnesium sulfate in preeclampsia- 
eclampsia include increased uterine blood flow, in- 
creased prostacyclin release by endothelial cells, atten- 
tuation of vascular response to pressor substances, and 
reduced platelet aggregation.’ The magnesium ion has 
several known effects on vascular smooth muscle, in- 
cluding interference with multiple cellular mechanisms 
involving calcium binding and transport. 

From this preliminary investigation, it is unclear as 
to the exact mechanism of magnesium sulfate influence 
on urinary cyclic guanosine monophosphate excretion 
in preeclamptic pregnant women. Four possibilites are 
as follows: (1) Magnesium sulfate may directly influence 
and increase EDRF production and therefore increase 
vascular smooth muscle second-messenger cyclic gua- 
nosine monophosphate. (2) Magnesium sulfate may di- 
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rectly stimulate guanosine cyclase in the smooth muscle 
or in platelets to increase cyclic guanosine monophos- 
phate. (3) Magnesium sulfate may enhance urinary ex- 
cretion of cyclic guanosine monophosphate by improv- 
ing renal hemodynamics. (4) Magnesium may compete 
with calcium and alter calaum-dependent regulatory 
mechanisms of cyclic guanosine monophosphate pro- 
duction or excretion. 

There are numerous sites of synthesis of cyclic gua- 
nosine monophosphate and it plays an important role 
in physiologic activities such as smooth muscle relaxa- 
tion and platelet aggregation. Further experimentation 
will be necessary to elucidate the exact source of the 
increased cyclic guanosine monophosphate excretion 
noted during magnesium sulfate infusion in pre- 
eclamptic pregnant women. 
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Cerebral imaging in eclampsia: Magnetic resonance imaging 


versus computed tomography 


Margaret A. Dahmus, MD, John R. Barton, MD, and Baha M. Sibai, MD 


Memphis, Tennessee 


OBJECTIVES: Our objectives were to study the cerebral pathophysiology of eclampsia with the 
noninvasive technique of magnetic resonance imaging to compare the ability of magnetic resonance 
imaging to detect cerebral abnormalities in eclampsia with that of computed tomography. 

STUDY DESIGN: Twenty-four patients with eclampsia received both magnetic resonance imaging and 


computed tomographic scanning. 


RESULTS: Forty-six percent of the magnetic resonance imaging was abnormal and 33% of the computed 
tomography was abnormal. This higher incidence of abnormal magnetic resonance imaging scans was 
present in spite of the fact that they were obtained significantly longer after the patient's seizure activity. 
The most common abnormalities were corticol, subcortical, and white matter edema. 

CONCLUSION: Magnetic resonance imaging and computed tomographic scan abnormalities in eclampsia 
are usually similar. Cerebral imaging is not necessary in patients with uncomplicated eclampsia. (Am J 


OBSTET GYNECOL 1992;157:935-47.) 


Key words: Magnetic resonance imaging, eclampsia, computed tomography, hypertensive 


encephalopathy 


Eclampsia still kills.’ Its incidence varies from 0.03% 
to 0.9% of deliveries with a mortality of <0.5% when 
excellent intensive care is available.? The cerebral com- 
plications of eclampsia account for many of these 
deaths.’ Various imaging modalities have been used 
to exclude serious central nervous system pathologic 
conditions, such as hemorrhage, tumor, abscess, an- 
eurysm, arteriovenous malformation, sagittal sinus 
thrombosis, or infarction. These studies have added to 
our ceretral pathophysiologic knowledge regarding 
central nervous system abnormalities in eclampsia, but 
important questions remain unresolved. Although 
eclamptic patients may initially manifest a variety of 
neurologic abnormalities, including cortical blindness, 
focal moter deficits, and coma, most of them have no 
permanent neurologic deficits.” These transient neu- 
rologic abnormalities are probably due to a temporary 
insult, such as hypoxia, ischemia, or edema. 

Arteriography and computed tomography (CT) have 
been used in eclamptic patients. Magnetic resonance 
imaging (MRI) permits noninvasive evaluation of these 
patients and provides physiologic information without 
the need ofa contrast agent. Specific imaging sequences 
can be used to detect physiologic tissue abnormalities 
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such as edema and nonacute hemorrhage. For exam- 
ple, “T, weighted images” show excellent gray or white 
matter differentiation and spatial resolution, thereby 
providing detailed anatomic images. “T, weighted im- 
ages” provide more physiologic information and detect 
pathologic conditions better. To further study the 
pathophysiology of eclampsia, we obtained MRI scans 
in 24 eclamptic patients and correlated the imaging 
findings with the patient’s clinical course. In addition, 
all patients received CT scanning, allowing us to com- 
pare the ability of the two modalities to detect cerebral 
pathologic conditions. 


Material and methods 


Twenty-four unselected pregnant or early postpar- 
tum patients with seizure activity received MRI and CT 
scans between August 1986 and March 1991. In this 
same time period, 111 eclamptic patients were treated 
at the E.H. Crump Women’s Hospital. The data were 
collected prospectively. All patients had a final diag- 
nosis of eclampsia.” Informed consent was obtained for 
the MRI scans. The MRI unit used was a Siemens 1.0 
T superconducting magnet. The specific imaging se- 
quences used included spin echo T,- and T,-weighted 


images to obtain the desired physiologic information. 


The specific T,-weighted imaging sequence used was 
TR600/TEI7 (where TR is repetition time in milli- 
seconds and TE is echo time in milliseconds). The spe- 
cific Ty-weighted imaging sequence used was 
TR2500/TE25-90. No intravenous contrast medium 
was used. The MRI scans were obtained from the day 
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Table I. Comparison of patients with normal and abnormal MRI and CT scans {n = 24) 


a 


Total no. of cases 13 
Age (yr) (median) 18 
No. of seizure (median) 2 
Neurologic deficit on admission 1 
(n = 6) 
Neurologic deficit at time of scan 0 
(n = 3 for MRI, n = 5 for 
CT) 
Scan timing (days after seizure) 6 
Hospitalization (median days) 8 


*Scan performed <24 hours after seizure. 


Table IT. MRI and CT scan abnormalities (n = 11) 


Cerebral Parietal-occipital Supratentorial 
cortex border zone white matter 


MRI 9 8 
CT 6 5 


em 
I1 16 8 
20 19 18.5 
1 1.5 1.5 
5 2 4 
3 2 3 
5 O* l 
8 7.5 8.5 
Deep gray 
matier” 
2 3 
5 3 


Note: Some patients had abnormalities in more than one location. 


*Includes basal ganglia and capsular area. 


of the first seizure activity up to 18 days later. Sched- 
uling difficulties prevented coincident timing with the 
CT scans. The scan obtained at 18 days was an out- 
patient examination, rescheduled after the first attempt 
failed due to claustrophobia. All but one of the CT 
scans was obtained within 24 hours of the patient’s ini- 
tial seizure activity. The remaining scan was obtained 
within 48 hours. For antepartum patients a lead-lined 
apron was placed over the abdomen for the small 
amount of scatter radiation. The CT scans were per- 
formed on a Siemens DR3 (third generation) scanner. 
All patients had scans without intravenous contrast me- 
dium. Ten (42%) of the patients subsequently had scans 
enhanced with intravenous contrast medium. The CT 
scanning was performed first, followed at varying in- 
tervals by MRI scanning. Generally, different radiolo- 
gists evaluated the CT and MRI scans. In the first read- 
ing the radiologists were not blinded to the patient’s 
CT results when evaluating the MRI scans. Later, a 
single radiologist interpreted all of the CT and MRI 
scans again. This radiologist was blinded to the results 
of the patient’s other imaging study. In all cases the 
radiologists were only given the history of “seizures in 
pregnancy” or “seizures in the early postpartum pe- 
riod.” Discrepancies between the evaluations were 
noted in only three cases, and these were resolved with 
reevaluation. 


Results 


The median age of the patients was 18.5 years (range 
14 to 36). Six patients had a focal neurologic deficit at 


§ 


the time of admission. The median duration of hos- 
pitalization was 8 days (range 5 to 23). None of the 
patients died. 

Eleven (46%) of the 24 MRI scans were abnormal 
(Table I). The most common findings were cortical and 
subcortical areas of high signal intensity on the T.- 
weighted images in the posterior parietal and occipital 
lobes. These abnormalities were especially prevalent in 
the border zone territories between the anterior, mid- 
dle, and posterior cerebral arteries. Abnormally high 
signal was also present in the supratentorial deep white 
matter and in the deep gray matter (basal ganglia~ 
capsular area) in a few cases (Table II). 

Eight (33%) of the 24 CT scans were abnormal (Table 
I). The most common CT abnormalities were sym- 
metric hypodensities of the cerebral cortex, subcortical 
white matter, and supratentorial deep gray matter. 
These abnormalities were especially common in the 
posterior parietal and occipital areas and again in the 
watershed area between the anterior, middle, and pos- 
terior cerebral arteries (Table II). No abnormalities 
caudal to the basal ganglia-capsular area were seen with 
CT or MRI scanning. There was no definite evidence 
of atrophy. Two patients did have prominent sulci but 
normal ventricular size. Mild lateral ventricular 
compression, without a midline shift, was seen in one 
CT case, but there was no evidence of massive cerebral 
edema on CT or MRI scanning. The contrast medium— 
enhanced CT images provided no additional infor- 
mation that was not available with the unenhanced im- 
ages. Figs. 1 through 4 include some examples of ab- 
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Fig. 1. CT scan showing hypodensity of subcortical white matter in watershed area where anterior, 


middle, and posterior cerebral arteries meet. Diffuse deep white matter hypodensity is also shown. 


normal MRI and CT scans. The scans are of the same 
patient, showing an MRI/CT correlation. 

Two of the six patients with a focal neurologic deficit 
at admission had a normal CT scan and one had a 
normal MRI study. The patient with the normal MRI 
study had cortical blindness and a right lateral gaze 
fixation that lasted <24 hours. This patient also had a 
normal CT scan. The other patient with a normal CT 
scan and a focal deficit had a transient right hemipa- 
resis. Six (33%) of the 18 patients who never had a focal 
neurologic deficit had an abnormal MRI scan and four 
(22%) had an abnormal CT scan. With both MRI and 
CT there was no significant difference between the pa- 
tients with normal and abnormal scans in terms of age, 
seizure frequency, imaging timing in relation to the first 
seizure, or hospitalization duration (Table I). 

Ten patients (42%) had visual problems, ranging 
from blurred vision to cortical blindness or retinal de- 
tachment (Table III). Five of these 10 patients had no 
MRI abnormalities in the occipital areas associated with 
such visual problems. Nine of the patients had no CT 
abnormalities in these areas either. On the other hand, 
five of the 14 patients with no visual complaints had 
occipital white matter abnormalities with MRI imaging, 
whereas only one patient had these abnormalities with 
CT imaging. 

None of the patients had a repeat MRI scan. Three 


patients had repeat CT scanning from 2 to 5 days after 
the first study. There was no significant change in the 
findings of the additional scans. 

The majority (79%) of patients had concordant re- 
sults with MRI and CT scanning (Table IV). In four 
cases the MRI scans were abnormal when the CT scans 
were not. In one of these cases the CT scan was obtained 
on the day of the patient’s first seizure, but the MRI 
scan was not obtained until 4 days later, when her neu- 
rologic status had worsened. In the other three cases 
no interim worsening of the neurologic status occurred. 
Conversely, one patient had an abnormal CT and a 
normal MRI scan. This patient never had a focal neu- 
rologic deficit. The CT scan was obtained on the day 
of the patient’s only seizure, but because of scheduling 
problems the MRI could not be obtained until 10 days 
later. 


Comment 

In spite of the availability of intensive care units and 
state-of-the-art technology, some patients still die from 
eclampsia.' A common cause of death in these patients 
is a central nervous system complication such as intra- 
cerebral hemorrhage or massive cerebral edema. ™* One 
goal of cerebral imaging is to define abnormalities that 
may be treated to help decrease the morbidity and mor- 
tality associated with the condition. A second goal is to 
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Fig. 2. Axial T,-weighted MRI scan from same patient showing high signal in same watershed area. 
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Fig. 3. Coronal T, -weighted MRI scans showing high signal in cortical and subcortical white matter 


of occipital lobes. 
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Fig. 4. Coronal T,-weighted MRI scans showing high signal in cortical and subcortical white matter 


of occipital lobes. 


learn more about the pathophysiologic characteristics 
of the disease to help prevent or decrease its occurrence 
in other women. The cause of eclampsia is unknown, 
and there are many unanswered questions regarding 
the pathogenesis of its cerebral manifestations. Autopsy 
series provide information regarding the central ner- 


vous system abnormality in patients dying of eclampsia, 


but this information is not necessarily indicative of 


the central nervous system abnormality present in the 
majority of patients who survive the condition." ° 
Eclampsia is almost exclusively a disorder of human 
pregnancy. For ethical reasons human experimental 
data regarding the cerebral responses to eclampsia are 
scant. Therefore some attention has been directed to 
hypertensive encephalopathy as a model for the central 
nervous system abnormality in eclampsia. The two con- 
ditions share many clinical, radiologic, and pathologic 
features." °” There is a failure of normal cerebral blood 
flow autoregulation in patients with hypertensive en- 
cephalopathy and probably in some patients with 
eclampsia.* Two polarized theories have been proposed 
to explain the cerebral abnormality associated with hy- 
pertensive encephalopathy.” " According to the vaso- 
spasm theory, cerebral over regulation occurs when the 
normally protective cerebral vasoconstrictive response 


to acute, severe hypertension progresses LO vasospasm. 


Vasospasm is thought to cause local ischemia, arteriolar 
necrosis, and disruption of the blood-brain barrier, 
which leads to cerebral edema. Vasospasm has been 
demonstrated in several angiographic case reports in 
eclampsia.” However, arteriographically demonstrated 
vasospasm does not necessarily correlate with ischemia 
and vice versa.'”'! 

Conversely, some experimental animal data favor the 
“forced dilation” theory.’ ° At increased arterial pres- 
sures normal cerebral vasoconstriction initially occurs. 
However, when the upper limit of autoregulation is 
reached, cerebral vasodilation starts to occur. Initially, 
some areas dilate and some remain constricted. The 
vasodilated areas allow local hyperperfusion which dis- 
rupts the blood-brain barrier. The dilated parts of the 
vessels leak injected dyes into the surrounding brain 
tissue, confirming disruption of the blood-brain barrier. 
However, there is no leakage from the constricted parts 
of the vessels, arguing against the vasospasm theory of 
blood-brain barrier disruption. It is possible that the 
vasospasm and forced dilation theories are both op- 
erant in patients with hypertensive encephalopathy and 
in some patients with eclampsia. With both mechanisms 
the end result is cerebral edema (which may be localized 
or generalized) or infarction. 

CT scan findings of patients with hypertensive en- 
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Table III. Correlation of visual complaints with MRI and CT scan results 











Parietal-occipital Complaints No complaints Complaints No complaints 
abnormalities (n = 10) (n = 14) (n = 10) (n = 14) 

Present 5 2 l 

Absent 5 8 13 


Table IV. Comparison of MRI and CT scan 
results (n = 24) 


MRI normal MRI abnormal 


CT normal 12 4 
CT abnormal l 7 


cephalopathy show transient cortical and white matter 
hypodensities, which could be due to hypoxia (isch- 
emia) or edema.” '* '* These abnormalities occur pri- 
marily in the superior and posterior aspects of the ce- 
rebral hemispheres, primarily in the distribution of the 
posterior cerebral arteries. This vascular territory pref- 
erence is not explainable at the present time. In these 
same areas MRI scans show areas of high signal inten- 
sity, which are much better demonstrated on T,- 
weighted images than on T,-weighted images.'* This 
combination of findings is most likely due to edema or 
to hypoxia (ischemia)-induced edema. 

The early radiologic literature dealing with the CT 
findings of eclampsia is confusing.” The percentage of 
patients with abnormal CT scans was quite variable in 
the earlier published studies.* However, more recent 
work, including a reevaluation of a large early study, 
have shown abnormalities in up to 50% of the pa- 
tients.* '* The most commonly reported CT scan ab- 
normalities in eclampsia are transient white matter hy- 
podensities.'* Cerebral cortical and basal ganglia hypo- 
densities have also been noted.'* These hypodensities, 
just as those seen in patients with hypertensive enceph- 
alopathy, are most likely due to edema or hypoxia-in- 
duced edema." In some cases diffuse edema is present, 
but infarction and hemorrhage are uncommon. Cere- 
bral atrophy was noted in nine of 44 eclamptic patients 
(20%) studied by Milliez et al.’ but in no other studies. 
Their method of measuring lateral ventricular size, with 
CT-detected density differences, could have resulted in 
incorrect estimates of this dimension. 

There are a small number of case reports describing 
the cerebral MRI changes in eclampsia.* '° '°*° Tran- 
siently high T, signal intensity is especially common in 
the cerebral cortex and subcortical white matter. The 
abnormalities can occur in many areas of the brain, 


including the basal ganglia and brainstem in more crit- 
ically ill patients. However, the abnormalities are es- 
pecially frequent in the posterior hemispheres, espe- 
cially in the vascular watershed areas. In our series eight 
of 11 patients with abnormal scans had similar posterior 
hemisphere lesions and nine had peripheral cerebral 
cortical abnormalities. A global ischemia would make 
watershed areas and peripheral cortical areas especially 
vulnerable. Generalized vasospasm could cause such a 
global ischemia. 

Visual problems are common in eclampsia, occurring 
in approximately 40% of cases.* In this small study, 10 
(42%) of the patients had complaints ranging from 
blurred vision only to cortical blindness or retinal de- 
tachment. Only half of these patients had an anatom- 
ically equivalent abnormality with MRI scanning and 
only 20% with CT scanning. However, the visual prob- 
lems were almost always resolved, or at least markedly 
improved, by the time of MRI scanning in this study. 
Timely MRI scans, within the first 24 hours of visual 
complaints, might yield more abnormal studies. Pre- 
sumably, the affected cerebral areas suffer very tran- 
sient insult in some patients. Alternatively, in some pa- 
tients, these areas might undergo alterations not de- 
tectable with current MRI techniques. 

Interestingly, five of the 14 patients without visual 
complaints had abnormalities in the occipital white mat- 
ter with MRI, whereas such abnormalities were seen in 
only one of these patients with CT scanning. The high 
frequency of posterior hemisphere lesions in eclampsia 
and in hypertensive encephalopathy has no obvious 
explanation. Most of the abnormalities lie in the vul- 
nerable vascular watershed areas, where the anterior, 
middle, and posterior cerebral arteries meet. This dis- 
tribution suggests a global ischemic cerebral event."* 

Although no follow-up MRI scans were obtained in 
this study, the cortical and white matter abnormalities 
are similar to those known to be transient from other 
studies.* The patient with the basal ganglia infarction 
had a follow-up CT scan 4 months after her admission, 
which showed continued low density in the basal gan- 
glia consistent with a prior infarction. 

Because of its superior contrast resolution, MRI is 
more sensitive than CT in detecting certain cerebral 
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abnormalities, including edema.'* * Edema in eclamp- 
sia is usually a transient phenomenon. Unfortunately, 
MRI accessibility problems prevented coincident timing 
of our MRI and CT scans. More MRI scans were ab- 
normal (46%) than CT scans (33%) in this small study, 
even though the MRI scans were obtained considerably 
later than the CT scans. A larger study, with proper 
timing of scanning, should help determine the actual 
difference in their ability to detect cerebral abnormal- 
ities. 

This study also does not resolve the question re- 
garding vasospasm versus forced dilation. On the ho- 
rizon, the development of magnetic resonance angi- 
ography may permit a noninvasive method to obtain 
important information about the larger cerebral ves- 
sels. In time, specific imaging sequences to detect ab- 
normalities of the small cerebral vessels (such as those 
seen with eclampsia) may become available. The lack 
of ionizing radiation will allow repetitive studies during 
and after the acute crisis. Such information would aid 
therapy. For example, if vasoconstriction is prominent 
in a particular patient, calcium channel blockers, such 
as nimodipine, with selective cerebral vasodilating 
properties may be useful.” Magnesium sulfate, a stan- 
dard part of the therapeutic regimen for eclampsia in 
the United States, has vasodilating properties that may 
help prevent or diminish serious neurologic sequelae 
associated with cerebral vasospasm.* * 

Transcranial Doppler ultrasonography has been 
used to detect cerebral vasospasm.” Unfortunately, the 
smaller cerebral vessels (second and third order) are 
not imaged optimally. This portable imaging method 
would be especially useful in critically ill patients. Serial 
exams could be used to determine the natural history 
of vasospasm, if present, and its response to different 
pharmacologic agents. 

No emergency intervention was needed in any of 
these 24 patients on the basis of the radiologic findings. 
Cerebral imaging is necessary for patients with focal 
neurologic deficits or prolonged coma. In these patients 
hemorrhage and other serious abnormalities requiring 
specific pharmacologic therapy or surgery must be ex- 
cluded. Because CT is more sensitive than MRI in de- 
tecting acute hemorrhage, it is the imaging modality of 
choice in such patients. Cerebral imaging may also be 
helpful in pregnant and early postpartum patients with 
seizures who have an atypical presentation for eclamp- 
sia. In patients without complications with a typical pre- 
sentation of eclampsia, no cerebral imaging (CT or 
MRI) is necessary. Hopefully, advances in MRI angi- 
ography and transcranial ultrasonography will aid 
our understanding of this condition in the research 
setting. 
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Nifedipine treatment in preeclampsia reverts the increased 
erythrocyte aggregation to normal 


Andrea L. Tranquilli, MD, G. Gioele Garzetti, MD," Giuseppe De Tommaso, MD, 
Massimo Boemi, MD," Enrico Lucino, MD, Paolo Fumelli, MD, and Carlo Romanini, MD 


Ancona, Italy 


OBJECTIVES: Our objectives were to assess erythrocyte aggregation in hypertensive pregnancy anc to 


evaluate the effect of the antihypertensive treatment on it. 


STUDY DESIGN: The mean entity of erythrocyte aggregation was determinad by an automatic 
aggregometer in 57 pregnant women: 20 normotensive, seven chronically hypertensive, 10 chronically 
hypertensive with superimposed preeclampsia, and 20 with preeclampsia. Ten of the latter were 
subsequently treated by 40 mg/day oral nifedipine; the other 10 by 400 mg/day oral labetalol, to keep 
diastolic blood pressure <90 mm Hg. Also, patients with superimposed preeclampsia were treated with 40 


mg/day oral nifedipine. 


RESULTS: Erythrocyte aggregation was increased in all the hypertensive pregnant patients compared with 
the normotensive pregnant controls, regardless of both the onset (chronic or preqnancy-induced) of 
hypertension and the status of plasma macromolecules. Antihypertensive treatment with labetalol 
significantly reduced the aggregability of erythrocytes, whereas treatment with nifedipine reverted it to 


normal. 


CONCLUSIONS: Increased erythrocyte aggregation may be due to either conformational changes cf the 
membrane occurring during hypertension or a redistribution of the ionic charges on the two surfaces. of the 
membrane. The effect of nifedipine by restoring the ionic charges may be due to this latter event. (Am J 


Osstet GYNECOL 1992;167:942-5.) 


Key words: Pregnancy, hypertension, preeclampsia, blood rheology, erythrocyte membrane, 


nifedipine-labetalol treatment 


Erythrocyte aggregation is a reversible phenomenon, 
easily recognizable in vitro, that occurs in vivo more 
often in the presence of slow blood flow, leading to the 
formation of erythrocyte rouleaux. Apart from the re- 
duction of blood flow, the interaction between eryth- 
rocytes and some heavy plasma macromolecules such 
as fibrinogen’ and globulins may produce aggregation; 
the hematocrit may also have an influence but only at 
' borderline values. The erythrocyte capacity to aggre- 
gate is increased in several pathologic conditions such 
as polyglobulia, infectious diseases, plasma hypermo- 
larity, and essential hypertension; this latter evidence 
has been related to the intrinsic membrane alteration 
occurring in hypertension. During normotensive preg- 
nancy erythrocyte aggregation increases from the sec- 
ond to the third trimester. In spite of decreased he- 
matocrit plasma fibrinogen increases, and a fibrinogen- 
fibrin complex is present as early as 8 weeks’ gestation.” 
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In preeclampsia red blood cell aggregation is further 
increased when compared with normotensive pregnant 
women; this increase could be due to either the changes 
in fibrinogen system or functional abnormalities of 
erythrocyte membranes.’ Many authors*® support the 
possibility that the increased erythrocyte aggregation 
and the consequent hyperviscosity are involved in the 
development of gestational diseases (e.g., the impaired 
perfusion of smaller vessels in the maternal kidney may 
determine proteinuria that can also be found when 
clear and definite anatomopathologic lesions are ab- 
sent). In the placenta, together with the possible de- 
velopment of thrombosis and placental ischemia, this 
erythrocyte aggregation may cause intrauterine growth 
retardation and fetal hypoxia. Because of the broad 
implications during hypertension in pregnancy, we de- 
cided to study erythrocyte aggregation in hypertensive 
pregnancy and evaluate the effect of the antihyperten- 
sive treatment on it. 


Patients and methods 


Erythrocyte aggregation, fibrinogen, and hematocrit 
were determined in peripheral blood samples of 57 
pregnant women in the third trimester. Fibrinogen was 
measured by immunodiffusion. Erythrocyte aggrega- 
tion was determined by means of a fully automatic My- 
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renne MA1 aggregometer, as recently described.’ This 
instrument consists of a cone plate measuring chamber 
and a microprocesor-controlled measuring unit. Eryth- 
rocvte aggregation entity is performed by an infrared 
photometric device. The results, expressed as a four- 
digit mean entity aggregation, appear on a digital dis- 
plav. In the measuring system the rotating cone and 
plate are installed on a diode emitting light at a wave- 
length of 540 nm, corresponding to the hemoglobin 
absorption peak. On the top of the measuring chamber 
the sensor system receives the light transmitted through 
the sample. A rotor engine is connected with the cone 
and put the sample in rotatory motion for 10 seconds 
at a speed of 600 inverse seconds to obtain the complete 
erythrocyte disaggregation. As the sample (25 ul of 
heparinized blood) is put in the measuring chamber 
and the rotation is started, the transmittance increases 
as a result of the orientation and stretch of cells along 
the flux axis; when the rotation 1s stopped, the eryth- 
rocytes return to their original shape, so that the trans- 
mittance decreases to a minimum where the aggrega- 
tion process begins. The instrument determines the 
transmittance variations versus time during the follow- 
ing 15-second period. Our protocol consisted in four 
subsequent determinations of four blood samples from 
the same subject; the samples were then averaged. 

We followed the criteria of Davey and MacGillivray,’ 
and patients were classified accordingly. Preeclampsia 
was diagnosed when diastolic blood pressure was found 
to be either =110 mm Hg on a single occasion or =90 
mm Hg on two consecutive measurements =4 hours 
apart and when concomitant significant proteinuria 
(=300 mg/L per 24 hours) occurred after the twentieth 
week gestation in previously normotensive, nonpro- 
teinuric women. When hypertension occurred before 
the twentieth week of gestation or a known history of 
hypertension was present, the patients were considered 
as having chronic hypertension. When significant pro- 
teinuria (=300 mg/L per 24 hours) and a rise in dia- 
stclic blood pressure (=15 mm Hg) were demonstrated 
in chronically hypertensive pregnant women, they were 
classified as having chronic hypertension with super- 
imposed preeclampsia. 

Fifty-seven pregnant women were included in the 
study. All were primigravid, except for three in the 
group of chronic hypertension. Ages ranged between 
23 and 40 years (median 30 years), gestational ages 
ranged between 32 and 36 weeks (mean 34.6 weeks). 
Twenty pregnant women, who were (and remained) 
normotensive, served as controls; seven had chronic 
hypertension but did not require drug treatment dur- 
ing pregnancy, whereas in 10 pregnant women with 
chronic hypertension superimposed preeclampsia de- 
veloped. The remaining 20 women had preeclampsia. 
All patients were tested before they were given any 
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drug treatment. To assess the influence of the treat- 
ment on blood rheology parameters, sampling was re- 
peated after 7 days in women with chronic hyperten- 
sion and superimposed preeclampsia and in pregnant 
women with gestational hypertension. In fact, after the 
first determination, 40 mg/day oral nifedipine was ad- 
ministered to those with chronic hypertension and su- 
perimposed preeclampsia. The 20 preeclamptic pa- 
tients were randomly allocated into two groups of treat- 
ment: 10 received 400 mg/day oral labetalol, and the 
others were treated with 40 mg/day oral nifedipine. 
The control of blood pressure to a stable diastolic S90 
mm Hg was achieved within 3 days from the beginning 
of treatment. The results were averaged and tested for 
statistical significance with one-way analysis of variance; 
the results of preeclamptic women before and after 
treatment were also compared by means of the paired 
t test. 


Results 


Table I shows the mean erythrocyte aggregation. In 
baseline conditions, mean erythrocyte aggregation is 
significantly increased in all hypertensive patients com- 
pared with normotensive controls. Antihypertensive 
treatment, however, significantly reduced mean eryth- 
rocyte aggregation tn all the patients, although by dif- 
ferent degrees. The maximum reduction is observed 
in preeclamptic women treated with nifedipine, where 
the treatment reverted the increased mean erythrocyte 
aggregation to the value of normotensives. It was also 
noted that no significant difference was found in base- 
line values between the two groups of preeclamptic 
women randomly selected for the type of treatment. . 
Table II shows the results of fibrinogen and hematocrit. 
Irrespective of the background pathologic condition 
and treatment, the overall differences in all the groups 
taken into consideration are not significant. 


Comment 


During pregnancy erythrocyte aggregation in- 
creases, reaching the highest levels in the third trimes- 
ter, because of the presence of macromolecular com- 
plexes,’ and hypertension per se increases erythrocyte 
aggregation as well. Our results confirm the increased 
erythrocyte aggregability in hypertensive subjects com- 
pared with the normotensive. Two observations seem 
especially important. First, the increase occurred in all 
the hypertensive patients, regardless of the duration 
(chronic or pregnancy-induced) of the disease. Second, 
it does not relate to changes in hematocrit or fibrinogen 
concentration, as shown in Table II. Because this is not 
consistent with a lack of physiologic hemodilution that 
leads to hemoconcentration, increased hematocrit, and 
increased plasma macromolecule (i.e., fibrinogen and 
immunoglobulins) concentration,’ the explanation can 
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Table I. Effects of antihypertensive treatment on erythrocyte aggregation in third trimester of pregnancy 


Patients p Value 
Normotensive controls 20 19.16 + 1.44 ; 3.24 0.00001 
Untreated chronic hypertension 7 22.39 £ 1.54 
Chronic hypertension + preeclampsia 10 24.32 + 2.12 3.31 0.03 
before nifedipine 
Chronic hypertension + preeclampsia 10 22.49 + 1.45 
after nifedipine 
Preeclampsia before labetalol 10 24.29 + 1.81 2.86 0.0009 
Preeclampsia after labetalol 10 21.29 + 1.56 
Preeclampsia before nifedipine 10 23.34 + 2.06 2.70 0.000001 
Preeclampsia after nifedipine 10 17.43 + 1.20 
Table II. Effects of antihypertensive treatment on fibrinogen and hematocrit in third trimester 
of pregnancy 
Hematocrit 


Patients 
Normotensive controls 20 
Untreated chronic hypertension 7 
Chronic hypertension + preeclampsia 10 
before nifedipine 
Chronic hypertension + preeclampsia 10 
after nifedipine 
Preeclampsia before labetalol 10 
Preeclampsia after labetalol 10 
Preeclampsia before nifedipine 10 
Preeclampsia after nifedipine 10 


No statistical difference in fibrinogen or hematocrit. 


be found in the conformational changes of ervthrocyte 
membrane. During hypertension in pregnancy, such 
changes can occur in at least two different manners: 
the phospholipid composition of the bilayer and the 
distribution of ionic charges on the two sides of the 
membrane. We have previously observed an increased 
unsaturated/saturated fatty acid ratio on placental mi- 
crovillus membrane." Because double bonds give fatty 
acids a different spatial configuration that deforms and 
renders the membrane rigid, the increased double- 
bond number may directly relate to the hyperaggreg- 
ability. With reference to the changes of the ionic 
charges and of the ionic activity on the surface of the 
membrane, experimental studies on spontaneously hy- 
pertensive rats have shown an increased permeability 
to sodium and potassium and a reduced calctum-bind- 
ing capacity on the inner layer of erythrocyte mem- 
brane.'! Studies in humans have shown an increased 
cation activity in essential hypertension” and in preg- 
nancy-induced hypertension.” In this latter condition 
the altered cell membrane function’ leads to an ac- 
cumulation of positive charges inside the red blood cell; 
this can act on the erythrocyte micromilieu and deeply 
involve deformability and aggregation. Although none 
of our patients were on magnesium sulfate therapy, it 
is likely that a part of the effect of that treatment in 


Fibrinogen 
No. (mg/dl, mean + SD) 


(%, mean + SD) 


507.0 + 50.7 34.6 + 2.9 
491.9 + 70.1 850 + 2.3 
491.4 + 99.4 34.9 +95 
499.0 + 100.1 33.8 + 3.1 
596.5 + 121.2 34.7 + 4.0 
521.9 + 110.7 35.8 + 3.9 
519.0 + 141.6 36.2 + 2.9 
538.9 + 122.2 35.9 + 3.0 


hypertensive pregnancy and eclampsia may derive 
from such an action, on red blood cells. By reducing 
erythrocyte aggregation, magnesium sulfate may im- 
prove blood flow, and this may be of primary impor- 
tance in the prevention of cerebral thrombosis. 
Beyond doubt, these two mechanisms provide a back- 
ground for the increased erythrocyte aggregation ob- 
served in our patients. If the hypotensive effect ac- 
counts for the reduction observed in preeclamptic 
women treated by B-adrenergic receptor blockers, the 
specific effect of calcium antagonist treatment is rec- 
ognizable both in chronic hypertension with superim- 
posed preeclampsia and, especially, in preeclampsia in 
which nifedipine treatment reverted the levels of mean 
erythrocyte aggregation to those of normotensive 
women. Calcium antagonist treatment has a primary 
role in restoring those ionic transports that are defec- 
tive in gestational hypertension. This may explain the 
positive effect on aggregation in patients undergoing 
this treatment. We should, however, eventually recon- 
sider two major points: the overall hyperaggregation 
in hypertensive disorders of pregnancy and the reduc- 
tion obtained through treatment. According to our re- 
sults, the mean erythrocyte aggregation appears to be 
a reliable measure of the aggregation process, which 
plays a major role in hypertension during pregnancy. 
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The limitation to the use of this method ts threefold. 
It is highly time-consuming, and blood samples must 
be treated immediately, otherwise the aggregation pro- 
duced does not reflect what occurs in vivo. Finally, be- 
cause the mean erythrocyte aggregation is the result of 
such a variable and complex process, it very well ex- 
presses the variations in small groups or single subjects 
and therefore can be very useful in monitoring hyper- 
tensive pregnancy rather than serve as a routine test. 
Nevertheless, this should be taken into consideration 
any time we have to face this disease, to obtain infor- 
mation on any possible microvascular involvement. It 
can also be useful to monitor the therapy. Keeping this 
point in mind, we feel we must stress the need for 
adequate treatment for the different hypertensive dis- 
orders of pregnancy. Nifedipine treatment seems ef- 
fective as a hypotensive but furthermore offers other 
faverable aspects, slightly unexplored, such as the an- 
tiagzregating effect shown in these preliminary results. 
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Placental lipid peroxides and thromboxane are increased and 
prostacyclin is decreased in women with preeclampsia 


Yuping Wang, MD, Scott W. Walsh, PhD," and Helen H. Kay, MD” 


Richmond, Virginia, and Durham, North Carolina | 


OBJECTIVE: There is an imbalance of increased thromboxane and decreased prostacyclin in placentas of 
women with preeclampsia, but this may not be the only imbalance. There is also an abnormal increase in 
serum lipid peroxides in preeclamptic women. Lipid peroxides are toxic compounds that damage cells and 
inhibit prostacyclin synthesis. The following study examined lipid peroxides to determine if they were also 


increased in placentas of preeclamptic women. 


STUDY DESIGN: Placental tissue for nine normal and eight preeclamptic women were frozen in liquic 
nitrogen immediately after delivery. Frozen tissue samples (1 gm) were homogenized and analyzed for 
lipid peroxides by malondialdehyde and hydrogen peroxide equivalents and ior thromboxane and 
prosiacyclin by radioimmuncassay of their stable metabolites, thromboxane B, and 6-keto prostaglandin 


Fig 


RESULTS: Lipid peroxides were significantly higher in preeclamptic placentas than in normal placentas by 


both analytic methods (49 + 5 vs 31 + 1 nmol/gm for malondialdehyde and 5.3 + 0.3 vs. 3.2 + 0.3 
umol/gm for hydrogen peroxide equivalent; mean + SE; p < 0.01, respectively). Thromboxane was 
significantly higher and prostacyclin significantly lower in preeclamptic placentas than in normal placentas 
(213 + 23 vs 158 + 14 ng/gm for thromboxane and 24 + 3 vs 53 + 7 ng/gm for prostacyclin, p < 0.05). 
The thromboxane/prostacyclin and lipid 3eroxides/ prostacyclin ratios were threefold higher in preeclanptic 


placentas than in normal placentas. 


CONCLUSION: Placental levels of both lipid peroxides and thromboxane are increased and prostacyclin 
decreased in preeclampsia. We speculate that abnormally increased levels of lipid peroxides in 
preeclamptic placentas may be a cause of decreased prostacyclin. (AM J OsstetT GyNECOL 1992;167: 


946-9.) 
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Preeclampsia is associated with an imbalance of in- 
creased thromboxane and decreased prostacyclin pro- 
duction in the placenta.” The cause of the imbalance 
is not known. However, there is a factor(s) present in 
the sera of preeclamptic women chat is cytotoxic to 
human endothelial cells** and could be responsible for 

decreased prostacyclin production. After delivery the 
cytotoxic activity decreases to levels present in normal 
women, suggesting that the placenta might be a source 
of the factor(s). Endothelial cell injury resulting from 
a circulating factor(s) of placental origin might help 
explain pathophysiologic abnormalities such as de- 
creased prostacyclin production and increased vaso- 
constriction that lead to hypertension in preeclampsia. 
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Lipid peroxides are toxic compounds that damage 
cells and inhibit prostacyclin synthase, so lipid perox- 
ides are likely candidates for the cytotoxic factors. In 
preeclampsia lipid peroxides are abnormally increased 


In. maternal blood,®? and there is an imbalance of in- 


creased lipid peroxides and decreased vitamin E levels 
in maternal blood associated with an imbalance between 
thromboxane and prostacyclin.* The decreased levels 
of vitamin E are significant because vitamin E is an 
antioxidant that helps control abnormal increases of 
lipid peroxides. The higher-than-normal blood levels 
of lipid peroxides in preeclamptic women could be me- 
diators of endothelial cell injury and vasoconstriction 
in preeclampsia. 

Lipid peroxides are increased in maternal blood in 
preeclampsia, but there is little information about pla- 
cental lipid peroxides. The purpose of this study was 
to examine the tissue levels of lipid peroxides, throm- 
boxane, and prostacyclin in normal and preeclamptic 
placentas. We hypothesized that there would be 
abnormally increased levels of lipid peroxides in 
preeclamptic placentas that would be associated 
with an imbalance between -hromboxane and prosta- 
cyclin. 
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Material and methods 


Placental tissue pieces (2 to 3 gm each) from nine 
normal and eight preeclamptic women between 35 and 
40 weeks’ gestation were frozen in liquid nitrogen im- 
mediately after delivery. There were eight vaginal de- 
liveries and one cesarean section in the normal group 
and two vaginal deliveries and six cesarean sections in 
_ the preeclamptic group. Three of the normal patients 
and two of the preeclamptic patients were primigravid. 
Institutional approval was obtained to conduct this 
study. Preeclampsia was defined as a blood pressure of 
=140/30 mm Hg on two separate readings at least 6 
hours apart with proteinuria (>1+) and edema. Tis- 
sues were stored at — 80° C until assayed. 

Placental tissue homogenates were prepared as fol- 
lows. Tissue pieces were ground up ina Waring Blender 
(New Hartford, Conn.) with liquid nitrogen; then 1 gm 
frozen tissue from each placenta was weighed and ho- 
mogenized with 1.15% potassium chloride buffer. The 
ratio of tissue to buffer was 1:9. Aliquots of homoge- 
nates were then used for analysis of lipid peroxides 
(500 or 100 pl), thromboxane (10 ul), or prostacyclin 
(20 yl). 

Lipid peroxides were analyzed by a commonly used 
method, thiobarbituric acid reactive products, which 
expresses the results in terms of malondialdehyde” '° 
and by a method more specific for peroxides, gluta- 
thione peroxidase/glutathione reductase oxidation 
of reduced nicotinamide adenine dinucleotide phos- 
_ phate (NADPH)." For the malondialdehyde assav a 500 
pl aliquot of tissue homogenate was used. Tetra- 
methoxypropane (Sigma Chemical, St. Louis) was used 
as the standard for the generation of malondialdehyde 
during the reaction process with thiobarbituric acid, 
and double-distilled water was used as the control. 
Malondialdehyde was analyzed in an ultraviolet split- 
beam spectrophotometer (Spectronic 1001, Milton Roy, 
Rochester, N.Y.) at an absorption of 532 nm. Recovery 
of exogenously added standard was 98% and the 
within- and between-assay variations were =6.5%. As- 
say of varying homogenate sample volumes resulted in 
a linear response parallel to the standard curve. 

Glutathione peroxidase nonspecifically degrades or- 
ganic peroxides with glutathione as its cofactor, yielding 
glutathione disulfide. Glutathione reductase then re- 
generates glutathione from glutathione disulfide at the 
expense of NADPH. The reaction is stoichiometric and 
can be monitored by absorbance of NADPH at 340 nm. 
The peroxide content is limiting and can be precisely 
determined because it is equivalent to the loss of 
NADPH. We used hydrogen peroxide to generate a 
standard curve that can then be used to determine per- 
oxide equivalents in the tissue samples. A 100 pl aliquot 
of tissue homogenate was used in the assay. Nicotin- 
amide adenine dinucleotide phosphate was measured 
by an ultraviolet split-beam spectrophotometer at an 
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absorption of 340 nm. Double-distilled water was used 
as control. The results were expressed as hydrogen 
peroxide equivalents in tissue samples. Recovery of ex- 
ogenously added standard was 98%. Assay of varying 
volumes of placental tissue homogenates resulted in a 
linear response parallel to the standard curve (y = 
0.14 + 0.0018x, R? = 0.981). Within- and between-as- 
say variations were 2.5% and 8.3%, respectively. 

Prostacyclin and thromboxane concentrations were 
estimated by specific radioimmunoassays of their stable 
metabolites, 6-keto-prostaglandin F,, (6-keto-PGF,,) 
and thromboxane B, (TXB,), respectively, similar to 
those previously described.’ The assays consisted of 
competitive binding of radioactive and natural TXB, 
or 6-keto-PGF,, to specific antibodies. Dextran-coated 
charcoal was used to separate the bound from the free 
fraction. TXB, and 6-keto-PGF,, standards and anti- 
bodies were purchased from Advanced Magnetics 
(Cambridge, Mass.); tritiated TXB, and 6-keto-PGF,, 
were from New England Nuclear (Dupont Research, 
Wilmington, Del.). Serial dilutions of the homogenate 
samples were parallel to the standard curves (slope 
comparisons, p > 0.10). Buffer blanks resulted in a zero 
dose response in each radioimmunoassay. Addition of 
increasing sample volumes resulted in linear dose re- 
sponses for both 6-keto-PGF,, (y = 3.2 + 2.6x, 
R? = 1.00) and TXB, (y = 40.5 + 12.0x, R? = 1.00). 
The within-assay variations were 6.7% and 10.2% and 
the between-assay variations were 10.3% and 6.6% for 
the 6-keto-PGF,, and TXB, radioimmunoassays, re- 
spectively. | 

Statistical analysis was performed with the Student 
t test. A value of p < 0.05 was considered statistically 
significant. 


Results 


The concentrations of malondialdehyde and hydro- 
gen peroxide equivalents from normal (n = 9) and pre- 
eclamptic (n = 8) placental homogenates are shown in 
Fig. 1. Malondialdehyde levels were significantly in- 
creased in preeclamptic placentas as compared with 
normal placentas (49 + 5vs 31 + I nmol/gm, mean + 
SE, p < 0.01). Likewise, hydrogen peroxide equivalents 
were also significantly increased in preeclamptic pla- 
centas as compared with normal placentas (5.3 + 0.3 
vs 3.2 + 0.3 umol/gm, p <0.01, respectively). 

The concentrations of TXB, and 6-keto-PGF,, from 
tissue homogenates are shown in Fig. 2. TXB, was sig- 
nificantly higher in preeclamptic placentas than in nor- 
mal placentas (213 +23 vs 158+ 14 ng/gm, 
mean + SE, p < 0.05, respectively). 6-Keto-PGF,, was 
significantly lower in preeclamptic placentas than in 
normal placentas (24 + 3 vs 53 + 7 ng/gm, p < 0.05, 
respectively). The ratio of TXB,/6-keto-PGF,, of 8.9 in 
preeclamptic placentas was approximately threefold 
higher than the ratio of 3.0 in normal placentas. 
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Fig. 1. Placental tissue homogenate concentrations of lipid peroxides as estimated by malondialde- 
hyde (MDA) and hydrogen peroxide .(H,0,; equivalents. Data represent mean + SE. Two asterisks, 


p< 0.01. 
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Fig. 2. Placental tissue homogenate: ‘concentrations of thromboxane and prostacyclin as estimated 
by their stable metabolites, TXB, and 6- KERR 10) respectively. Data represent ı mean + SE. Asterisk, 


p < 0.05. 


Comment 

The current study determined -the tissue levels of 
lipid peroxides, thromboxane, and prostacyclin in pre- 
eclamptic and normal placentas. We found. that the 
levels of both lipid peroxides ard thromboxane were 
significantly higher in preeclamotic placentas than in 
normal placentas, but the level of prostacvclin was sig- 
nificantly lower (Figs. 1 and 2). The thrombox- 
ane/ prostacyclin and lipid peroxides/ prostacyclin ra- 
tios were approximately threefold higher i in preeclamp- 
tic placentas than in normal placentas. These results 
are consistent with those of others in that there is an 
imbalance between thromboxane and prostacyclin that 
favors thromboxane in placentas obtained from women. 
with preeclampsia."*? - : 

We used two methods to analyze lipid peroxides: 
thiobarbituric acid reactive products and _ glutathi- 


one peroxidase/glutathione reductase oxidation of 
NADPH. The thiobarbituric acid reactive products 
method measures lipid peroxides and malondialde- 
hyde generated by the cyclooxygenase pathway, but its 
specificity for lipid peroxides has been questioned.” 
The glutathione peroxidase/glutathione reductase 
method is specific for peroxides.'! By both methods the 


‘levels of lipid peroxides were approximately 60% 


higher i in preeclamptic placentas than in normal pla- 
centas, as shown in Fig. 1. 
The placenta is a heterogeneous tissue, so different 


' tissue compartments probably contributed to the tissue 


levels of lipid peroxides, thromboxane, and prostacy- 
clin, that we observed in this study. With respect to 
thromboxane and prostacyclin, they are synthesized in 
different compartments within the placenta. Throm- 
boxane is primarily synthesized by the trophoblast cells 
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and villous core tissue, whereas prostacyclin is primarily 
synthesized by the vasculature.” Platelets entrapped 
within the placenta at the time of delivery are another 
source for thromboxane because we did not rinse or 
blanch the tissue before freezing. The sources for lipid 
peroxides are most likely the trophoblast cells and the 
villous core tissue because they both produce lipid per- 
oxides in vitro.’® Platelets are an additional source of 
lipid peroxides as estimated by the malondialdehyde 
assay because malondialdehyde is generated by cy- 
clooxyzenase during the conversion of arachidonic acid 
to thrcmboxane. 

The reason that levels of lipid peroxides were in- 
creased in preeclamptic placentas is not known. In nor- 
mal pregnancy human placental tissues produce lipid 
peroxides.'*"” The degree of lipid peroxidation in nor- 
mal placental tissue in late pregnancy is significantly 
lower than that in early pregnancy, whereas the an- 
tioxidant activities of superoxide dismutase and 
catalase are higher in late pregnancy than in early preg- 
nancy.'” ® These results suggest that placental tissue 
gradually suppresses lipid peroxide formation as preg- 
nancy advances, because antioxidants inhibit lipid per- 
oxidation. Therefore a possible explanation for in- 
creased lipid peroxides in preeclamptic placentas may 
be that there is decreased formation of antioxidants by 
the placenta, which then allows increased lipid peroxide 
formation. 

Another possibility for increased lipid peroxides in 
preeclampsia might be related to increased placental 
thromboxane. Increased thromboxane production sug- 
gests increased cyclooxygenase activity, which would 
result in increased oxygen radical formation. Lipid per- 
oxides are formed when oxygen radicals interact with 
polyunsaturated fatty acids. The placenta is a rich 
source of polyunsaturated fatty acids, so the increased 
cyclooxygenase activity associated with the increased 
thromboxane production could be coupled with in- 
creased placental lipid peroxide production by the oxy- 
gen radicals generated. 

Abncrmally increased lipid peroxides in preeclamp- 
sia may explain decreased prostacyclin because lipid 
peroxices inhibit prostacyclin synthase.’* *! Therefore 
increased lipid peroxides in preeclampsia may contrib- 
ute to the imbalance of increased thromboxane and 
decreased prostacyclin by inhibiting prostacyclin syn- 
thesis. 
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Adult respiratory distress syndrome in pregnancy 


William C. Mabie, MD, John R. Barton, MD, and Baha M. Sibai, MD 


Memphis, Tennessee 


OBJECTIVE: Our objective was to determine ths causes of adult respiratory distress syndrome in 
pregnancy, the treatment required, and maternal! and perinatal outcomes. 

STUDY DESIGN: We examined a case series of 16 patients with adult respiratory distress syndrome 
initially treated in an obstetric intensive care unit. Criteria for the diagnosis were respiratory distress 


requiring mechanical ventilation and a lung injury score >2.5. 


RESULTS: The incidence of adult respiratory distress syndrome in pregnancy was 1 per 2893 deliveries, 
occurring primarily in the third trimester. The causes were infection (n = 8), preeclampsia/eclampsia 

(n = 4), hemorrhage (n = 2), thrombotic thrombocytopenic purpura (n = 1), and smoke inhalation 

(n = 1). Most patients (69%) were delivered before or soon after admission to our hospital. Multipl2 organ 
failure developed in 12 patients (75%). Complications of mechanical ventilation occurred in 81% of cases. 
Other complications of intensive care unit support were endocarditis, superior vena cava thrombosis, line 
sepsis, and bacteremia. Maternal mortality was 44%; perinatal mortality was 20%. 

CONCLUSIONS: Adult respiratory distress syndrome in pregnancy is associated with a maternal mortality 
similar to that of studies in the nonpregnant patient. The main causes in pregnancy are hemorrhace, 
infection, and toxemia. All maternal deaths occurred in patients with multiorgan failure. (AM J OBSTET 


GynecoL 1992;167:950-7.) 


Key words: Adult respiratory distress syndrome, pregnancy 


The adult respiratory distress syndrome (ARDS} is 
an acute lung injury that results in diffuse bilateral 
radiographic infiltrates, marked intrapulmonary 
shunting, and decreased lung compliance. The lung 
can respond in only a limited number of ways to injury. 
Therefore the causes of ARDS are many. The clinical 
course is variable, ranging from rapid reversal in a few 
days (e.g., fat embolism, drug reaction) to delayed re- 
versal requiring weeks of mechanical ventilation (e.g., 
sepsis with multiple organ failure). Pathologic changes 
progress from an exudative phase characterized by type 
1 cell destruction, atelectasis, neutrophil infiltration 
(days 0 to 4) to a proliferative phase with type II cell 
proliferation, hyaline membranes, capillary loss, and 
mononuclear cell infiltration (days 3 to 10) to a late 
phase with capillary loss and fibrosis (days 7 to 14).'° 
Overall mortality is 50% to 70%.** 

Since the original description of ARDS in 1967 many 
definitions of the syndrome have been proposed, but 
there has been no consensus on criteria for the diag- 
nosis.° In 1988 Murray et al.’ proposed the lung injury 
score to make the definition of ARDS more uniform. 
The score includes quantitative assessment of four com- 
ponents: extent of alveolar consolidation, arterial oxy- 
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gen tension to inspired oxygen concentration ratio 
(P20,/Fi0,), level of positive end-expiratory pressure, 
and static lung compliance. Widespread use of the lung 
injury score may facilitate collection and interpretation 
of epidemiologic data, study of pathophysiology, and 
evaluation of new therapies. 

There is a paucity of deta on ARDS in pregnancy— 
the extent of the literature consisting of several case 
reports? and: one series.? We therefore carried out a 
detailed study of our patients with ARDS, as defined 
by the lung injury score, to determine the causes of 
ARDS in pregnancy, the treatment required, and the 
maternal and perinatal outcome. 


Material and methods 


Between Jan. 1, 1986, and Jan. 1, 1992, 16 patients 
with ARDS were treated :n the obstetric intensive care 
unit at E.H. Crump Women’s Hospital. During this 6- 
year period there were a total of 54 patients who re- 
quired mechanical ventilation, most often for pneu- 
monia, pulmonary edema, or asthma. Criteria for the 
diagnosis of ARDS included respiratory distress re- 
quiring endotracheal intubation and mechanical ven- 
tilation and a lung injury score >2.5. The lung injury 
score was assigned. retrospectively by means of chest 
radiography, blood gas, and ventilator data obtained 
during the first 12 hours after initiation of mechanical 
ventilation. Components and individual values of the 
lung injury score are shown in Table I. Compliance was 
calculated according to zhe following formula: Static 
compliance = Corrected tidal volume/Plateau pres- 
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Table I. Components and individual values of lung injury score 


i ed E 


Alveolar consolidation by radiography None 1 Quadrant 2 Quadrants 3 Quadrants 4 Quadrants 
Pa0,/ FiO; =300 225-299 175-224 100-174 <100 
Positive end-expiratory pressure (cm HO) =5 6-8 9-1] 12-14 215 
Compliance (ml/cm H,O) =80 60-79 40-59 20-39 =19 


The lung injury score is obtained by dividing the aggregate sum by the number of components that were used. 


sure — Positive end-expiratory pressure. The final 
value for the lung injury score was obtained by dividing 
the aggregate sum by the number of components that 
were used. 

Additional data from chart review included demo- 
graphic information, previous and subsequent preg- 
nancy outcome, compliance with prenatal care, details 
of the delivery, cause of ARDS, presence and type of 
multiple systems organ failure, initial wedge pressure, 
cardiac output, and systemic vascular resistance ob- 
tained at insertion of the pulmonary artery catheter, 
duration of mechanical ventilation, complications of 
mechanical ventilation, other complications of intensive 
care unit support, duration of hospitalization, and ma- 
ternal survival. Infant clinical data included gestational 
age at delivery, birth weight, Apgar scores, complica- 
tions, duration of hospitalization, and survival. 

Failure of an organ system was defined by the criteria 
of Bell et al.'° For the cardiac system the abnormalities 
included cardiac tamponade, endocarditis, or myocar- 
dial infarction; for the central nervous system the ab- 
normalities included meningitis, intracranial hemor- 
rhage or infarction, or obtundation without an appar- 
ent cause. For the coagulation system the abnormalities 
included elevation of the prothrombin time or partial 
thromboplastin time to twice the control level, detect- 
able fibrin degradation products and decreased plate- 
lets to <50,000/mm’, or fibrinogen <200 mg/dl with 
or without clinical evidence of hemorrhage. Renal 
failure was diagnosed if the serum creatinine was 
>5 mg/dl. Failure of the gastrointestinal system in- 
cluded hemorrhage at any level requiring transfusion, 
acute perforation, ischemia with infarction, or intestinal 
obstruction. Failure of the hepatic system was diag- 
nosed if the aminotransferase levels were at least twice 
the upper limits of normal and the bilirubin was greater 
than the upper limits of normal. 

All patients were treated initially in the obstetric in- 
tensive care unit under supervision of the senior author 
(W.C.M.). However, 14 of the 16 were later transferred 
to medical (n = 12) or surgical intensive care units 
(n = 2). All patients had an arterial line, and at some 
time in their hospital course 15 patients underwent 
pulmonary artery catherization. While patients were on 
the ventilator, sedation was provided with narcotics or 
benzodiazepines; paralysis was provided with vecuro- 


nium or pancuronium bromide. Blood transfusion was 
given to maintain hematocrit of 230%. Nutritional sup- 
port was by enteral alimentation or, when enteral feed- 
ings were not tolerated, by central hyperalimentation. 
Complete autopsies were performed on five of the 
seven nonsurvivors. 

Results were analyzed by Wilcoxon’s two-sample test 
for comparison of central tendencies and by x’ or Fish- 
er’s exact test for comparison of proportions. Statistical 
significance was taken at p < 0.05. 


Results 


During the 6-year study period there were 46,285 
deliveries, for an incidence of ARDS of 1 per 2893 
deliveries. Table II shows the clinical summaries of the 
mothers and newborns. The mean lung injury score 
was 3.14 + 0.32 (range 2.75 to 3.75), The mean age of 
the patients was 26.3 + 6.5 years (range 14 to 36). Ten 
of 16 (63%) were black. Four patients (25%) had no 
prenatal care. The mean gravidity was 3.75 + 2.7 
(range 1 to 10). The mean parity was 2.5 + 2.7 (range 
0 to 9). Of the 11 multiparous patients four had pre- 
vious preeclampsia requiring preterm delivery and 
three had previous cesarean sections. Nine women sur- 
vived ARDS; one of them required a hysterectomy. 
Only two of the surviving women had subsequent preg- 
nancies. Both of these pregnancies resulted in term 
vaginal deliveries. The mean pulmonary capillary 
wedge pressure at insertion of the Swan-Ganz catheter 
was 10.2 + 3.4 mm Hg (range 2 to 15). The mean 
cardiac output was 7.15 + 1.9 L/min (range 2.88 to 
10.0); the mean systemic vascular resistance was 
1058 + 382 dynes/sec/cm™~* (range 615 to 2166). All 
15 of the patients with Swan-Ganz monitoring had an 
initial wedge pressure of =15 mm Hg, supporting the 
diagnosis of ARDS. The only patient without such mon- 
itoring had autopsy-proved ARDS. Nine of the 16 pa- 
tients (56%) were transferred from other hospitals. 
Twelve patients were ante partum and four post par- 
tum at the onset of ARDS. Of the 12 antepartum pa- 
tients, one had an ectopic pregnancy, seven were de- 
livered on the day of admission, and four were deliv- 
ered 5 days, 11 days, 6 weeks, and 17 weeks after 
admission. The respective causes of ARDS in the four 
with delayed delivery were as follows: smoke inhalation, 
influenza A, varicella, and pyelonephritis. Patients 8, 
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11, 13, and 14 were post partum at the onset of ARDS. 
All four had been delivered on the day of admission. 
The mean gestation at onset of ARDS was 29.4 + 7.9 
weeks (range 8 to 39 weeks). Six of 13 patients (46%) 
were delivered by cesarean section, five for fetal distress 
and one for uterine rupture. Of the 15 patients with 
intrauterine pregnancies, the indications for delivery 
were spontaneous labor in 14 patients and uterine rup- 
ture in one. The mean number of days on mechanical 
ventilation was 13.3 + 12.2 (range 3 to 54). The mean 
hospital stay was 21.3 + 17.0 days (range 3 to 61). 

The causes of ARDS were infection in eight, pre- 
eclampsia-eclampsia in four, massive hemorrhage in 
two, and one each with thrombotic thrombocytopenic 
purpura and smoke inhalation. Infectious causes were 
carefully documented. Varicella pneumonia was diag- 
nosed by clinical presentation with concomitant skin 
lesions. In one patient the diagnosis was confirmed by 
fluorescent antibody staining of a skin scraping. An- 
other was confirmed by autopsy. The patient with in- 
fluenza (Fig. 1) had a fourfold rise in complement fix- 
ation antibody titer during a 10-day interval (1:32 to 
1:512). The patient with pneumococcal pneumonia 
had positive blood cultures for Streptococcus pneumoniae. 
The patient with chorioamnionitis had a group B Strep- 
tococcus, Staphylococcus aureus, and Hemophilus influenzae 
cultured from her uterus at autopsy. The two patients 
with pyelonephritis had Escherichia colt cultured from 
their urine and blood. 

Multiple systems organ failure. Twelve of 16 pa- 
tients (75%) developed multiple organ failure. The 
most common organ failures were coagulation 
(n = 11), renal (n = 5), liver (n = 4), and central ner- 
vous system (n = 3). Multiple systems organ failure was 
present on admission in nine pat-ents. Gestational age 
on admission was lower in the multiple systems organ 
failure group than in the group with respiratory failure 
only (37.3 + 1.3 vs 26.8 + 7.4 weeks, p = 9.005). Days 
on the ventilator, maternal mortality, neonatal morbid- 
ity, and perinatal deaths were not different between the 
two groups. 

Complications of mechanical ventilation. Ventilator 
complications occurred in 13 patients (81%) of our 


study. Seven patients developed pneumothoraces, two . 


of which were tension pneumothoraces. Three patients 
had recurrent pneumothoraces, and one of them had 
a bronchopleural fistula with marked interstitial and 
subcutaneous emphysema. Six patients required tra- 
cheostomy for prolonged mechanical ventilation (usu- 
ally > 14 days). Self-extubation occurred in five patients 
and was directly contributory to one death. Distal mi- 
gration of the endotracheal tube into the right main- 
stem bronchus occurred in three patients, as identified 
by chest radiography. One patient had a severe nose- 
bleed after passage of a nasogastric tube. This required 
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a posterior nasal pack for 5 days. The combination of 
endotracheal intubation and nasal packing resulted in 
bilateral maxillary sinusitis. Another patient also had 
maxillary sinusitis. 

Other complications of intensive care unit support. 
Nine patients (56%) had other complications requiring 
intensive care unit support. These included superior 
vena cava thrombosis in association with long-term or 
repeated subclavian and internal jugular vein place- 
ment of pulmonary artery catheters and central hy- 
peralimentation lines. Bacteremia occurred in eight pa- 
tients (50%). Line sepsis was documented by positive 
blood cultures and catheter tip cultures in three of these 
patients. One patient developed Candida albicans en- 
docarditis, necessitating replacement of the aortic valve 
and debridement of the mitral valve. One patient had 
marantic endocarditis of all four valves with emboli- 
zation and infarction of the brain, kidneys, and lungs 
at autopsy. Another had trivalvular endocarditis (aortic, 
tricuspid, and pulmonary) at autopsy. 

Maternal mortality. Maternal death occurred in 
seven patients (44%). Patient 10 had sickle cell anemia 
with pneumococcal pneumonia. She was seen in acute 
respiratory failure and preterm labor. Fetal distress de- 
veloped, and a cesarean section was performed with 
the patient under general anesthesia; unrelenting 
pneumonia followed. Patient 11 had ruptured mem- 
branes at 22 weeks’ gestation, signed out against med- 
ical advice, and returned to the hospital in advanced 
septic shock. Patient 12 had varicella pneumonia re- 
quiring mechanical ventilation and was transferred to 
this hospital by helicopter. She was delivered as the 
helicopter was landing and extubated herself during 
transfer to the intensive care unit. Patient 13 had ma- 
lignant hypertension, seizures, and pulmonary edema 
and had a cardiac arrest shortly after admission. A ce- 
sarean section was performed within 5 minutes of start- 
ing cardiopulmonary resuscitation. The baby did well; 
however, hypoxic encephalopathy and multiple organ 
failure developed in the mother. Patient 14 had shock 
with liver rupture and an agonal fetal heart rate. The 
liver rupture required two laparotomies by the trauma 
surgeons. Hemorrhage was successfully controlled; 
however, ARDS and multiple systems organ failure de- 
veloped. The terminal event was a tension pneumo- 
thorax. Patient 15 was found unconscious at home with 
a ruptured ectopic pregnancy. She had successful sur- 
gery but never regained consciousness and was thought 
to have multiple organ failure, including hypoxic en- 
cephalopathy, because of prolonged shock. The final 
patient had thrombotic thrombocytopenic purpura (he- 
matocrit 12%, platelet count 4,000/mm?’) and was suc- 
cessfully delivered by cesarean section for fetal distress. 
She initially responded to plasmapheresis but then be- 
came refractory. Bilateral serous retinal detachments 
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Fig. 1. Serial chest radiographic changes over 3-month period in 29-year-old woman with ARDS 
caused by influenza A, who required mechanical ventilation for 54 days. 


(day 2) and acute renal failure requiring dialysis (day 
18) developed. She was given vincristine to control 
thrombotic thrombocytopenic purpura, but pancyto- 
penia, herpes simplex encephalitis, and multiple organ 
failure developed. 

All five patients that underwent autopsy (cases 11 
through 15) had pulmonary pathologic conditions con- 
sistent with ARDS. Unanticipated findings included a 
tension pneumothorax, bacterial endocarditis, and 
marantic endocarditis. Acute tubular necrosis was pres- 
ent in four patients, disseminated intravascular coag- 
ulation in two, and anoxic brain injury in two. 


Neonatal outcome. There was one ectopic pregnancy 


and two spontaneous second-trimester abortions. Of 


the 13 pregnancies that reached viability (224 weeks’ 
gestation), two stillbirths and one neonatal death oc- 
curred, for a perinatal mortality of 23%. One stillbirth 
resulted from uterine rupture in a patient with one 


previous low transverse cesarean section. The other 
resulted from maternal hypovolemic shock because of 


a ruptured liver hematoma. The neonatal death oc- 
curred secondary to necrotizing enterocolitis. The neo- 
nate weighed 954 gm at birth, came off the ventilator 
at 5 days, and was doing well until necrotizing entero- 
colitis suddenly developed on day 15 and he died on 
day 18 in spite of surgery. Of the 10 surviving infants 
eight did well and two had major morbidity (Table II). 

The mean birth weight was 2118 + 990 gm (range 
375 to 3405). The mean gestational age at delivery was 
32.4 + 5.6 weeks (range 22 to 40). Four patients were 





=37 weeks’ gestation at delivery. The Apgar score was 
<4 at | minute in six of 11 (46%) infants born alive 


and <7 at 5 minutes in the same six infants. The mean 
number of days in the hospital was 15.5 + 20.4 (range 
2 to 65). 


Comment 


In our study the main causes of ARDS in pregnancy 
were infection, preeclampsia or eclampsia, and hem- 
orrhage—reminiscent of the hemorrhage-infection- 
toxemia triad of maternal mortality. The numerous 
etiologies of ARDS associated with pregnancy were 
summarized in a recent review article.” A partial list 
includes aspiration, pyelonephritis, tocolytics, pre- 
eclampsia or eclampsia, chorioamnionitis, endometri- 
tis, septic abortion, thromboembolism, amniotic fluid 
embolism, air embolism, bacterial and viral pneumonia, 
and drug overdose. Our findings are similar to the only 
other reported series on ARDS in pregnancy. Smith et 
al.’ reported 14 cases of ARDS during pregnancy or 
within 1 month post partum. This represented one case 
per 3371 pregnancy-related admissions to their hos- 
pital. The main causes of ARDS were labor problems, 
infection, preeclampsia or eclampsia, and hemorrhage. 
Six patients had barotrauma with one patient sustaining 
an irreversible central nervous system injury. Maternal 
mortality was 43%. Neonatal outcome was not pre- 
sented. 

Infection was the major cause of ARDS in our series. 
Four patients had viral pneumonia, three varicella, and 
one influenza A. We treat two to four cases of varicella 
pneumonia per year. It usually responds in 3 to 7 days 
to intravenous acyclovir, which should be initiated at 
the first indication of pneumonia on chest radiography. 
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Table II. Case summaries 
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Neonatal data 
















Multiple 
Gestational systems organ | Days on 
age (wk) | Cause of ARDS failure ventilator | Complications Complications Outcome 
Survivors 
l 29 Varicella Lungs, coag- 21 Tracheostomy, 2200 None Survived 
ulation line sepsis, self- 
failure extubation 
twice 
2 36 Varicella No 7 Self-extubation 2769 None Survived 
3 22 Influenza A Lung, coagu- 54 Superior vena 375 Spontaneous 
lation fail- cava thrombo- abortion 
ure, liver sis, line sepsis, 
tracheostomy 
4 31 Pyelonephritis, Lungs, coag- 19 Amputation left 1674 Respiratory dis- Survived 
septic shock, ulation forearm and tress syn- 
purpura ful- failure, hand, Candida drome, intra- 
minans kidneys, endocarditis, ventricular 
heart aortic valve re- hemorrhage, 
placement, tra- hydrocephalus, 
cheostomy, di- shunted 
alysis 
5 23 Pyelonephritis, Lungs, coag- 9 3405 None Survived 
bilateral ulation 
ureteral failure 
stints 
6 a7 Superimposed No 6 2690 None Survived 
preeclamp- 
sia, pulmo- 
nary edema, 
respiratory 
arrest in 
labor 
7 29 Eclampsia, lu- Lungs, coag- 7 Reexploration 954 RDS, necrotizing Died 
pus nephri- ulation for abdominal enterocolitis 
tis, aspira- failure, wall hema- 
tion pneu- liver toma, nasal 
monia pack for nose- 
bleed, sinusitis 
8 39 Previous sec- No 5 Tension pneumo- 2925 Sullborn 
tion, uterine thorax, sepsis 
rupture, 
hysterec- 
tomy, reex- 
plored twice 
9 37 Smoke inha- No 7 Carboxyhemo- 3203 None Survived 
lation globin level 
24%, laryngo- 
tracheitis, 
burns of arms 
and legs, self- 
extubation 
Nonsurvivors 
10 34 Sickle cell ane- Lungs, liver 9 Overwhelming 2205 None Survived 
mia, pneu- sepsis, pneu- 
mococcal mothorax 
pneumonia 
1] 22 Premature Lungs, coag- 5 Trivalvular endo- 380 Spontaneous 
rupture of ulation carditis abortion 
membranes, failure, 
chorioam- kidneys 
nionitis, sep- 
tic shock 
12 30 Varicella Lungs, coag- 3 Self-extubation 1220 Respiratory dis- Survived 
ulation tress syn- 
failure drome, patent 


ductus arterio- 
sus, intraven- 
tricular hemor- 
rhage 
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Table II—Cont’d 











Gestational 


age (wk) 





Cause of ARDS 


Multiple 
systems organ 
failure 






Days on 
ventilator 






Complications 





Neonatal data 











Complications Outcome 


13 36 Eclampsia, Lungs, coag- 16 Hypoxic enceph- 3010 None Survived 
cardiac ar- ulation alopathy, pneu- 
rest, aspira- failure, mothorax, si- 
tion pneu- central nusitis, trache- 
monia nervous ostomy 
system, 
kidneys 
14 27 Superimposed Lungs, coag- 17 Tracheostomy, 2620 Stillborn 
preeclamp- ulation tension pneu- 
sia, rup- failure, mothorax, 
tured sub- kidneys, S. aureus sepsis 
capsular he- liver 
matoma of 
liver 
15 8 Ruptured ec- Lungs, coag- 16 Marantic endo- 
topic preg- ulation carditis with 
nancy, hypo- failure, extensive em- 
volemic central bolization, 
shock nervous hypoxic en- 
system cephalopathy, Ruptured ectopic pregnancy 
tracheostomy, 
bilateral pneu- 
mothoraces, 
bronchopleural 
fistula 
16 31 Thrombotic Lungs, coag- 12 Herpes simplex 2125 Respiratory and Survived 
thrombocy- ulation encephalitis, neurodepres- 
topenic failure, pneumothorax, sion with ma- j 
purpura central self-extubation, ternal illness, 4 
nervous dialysis, cardiac ventilator for | 
system, tamponade 17 hr ` 
kidneys, X 
heart A 





Acyclovir appears to be relatively safe in pregnancy, 
but its use should be limited to potentially life-threat- 
ening conditions.'' The infants all received varicella- 
zoster immune globulin and survived. The patient with 
influenza A had only a 3-day illness presenting with 
bilateral pneumonia. Amantadine was started within 3 
hours of admission, but the patient still had a prolonged 
course requiring 54 days of mechanical ventilation. 

The patient with sickle cell anemia and pneumococ- 
cal pneumonia was an immunocompromised host be- 
cause of autoinfarction of the spleen. The spleen pro- 
duces antibody to polysaccharide antigens, removes op- 
sonin-coated bacteria, and provides 
complement pathway components. It is not known if 
the patient had received pneumococcal vaccine. 

The pulmonary complications of pyelonephritis were 
originally described by Cunningham et al.'* They pre- 
sented four cases among a series of 250 patients with 
pyelonephritis. One required mechanical ventilation 
for 3.5 days. The other three responded to oxygen, 
furosemide, and antibiotics. In a follow-up report on 
15 patients during a 7-year period, three required me- 
chanical ventilation." They postulated that this was a 


alternative 


form of noncardiogenic pulmonary edema caused by 
endotoxin-mediated alveolar-capillary membrane in- 
jury. During the 6-year interval of our study, four pa- 
tients with pyelonephritis and acute respiratory failure 
were admitted to the obstetric intensive care unit. Two 
required mechanical ventilation and are included in 
this study. In one of our patients purpura fulminans 
developed; this was reported in two patients in the se- 
ries by Cunningham et al. However, one of their cases 
had an associated spontaneous colon perforation. Pur- 
pura fulminans is more commonly seen in childhood 
sepsis and results from vasospasm and microvascular 
thrombosis." 

The four patients with ARDS associated with pre- 
eclampsia-eclampsia had complex cases with multiple 
organ system involvement and many factors possibly 
contributing to their lung injury. Two patients had pul- 
monary edema. One had respiratory arrest and the 
other cardiac arrest. Hypoxia, acidosis, and aspiration 
could have contributed to ARDS. One patient had lu- 
pus erythematosus, eclampsia, aspiration, and HELLP 
syndrome (hemolysis, elevated liver enzymes, and low 
platelets) and required reexploration for an abdominal 


956 Mabie, Barton, and Sibai 


wall hematoma 2 days after cesarean section. The final 
patient had a ruptured liver hematoma with shock and 
massive transfusion contributing to ARDS. 

The two patients with hemorrhage had lung injury 
associated with shock. Additionally, one required two 
abdominal reexplorations. 

In the patient with thrombotic thrombocytopenic 
purpura ARDS developed as a late part of the multiple 
systems organ failure cycle. The mechanism of lung 
injury in the patient with smoke inhalation was direct 
mucosal and alveolar damage by noxious gases." 

Management of ARDS involves treating the under- 
lying cause, maintaining oxygenation with mechanical 
ventilation and positive end-expiratory pressure, nor- 
malizing acid-base derangements, and limiting the ac- 
cumulation of extravascular lung water.'* The pul- 
monary artery catheter is used to confirm the diagnosis 
(wedge pressure <18 mm Hg), to guide fluid manage- 
ment and inotropic therapy, and to obtain data (cardiac 
output, mixed-venous blood gases) for calculation of 
oxygen delivery, oxygen consumption, and intrapul- 
monary shunt. Fluid restriction and diuretics are used 
to maintain the wedge pressure as low as is compatible 
with satisfactory oxygen delivery and urine output. 
Early enteral nutritional support is important to main- 
tain gut integrity as “the gut is the motor of multiple 
systems organ failure.”'*'* Future therapies for ARDS 
include surfactant replacement, oxygen-free radical 
scavengers, arachidonic acid metabolite inhibitors, an- 
tiprotease agents, antiendotoxin antibodies, anti—tu- 
mor necrosis factor antibodies, and other immuno- 
therapies for sepsis.” Of these approaches, the only one 
currently approved for state-of-the-art clinical practice 
is antiendotoxin antibody therapy for gram-negative 
sepsis.” 

One of the major problems in ARDS is pulmonary 
barotrauma. Rupture of overdistended alveoli occurs 
because of high inspiratory airway pressure, extrinsic 
or intrinsic positive end-expiratory pressure, high tidal 
volumes, or patient uncoordination with the ventila- 
tor.” Although five of seven maternal deaths occurred 
in patients with pneumothoraces, pneumothorax con- 
tributed to only one death. Pneumothorax is primarily 
a marker of severe and prolonged ARDS.” Airway 
complications included self-extubation (five), right 
mainstem bronchus intubation (three), tracheostomy 
(six), aspiration pneumonia (two), and paranasal si- 
nusitis (two). Other complications of intensive care unit 
care included superior vena cava thrombosis, endocar- 
ditis, and bacteremia. There are many ways to prevent 
or treat these complications. It cannot be overempha- 
sized that trained and experienced personnel are re- 
quired for mechanical ventilatory support. Adverse oc- 
currences are fairly frequent.™® In our obstetric inten- 
sive care unit it has been our policy to transfer patients 
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with ARDS to the medical intensive care unit because 
the nurses and physicians there have more experience 
in managing the mechanically ventilated patient. 

The physiologic changes of pregnancy may have an 
impact on the pathophysiology of ARDS in five ways. 
(1) Extrathoracic compliance falls in late pregnancy. 
During mechanical ventilation a greater peak inspira- 
tory pressure is required to deliver a set tidal volume 
because the diaphragm must displace abdominal con- 
tents. The higher airway pressures may increase the 
potential for barotrauma. (2) Functional residual ca- 
pacity falls in ARDS because of microatelectasis. The 
fall in functional residual capacity with pregnancy may 
predispose to microatelectasis. (3) In ARDS oxygen up- 
take is dependent on oxygen delivery rather than being 
determined by the metabolic needs of the tissues.” The 
pregnant patient with ARDS may have a higher oxygen 
deficit and may preserve oxygenation to some tissue 
beds at the expense of others, thus increasing the risk 
of multiple systems organ failure. (4) Uterine compres- 
sion of the inferior vena cava may limit the increase in 
cardiac output required in ARDS. (5) Physiologic ane- 
mia of pregnancy slightly reduces oxygen delivery. 

Key questions in the management of ARDS in preg- 
nancy are the indications for and the route of delivery. 
Our data provide only partial answers to these ques- 
tions. Of the 15 patients with intrauterine pregnancies, 
all but four delivered on the day of admission, either 
because of spontaneous labor (n = 6), fetal distress 
(n = 4), or uterine rupture (n = 1). Of the four pa- 
tients who continued their pregnancies, one delivered 
5 days after admission and another aborted 11 days 
after admission. One patient with varicella and one with 
pyelonephritis recovered from ARDS and delivered 
several weeks later. Whether delivery will be of net 
benefit in the course of ARDS is unresolved. Manage- 
ment must be individualized. For example, if the pa- 
tient with ARDS has an infectious cause that may re- 
spond to antimicrobial or antiviral therapy and there 
is no evidence of fetal compromise, the authors would 
not recommend delivery. If delivery is indicated, the 
authors would attempt vaginal delivery, reserving ce- 
sarean section for standard obstetric indications. Six of 
our patients delivered vaginally while on mechanical 
ventilation. In three additional cases (7, 10, and 16) 
vaginal delivery was attempted, but cesarean section 
was required for fetal distress. Sosin et al.” reported 
the first case of successful vaginal delivery during me- 
chanical ventilation for ARDS in 1986. 


REFERENCES 


l. Matthay MA. The adult respiratory distress syndrome: 
new insights into diagnosis, pathophysiology, and treat- 
ment. West J Med 1989;150:187-94. 

2. Petty TL. Acute respiratory distress syndrome. Dis Mon 
1990;36:1-58. 


Volume 167 
Number 4, Part 1 


11. 


12. 


15. 


. Raffin TL. ARDS: mechanisms and management. Hosp 


Pract 1987;27:65-80. 


. Fowler AA, Hamman RF, Zerbe GO, Benson KN, Hyers 


TM. Adult respiratory distress syndrome— prognosis af- 
ter onset. Am Rev Respir Dis 1985;132:472-8. 


. Montgomery AB, Stager MA, Carrico CJ, Hudson LD. 


Causes of mortality in patients with the adult respiratory 
distress syndrome. Am Rev Respir Dis 1985;132:485-9. 


. Ashbaugh DG, Bigelow DB, Petty TL. Acute respiratory 


distress in adults. Lancet 1967;2:319-23. 


. Murray JF, Matthay MA, Luce JM, Flick MR. An ex- 


panded definition of the adult respiratory distress syn- 
drome. Am Rev Respir Dis 1988;138:720-23. 


. Eriksen NL, Parisi VM. Adult respiratory distress syn- 


drome and pregnancy. Semin Perinatol 1990;14:68-78. 


. Smith JL, Thomas F, Orme JF, Clemmer TP. Adult re- 


spiratory distress syndrome during pregnancy and im- 
mediately postpartum. West J Med 1990;153:508-10. 


. Bell RC, Coalson JJ, Smith JD, Johanson WG. Multiple 


organ system failure and infection in adult respiratory 
distress syndrome. Ann Intern Med 1983;99:293-8. 
Andrews EB, Yankaskas BC, Cordero JF, Schoeffler K, 
Hampp S, Acyclovir in Pregnancy Registry Advisory Com- 
mittee. Acyclovir in pregnancy: six years experience, Ob- 
stet Gynecol 1992;79:7-13. 

Cunningham FG, Leveno KJ, Hankins GDV, Whalley PJ. 
Respiratory insufficiency associated with pyelonephritis 
during pregnancy. Obstet Gynecol 1984;63:121-5. 
Cunningham FG, Lucas MJ, Hankins GDV. Pulmonary 
injury complicating antepartum pyelonephritis. AM J OB- 
STET GYNECOL 1987;156:797-807. 


16. 


17. 


19. 


20. 


Ai 


22. 


23. 


ARDS in pregnancy 957 


. Spicer TE, Rau JM. Purpura fulminans. Am J Med 


1976;61:566-71. 


. Summer W, Haponik E. Inhalation of irritant gases. Clin 


Chest Med 1981;2:273-87. 

Carrico CJ, Meakins JL, Marshall JC, Fry D, Maier RV. 
Multiple-organ-failure syndrome. Arch Surg 1986; 
121:196-201. 

Fry DE, Pearlstein L, Fulton RL, Polk HC Jr. Multiple 
system organ failure: the role of uncontrolled infection. 
Arch Surg 1980;115:136-40. 


. Pinsky MR, Matuschak GM. Multiple systems organ fail- 


ure: failure of host defense homestasis. Crit Care Clin 
1989;5:199-220. 

Ziegler EJ, Fisher CJ Jr, Spring CL, et al. Treatment of 
gram-negative bacteremia and septic shock with HA-IA 
human monoclonal antibody against endotoxin. N Engl 
J Med 1991;324;429-36. 

Pingleton SK. Complications of acute respiratory failure. 
Am Rev Respir Dis 1988;137:1463-93. 

Wagner PK, Knoch M, Sangmeister C, Müller E, Lennartz 
H, Rothmund M. Extracorporeal gas exchange in adult 
respiratory distress syndrome: associated morbidity and 
its surgical treatment. Br J Surg 1990;77:1395-8. 

Danek SJ, Lynch JP, Weg JG, Dantzker DR. The depen- 
dence of oxygen uptake on oxygen delivery in the adult 
respiratory distress syndrome. Am Rev Respir Dis 
1980; 122:387-95. 

Sosin D, Krasnow J, Moawad A, Hall JB. Successful spon- 
taneous vaginal delivery during mechanical ventilatory 
support of the adult respiratory distress syndrome. Obstet 
Gynecol 1986;68:19-23S. 


Make researching easier with the Ten-Year Cumulative Index (1978-1987) tothe AMER- 
ICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY 
The Ten-Year Cumulative Index is a complete guide to more than 30,000 pages of 
original articles, case reports, letters, and editorials published in the AMERICAN JOURNAL 
OF OBSTETRICS AND GYNECOLOGY from 1978 through 1987 (volumes 130 to 157). Num- 


bering more than 800 pages, the Cumulative Index includes both a subject and an author 
index. This hard-cover volume is $64.50 ($69.00 international). Prices include shipping. 
Payment must accompany all orders and must be in U.S. funds, drawn on a U.S. bank. 

Contact Mosby—Year Book, Inc., Subscription Services, 11830 Westline Industrial 
Drive, St. Louis, MO 63146-3318 USA; phone (314) 453-4394. In the U.S., call toll-free: 





1-800-325-4177, ext. 4394. Please allow six weeks for delivery. 

















Perinatal outcome in pregnancy complicated by 


massive obesity 


Jordan H. Perlow, MD, Mark A. Morgan, MD, Douglas Montgomery, MD, 


Craig V. Towers, MD, and Manuel Porto, MD 
Long Beach and Orange, California 


OBJECTIVE: Our objective was to determine the impact of massive obesity during pregnancy, defined as 


maternal weight >300 pounds, on perinatal outcome. 


STUDY DESIGN: A case-controlled study was conducted. Between Jan. 1, 1986, and Dec. 31, 1990, 111 
pregnant women weighing >300 pounds who were delivered at Long Beach Memorial Women's Hospital 
were identified with a perinatal data base search. A control group matched for maternal age and parity 
was selected, and perinatal variables were compared between groups. To control for potential confounding 
medical complications, massively obese patients with diabetes and/or chronic hypertension antedating the 
index pregnancy were excluded from the obese group, and the data were reanalyzed. The Student t test 
x°, and Fisher's exact statistical analysis were used where appropriate. 

RESULTS: Massively obese pregnant women are significantly more likely to have a multitude of adverse 
perinatal outcomes, including primary cesarean section (32.4% vs 14.3%, p = 0.002), macrosomia (30.2% 
vs 11.6%, p = 0.0001), intrauterine growth retardation (8.1% vs 0.9%, p = 0.03), and neonatal admission 
to the intensive care unit (15.6% vs 4.5%, p = 0.01). They also are significantly more likely to have 
chronic hypertension (27.0% vs 0.9%, p < 0.0001) and insulin-dependent diabetes mellitus (19.8% vs 
2.7%, p = 0.0001). However, when those massively obese pregnant women with diabetes and/or 
hypertension antedating pregnancy are excluded from analysis, no statistically significant differences in 


perinatal outcome persisted. 


CONCLUSION: Massively obese pregnant women are at high risk for adverse perinatal outcome: 
however, this risk appears to be related to medical complications of obesity. (AM J OBSTET GYNECOL 


1992;167:958-62.) 


Key words: Massive obesity, pregnancy, perinatal outcome 


Obesity, an excess amount of body fat, frequently 
results in significant impairment of health.! The Na- 
tional Health and Nutrition Examination Survey II 
study found that 25.6% of Americans are obese.*? Obe- 
sity is of particular interest and importance to those 
providing health care to women, because age-adjusted 
rates of obesity for females of all races significantly 
exceeds those for males.** Thus the problem of obesity 
is one that beckons further research among obstetri- 
cian-gynecologists. 

The impact of obesity during pregnancy has been 
the subject of several investigations of varying design 
and outcome.*'* This body of literature remains con- 
troversial with respect to the influence of obesity on 
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perinatal outcome. Problems inherent to the interpre- 
tation of these studies include the lack of uniformity in 
defining obesity, with the terms grotesque, massive, 
morbid, and severe used to categorize this disorder, the 
perinatal variables studied; and the lack of controlling 
for confounding variables of maternal age, parity, and 
medical complications. 

With an understanding of the immense problems 
obesity inflicts on the general health of reproductive- 
aged patients,'*'’ we sought to determine the impact 
of massive obesity (weight >300 pounds during preg- 
nancy) in our patient population. Our hypothesis was 
that perinatal outcome in these patients would be 
markedly compromised. 


Material and methods 


A computerized perinatal data base search was per- 
formed to identify patients delivered at Long Beach 
Memorial Medical Center Women’s Hospital between 
Jan. 1, 1986, and Dec. 31, 1990, with a maternal weight 
of >300 pounds during pregnancy. Instances where 
the same obese patient delivered twice during the study 
period were managed by analyzing only the most recent 
pregnancy. Selected maternal, fetal, and neonatal out- 
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Table I. Maternal descriptive variables 














Parameter Total (n = 111) 


29.7 + 5.7 (19-50) 


Age (yr) 
Parity 1.3 + 1.5 (0-8) 


Weight (lb) 333.8 + 48.9 (300-415) 


Excluding diabetes 
mellitus or chronic 
hypertension (n = 82) 


28.9 + 5.2 (19-45) 
1.1 + 1.3 (0-6) 
334.7 + 57.8 (300-415) 
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Control (n = 111) 


29.8 + 5.3 (19-41) NS 
1.3 + 1.4 (0-6) NS 
167.4 + 32.5 (110-273) <0.0001* 


NS, Not statistically significant. Values in parentheses are ranges. 


*Difference between obese and control groups. 


Table II. Perinatal outcome: Maternal medical complications 






Variable 


Diabetes mellitus 19.8 2.7 
Gestational diabetes 5.4 0.9 
Chronic hypertension 27.0 0.9 
Preeclampsia 4.5 0 





come variables were studied in each of these pregnan- 
cies by data base and patient chart review. Maternal 
demographic variables included maternal age, parity, 
and weight. Preexisting maternal medical complica- 
tions (insulin-dependent diabetes mellitus and chronic 
hypertension) and obstetric complications (twinning, 
preeclampsia, gestational diabetes, abruptio placentae, 
placenta previa, presence of meconium, and intrauter- 
ine fetal death) were reviewed. Cesarean section and 
preterm delivery rates and the neonatal variables of 
Apgar score, birth weight, and admission to the neo- 
natal intensive care unit were also determined. These 
outcome variables were also collected from a control 
group matched for maternal age, parity, and time of 
delivery. Each matched control pregnancy was consec- 
utively selected from the birth log after each index 
(massively obese) delivery. The outcome variables were 
then compared between groups. To control for con- 
founding medical conditions associated with obesity, 
massively obese patients with a diagnosis of insulin- 
requiring diabetes mellitus and/or chronic hyperten- 
sion antedating the index pregnancy were removed and 
the perinatal outcome variables reanalyzed for this sub- 
set. Differences in demographic and perinatal variables 
were evaluated with a two-tailed Student ¢ test, x’, 
and Fisher’s exact test, where appropriate. The signif- 
icance level was set at a = 0.05. 


Results 


One hundred eleven massively obese pregnant 
women (weight >300 pounds during pregnancy) were 
identified during the study period among 25,636 con- 
secutive deliveries (incidence 0.43%). One hundred 
eleven controls were selected as stated above. Data base 






Obese Control 
(n = 111) (n = 111) 


95% Confidence 


interval 





p 
9.0 


0.0001 2.4-27.3 
0.12 6.3 0.7-65.6 
<0.0001 40.7 5.8-155.6 

0.058 


information and patient charts were available for all 
patients. Maternal descriptive variables are presented 
in Table I. The mean maternal weight in the massively 
obese group was significantly greater than in the control 
group (p < 0.00001). By study design no significant 
differences were observed among the matched vari- 
ables, age and parity, between the two groups. Al- 
though four sets of twins were delivered among the 
massively obese pregnant women, twinning was not ob- 
served in the control group (difference not statistically 
significant). 

Table II illustrates the occurrence of maternal med- 
ical complications of pregnancy between groups. The 
massively obese pregnant women were significantly 
more likely to be delivered by cesarean section (Table 
III). The overall cesarean section rate for the massively 
obese group was nearly double that of the control group 
(p = 0.0002). The primary cesarean section rate for 
massively obese pregnant women was also significantly 
increased (p = 0.002). No differences in the occur- 
rence of placenta previa, abruptio placentae, or pre- 
term delivery (delivery before 36 completed weeks ges- 
tation) were observed between groups. 

Table IV illustrates differences in neonatal outcome 
variables between groups. Neonates born to massively 
obese pregnant women were significantly more likely 
to exhibit both low birth weight (birth weight <2500 
gm, p = 0.02) and macrosomia (birth weight >4000 
gm, p = 0.0001). An increased frequency of intrauter- 
ine growth retardation (birth weight <10th percentile 
for population) was also observed in the massively obese 
group (p = 0.03). Neonates born to massively obese 
pregnant women had l-minute Apgar scores more of- 
ten <5 (p = 0.04); however, this difference did not 
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Table III. Perinatal outcome: Delivery variables 






Outcome 


Cesarean section, overall 55.9 

Cesarean section, primary 32.4 

Cesarean section, cephalo- 25.4 
pelvic disproportion 

Cesearean section, fetal dis- 22.0 
tress 

Delivery <36 wk 13.5 


Obese Control 
(n = 111) (n = 111) T Odds ratio 


30.6 
14.4 

8.8 
17.6 


8.1 
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95% Confidence 
interval 








0.0003 1.6-5.2 
0.003 = 1.4-5.9 
0.12 3.3 0.8-14.6 
0.90 1.2 0.4-4.2 
0.28 1.8 0.7-4.6 





Values expressed as percent. 


Table IV. Perinatal outcome: Neonatal variables 


Obese 
(n = 115) 






Outcome 






Control 
(n = 111) 


Apgar score at | min <5 13.0 4.5 
Apgar score at 5 min <7 7.8 a 
Birth weight >4500 gm 13.0 1.8 
Birth weight >4000 gm 30.4 10.8 
Birth weight <2500 gm 14.7 4.5 
Intrauterine growth retar- 7.8 0.9 
dation 
Admitted to neonatal in- 15.6 4.5 


tensive care unit 


95% Confidence 








interval 
0.04 1.1-10.3 
0.16 F 0.7-14.2 
0.003 8.1 1.7-32.8 
0.0005 3.6 1.7-7.9 
0.02 3.6 1.2-11.9 
0.03 9.3 1.2-67.9 
0.01 3.9 1.3-12.6 





Values expressed as percent. For obese category n = 115 because of four twin sets. 


persist at 5 minutes. Interestingly, these neonates were 
also more likely to require admission to the neonatal 
intensive care unit (p = 0.01). 

To determine if significant differences in perinatal 
outcome were due to obesity per se or to medical com- 
plications more frequently observed in the massively 
obese group, the data were reanalyzed after excluding 


29 massively obese patients with the diagnosis of 


chronic hypertension or insulin-requiring diabetes mel- 
litus antedating pregnancy. The mean maternal age 
and parity for this group was again not significantly 
different from the control group (Table I). Mean ma- 
ternal weight for this group was not significantly dif- 
ferent from the overall massively obese group but was 
markedly different from controls (p < 0.0001). With- 
out exception, no statistically significant differences in 
perinatal outcome were observed when the data were 
analyzed in this manner (Table V). 


Comment 


The influence of obesity on the degradation of health 
is the subject of a wide body of literature.'**? Much is 
known regarding the obese individual’s increased risk 
for coronary artery disease, diabetes mellitus, stroke, 
and cancer. However, much less is known regarding 
the impact of obesity on perinatal outcome. 

This study reports the perinatal outcome for a group 
of obese patients with a degree of obesity not previously 
reported in the literature. Our data analysis, with re- 


spect to overall perinatal outcome and outcome be- 
tween groups, excluding the obese patients with insu- 
lin-dependent diabetes mellitus or chronic hyperten- 
sion, is also unique to the literature. 

We chose a pregnancy weight of >300 pounds to 
define massive obesity. This definition is random, be- 
cause unfortunately a standardized nomenclature does 
not exist. However, obesity is commonly defined in 
terms of the body mass index (weight [kg]/height [m°]) 
or percent ideal body weight (percent weight in relation 
o “ideal” weight determined from actuarial tables). 

Obesity during pregnancy has been defined in a 
multitude of ways: as prepregnancy weight >200 
pounds),* * >120%* ° or >110% (mean obese weight 
171 pounds),'' ideal body weight at first prenatal visit, 
gravid weight >90 kg,’ and body mass index >30." 
Recently, Wolfe et al.*' reported no benefit in the use 
of maternal body mass index over the gravid weight in 
the risk assessment of outcomes related to maternal 
weight. Massive and morbid obesity have been defined 
as pregnancy weight >250 pounds,’ prepregnancy 
weight 150% ideal body weight,*'? morbid obesity as 
200% ideal body weight, and grotesque obesity as three 
times “accepted desirable weight.” This lack of uni- 
formity makes interpreting the literature as a whole 
virtually impossible, emphasizing the importance of un- 
derstanding the definitions used, populations studied, 
and outcome variables assessed in each study. 

We found a remarkable higher frequency of chronic 
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Table V. Perinatal outcome excluding massively obese with insulin-dependent diabetes mellitus and 


chronic hypertension 








Obese Control 
Outcome (n = 82) (n = 111) 

Cesarean section 42.7 30.6 
Primary cesarean section 19.5 14.4 
Apgar score at 1 min <5 4.9 4.5 
Apgar score at 5 min <7 2.4 2.0 
Birth weight >4500 gm 3.7 1.8 
Birth weight >4000 gm 14.6 11.7 
Birth weight <2500 gm 3.7 4.5 
Intrauterine growth retar- 4.9 0.9 

dation 
Admitted to neonatal intensive 4.9 1.9 

care unit 














95% Confidence 
interval 


p 


0.12 L 0.9-3.2 
0.89 0.9 0.3-2.7 
0.73 2.1 0.3-130.0 
0.70 Le 0.5-3.2 
0.73 2.1 0.3-130.0 
0.70 1.3 0.5-3.2 
0.94 0.8 0.5-4.0 
0.82 1.1 0.3-4.9 
0.21 5.6 0.6-83.0 





Values expressed as percent. 


hypertension (27.0% vs 17.2%) and diabetes mellitus 
(19.8% vs 10.4%) in our massively obese group when 
compared with the morbidly obese group (>150% ideal 
body weight) reported by Garbaciak et al.,'° although 
no differentiation was made between gestational and 
insulin-dependent diabetics. This observation may be 
related to the more obese population we studied, and 
these findings are consistent with the known increased 
association of these medical conditions with increasing 
“degrees” of obesity.'**" * 

In contrast to other studies demonstrating an in- 
creased risk of gestational diabetes,” '* we were unable 
to show such an association. Because these obese pa- 
tients were multiparous and relatively older, it may be 
that they had previously been gestational diabetics and 
eventually were diagnosed as insulin-dependent by the 
time the index pregnancy occurred. This may also ac- 
count for the high frequency of insulin-dependent di- 
abetes observed in this group (Table II). 

In spite of a 27% frequency of chronic hypertension 
in our massively obese group, we were unable to dem- 
onstrate a statistically significant increased frequency 
of preeclampsia in this group. This is in contrast to 
previous observations." ^7 However, a strong trend was 
present (p = 0.058), and with larger numbers signifi- 
cance might be met (Table II). 

We demonstrated significantly increased overall and 
primary cesarean section rates in the massively obese 
group (Table III). This is consistent with some” '® !'? but 
not all? reports. These differences were not observed 
to persist when the massively obese diabetics and hy- 
pertensives were removed from data analysis (Table V). 
This suggests that obesity per se does not lead to an 
increased risk of cesarean section but rather to the in- 
herent increased risk of medical complications of preg- 
nancy described. Garbaciak et al.'® reported an increase 
in the primary cesarean section rate for morbidly obese 
patients after patients with antepartum complications 
were removed from data analysis. However, he re- 


ported a frequency of chronic hypertension of 17.2% 
and of diabetes mellitus 10.4%. Removing fewer pa- 
tients with these complications may not be expected to 
change the frequency of cesarean delivery. The finding 
of increased cesarean section rates for this population 
is particularly important when one considers the in- 
creased operative morbidity described for the obese 
patient population.” 

Before controlling for chronic hypertension and in- 
sulin-dependent diabetes mellitus, we found a signifi- 
cantly increased frequency of both low birth weight and 
macrosomic neonates in the massively obese group. Ma- 
crosomia is a rather consistent finding in pregnancy 
complicated by obesity** 7% '? and may be related to the 
increased frequency of diabetes (both gestational and 
insulin requiring) seen in this population. In contrast, 
patients with chronic hypertension and classes of dia- 
betes associated with vasculopathy and nephropathy 
are at increased risk for low birth weight and intra- 
uterine growth retardation.” ” The high frequency of 
chronic hypertension and insulin-dependent diabetes 
mellitus in our massively obese population could cer- 
tainly account for these findings, because these differ- 
ences were not apparent when these medical compli- 
cations were controlled for (Table V). 

Our observation that neonates of the massively obese 
pregnant women were more frequently admitted to the 
neonatal intensive care unit is indicative of the high 
obstetric risk factors of chronic hypertension and in- 
sulin-dependent diabetes mellitus and not necessarily 
due to obesity in and of itself (Tables IV and V). 

Therefore it appears that pregnant women with a 
pregnancy weight >300 pounds are at an increased risk 
for a multitude of adverse perinatal outcomes. Partic- 
ularly striking is the enormously increased risk of 
chronic hypertension and diabetes mellitus in these pa- 
tients, the higher rates of cesarean delivery and adverse 
neonatal outcomes, including low birth weight, intra- 
uterine growth retardation, and admission to the neo- 
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natal intensive care unit. However, the present findings 
indicate that the massively obese pregnant women with- 
out chronic hypertension or insulin-dependent diabe- 
tes mellitus may experience normal perinatal outcome. 
These data may be useful in preconceptual and pre- 
natal counseling and in the perinatal management of 
the massively obese pregnant woman. 


pis 
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mortality rate associated with different methods of contraception at different ages. These estimates include the combined risk 
3f death associated with contraceptive methods plus the risk attributable to pregnancy in the event of method failure. Each 
nethod of contraception has its specific benefits and risks. The study concluded that with the exception of oral-contraceptive 
Jsers 35 and older who smoke and 40 and older who do not smoke, mortality associated with all methods of birth control 
s less than that associated with childbirth. The observation of a possible increase in risk of mortality with age for oral- 
>ontraceptive users is based on data gathered in the 1970's—but not reported until 1983. However, current clinical practice 
nvolves the use of lower estrogen dose formulations combined with careful restriction of oral-contraceptive use to women who 
Jo not have the various risk factors listed in this labeling. Because of these changes in practice and, also, because of some 
imited new data which suggest that the risk of cardiovascular disease with the use of oral contraceptives may now be less 
han previously observed, the Fertility and Maternal Health Drugs Advisory Committee was asked to review the topic in 1989. 
rhe Committee concluded that although cardiovascular-disease risks may be increased with oral-contraceptive use after age 
10 in healthy nonsmoking women (even with the newer low-dose formulations), there are greater potential health risks 
associated with pregnancy in older women and with the alternative surgical and medical procedures which may be necessary 
f such women do not have access to effective and acceptable means of contraception. Therefore, the Committee recom- 
nended that the benefits of oral-contraceptive use by healthy nonsmoking women over 40 may outweigh the possible risks. 
Jf course, older women, as all women who take oral contraceptives, should take the lowest possible dose formulation that 
s effective. 

3. Carcinoma of the Reproductive Organs. Numerous epidemiological studies have been performed on the incidence of breast, 
*ndometrial, ovarian and cervical cancer in women using oral contraceptives. The overwhelming evidence in the literature 
suggests that use of oral contraceptives is not associated with an increase in the risk of developing breost cancer, regardiess 
of the age and parity of first use or with most of the marketed brands ond doses. The Cancer and Steroid Hormone (CASH) 
itudy also showed no latent effect on the risk of breast concer for at least a decade following long-term use. A few studies 
Jove shown a slightly increased relative risk of developing breast cancer, although the methodology of these studies, which 
ncluded differences in examination of users and nonusers ond differences in age at start of use, has been questioned. Some 
tudies suggest that oral-contraceptive use has been associated with an increase in the risk of cervical intraepithelial neo- 
asia in some populations of women. However, there continues to be controversy about the extent to which such findings may 
1e due to differences in sexual behavior and other factors. In spite of many studies of the relationship between orol- 
‘ontraceptive use and breast ond cervical cancers, a cause-and-effect relationship has not been established. 

. Hepotic Neoplasia. Benign hepatic adenomas are associated with oral-controceptive use, although the incidence of benign 
umors is rare in the United States. Indirect calculations have estimated the attributable risk to be in the range of 3.3 cases/ 
09,000 for users, a risk that increases after four or more years of use. Rupture of rare, benign, hepatic adenomas may cause 
leath through intra-abdominal hemorrhage. Studies from Britain have shown an increased risk of developing hepatocellular 





carcinoma in long-term (>8 years) oral-contraceptive users. However, these cancers are extremely rare in the US. and thi 
attributable risk (the excess incidence) of liver cancers in oral-contraceptive users approaches less than one per million users 
5. Ocular Lesions. There have been clinical case reports of retinal thrombosis associated with the use of oral contra 
ceptives Oral contraceptives should be discontinued if there is unexplained partial or complete loss of vision; onset of proptosi: 
or diplopia; papilledema; or retinal vascular lesions. Appropriate diagnostic and therapeutic measures should be under 
taken immediately. 

6 Oral-Contraceptive Use Before or During Early Pregnancy. Extensive epidemiological studies have revealed no increased ris! 
of birth defects in women who have used oral contraceptives prior to pregnancy. Studies also do not suggest o teratogeni\ 
effect, particularly insofar as cardiac anomalies and limb-reduction defects are concerned, when taken inadvertently durin 
early pregnancy The administration of oral contraceptives to induce withdrawal bleeding should not be used as a test for pregnancy 
Oral contraceptives should not be used during pregnancy to treat threatened or habitual abortion. It is recommended that fo 
any patient who has missed two consecutive periods, pregnancy should be ruled out before continuing oral-controceptive use 
If the patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the 
first missed period. Oral-contraceptive use should be discontinued if pregnancy is confirmed. 

7. Gallbladder Disease. Earlier studies have reported an increased lifetime relative risk of gallbladder surgery in users of ora 
contraceptives and estrogens. More recent studies, however, have shown that the relative risk of developing gallbladder disease 
among oral-contraceptive users may be minimal. The recent tindings of minimal risk may be related to the use of oral-contraceptive 
formulations containing lower hormonal doses of estrogens and progestogens. 

8. Carbohydrate and Lipid Metabolic Effects. Oral contraceptives have been shown to couse glucose intolerance in a significan 
percentage of users. Oral contraceptives containing greater than 75 micrograms of estrogens cause hyperinsulinism, while 
lower doses of estrogen cause less glucose intolerance. Progestogens increase insulin secretion and create insulin resistance 
this effect varying with different progestational agents. However, in the nondiabetic woman, oral contraceptives appeor to have 
no effect on fasting blood glucose. Because of these demonstrated effects, prediabetic and diabetic women should be carefull 
observed while taking oral contraceptives, A small proportion of women will have persistent hypertriglyceridemia while on the 
pill. As discussed earlier (see “Warnings” la. and 1d.), changes in serum triglycerides and lipoprotein levels have been reportec 
in oral-contraceptive users 

9. Elevated Blood Pressure. An increase in blood pressure has been reported in women taking oral contraceptives and this increase 
is more likely in older oral-contraceptive users and with continued use. Data from the Royal College of General Practitioners 
and subsequent randomized trials have shown that the incidence of hypertension increases with increasing quantities ol 
progestogens, Women with a history of hypertension or hypertension-related diseases, or renal disease should be encouraged 
to use another method of contraception. If women with hypertension elect to use oral contraceptives, they should be monitored 
closely, and if significant elevation of blood pressure occurs, oral contraceptives should be discontinued. For most women. 
elevated blood pressure will return to normal after stopping oral contraceptives, and there is no difference in the occurrence 
of hypertension among ever-and never-users. 

10. Headache. The onset or exacerbction of migraine or development of headache with a new pattern that is recurrent, persis: 
tent or severe requires discontinuation of oral contraceptives and evaluation of the cause. 

11. Bleeding Irregularities. Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives 
especially during the first three months of use. The type and dose of progestogen may be important. Nonhormonal causes 
should be considered and adequate diagnostic measures taken to rule out malignancy or pregnancy in the event of break: 
through bleeding, as in the case of any abnormal vaginal bleeding. If pathology hos been excluded, time or a change to another: 
formulation may solve the problem. In the event of amenorrhea, pregnancy should be ruled out. Some women may encounter 
post-pill amenorrhea or oligomenorrhea, especially when such a condition was preexistent. 

Precautions 

1. PHYSICAL EXAMINATION AND FOLLOW UP. A complete medical history and physical examination should be taken prior to 
the initiation or reinstitution of oral contraceptives and at least annually during use of oral contraceptives. These physica! exam- 
inations should include special reference to blood pressure, breasts, abdomen and pelvic organs, including cervical cytology, 
and relavant laboratory tests. In case of undiagnosed, persistent or recurrent abnormal vaginal bleeding, appropriate diag- 
nostic measures should be conducted to rule out malignancy. Women with a strong family history of breast cancer or who 
have breast nodules should be monitored with particular care. 2. LIPID DISORDERS. Women who are being treated for hyper- 
lipidemias should be followed closely if they elect to use oral contraceptives. Some progestogens may elevate LDL levels and 
may render the control of hyperlipidemias more difficult. (See “Warnings” 1d.) 3. LIVER FUNCTION. If jaundice develops in any 
woman receiving such drugs, the medication should be discontinued. Steroid hormones may be poorly metabolized in patients 
with impaired liver function. 4. FLUID RETENTION. Oral contraceptives may couse some degree of fluid retention They should 
be prescribed with caution, and only with careful monitoring, in patients with conditions which might be aggravated by fluid 
retention. 5. EMOTIONAL DISORDERS. Patients becoming significantly depressed while taking oral contraceptives should stop 
the medication and use an alternate method of contraception in an attempt to determine whether the symptom is drug related. 
Women with a history of depression should be carefully observed and the drug discontinued if depression recurs to a serious 
degree 6. CONTACT LENSES. Contact-iens wearers who develop visual changes or changes in lens tolerance should be 
assessed by an ophthalmologist. 7. DRUG INTERACTIONS. Reduced efficacy and increased incidence of breakthrough bleeding 
and menstrual irregularities have been associated with concomitant use of rifampin. A similar association, though less marked, 
has been suggested with barbiturates, phenylbutazone, phenytoin sodium, and possibly with griseofulvin, ampicillin and tetra- 
cyclines, 8. INTERACTIONS WITH LABORATORY TESTS. Certain endocrine-and liver-function tests and blood components may 
be affected by orol contraceptives: a Increased prothrombin and factors VII, Vill, IX, and X; decreased antithrombin 3; increased 
norepinephrine-induced platelet aggregability. b. Increased thyroid-binding globulin (TBG) leading to increased circulating total 
thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column or by radioimmunoassay. Free T3 resin uptake is 
decreased, reflecting the elevated TBG, free T4 concentration is unaltered. c. Other binding proteins may be elevated in serum. 
d. Sex-binding globulins are increased and result in elevated levels of total circulating sex steroids and corticoids; however, 
free or biologically active levels remain unchanged. e. Triglycerides may be increased. f. Glucose tolerance may be decreased. 
g. Serum folate levels may be depressed by oral-contraceptive therapy. This may be of clinical significance if a woman becomes 
pregnant shortly after discontinuing oral contraceptives. 9. CARCINOGENESIS. See “Warnings” section. 10. PREGNANCY. Pregnancy 
Category X. See “Contraindications” and “Warnings” sections. 11. NURSING MOTHERS. Small amounts of oral-contraceptive 
Steroids have been identified in the milk of nursing mothers and a few adverse effects on the child nave been reported, including 
jaundice and breast enlargement. In addition, oral contraceptives given in the postpartum period may interfere with lactation 
by decreasing the quantity and quality of breast milk. If possible, the nursing mother should be advised not to use oral con- 
traceptives but to use other forms of contraception until she has completely weaned her child, 

Information for the Patient 

See Patient Labeling 

Adverse Reactions 

An increased risk of the following serious adverse reactions has been associated with the use of oral contraceptives (see “Wamings” 
section): thrombophlebitis, arterial thromboembolism, pulmonary embolism, myocardial infarction, cerebral hemorrhage, cerebral 
thrombosis, hypertension, gallbladder disease, hepatic adenomas or benign liver tumors. 

There is evidence of an association between the following conditions ond the use of oral contraceptives, although additional 
conf rmatory studies are needed: mesenteric thrombosis, retinal thrombosis. 

The following adverse reactions have been reported in patients receiving oral contraceptives and are believed to be drug related 
nausea; vomiting; gastrointestinal symptoms (such as abdominal cramps and bloating); breakthrough bleeding; spotting; change 
in manstrual flow; amenorrhea; temporary infertility after discontinuation of treatment; edema, melasma which may persist: 
breast changes: tenderness, enlargement, secretion; change in weight (increase or decrease); change in cervical erosion and 
secretion, diminution in lactation when given immediately postpartum; cholestatic jaundice; migraine; rash (allergic); mental 
depression; reduced tolerance to carbohydrates; vaginal candidiasis; change in corneal curvature (steepening), intolerance 
to contact lenses. 
The following adverse reactions have been reported in users of oral contraceptives and the association has been neither confirmed 
nor refuted: congenital anomalies, premenstrual syndrome, cataracts, optic neuritis, changes in appetite, cystitis-ike syndrome, 
headache, nervousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, cerebral-vascular disease with mitral valve 
prolapse, lupus-like syndromes, erythema nodosum, hemorrhagic eruption, vaginitis, porphyria, impaired renal function, hemolytic 
uremic syndrome, Budd-Chiari syndrome, acne, changes in libido, colitis, sickle-cell disease. 
Overdosage 
Serious ill effects have not been reported following acute ingestion of large doses of oral contraceptives by young children. 
Overdosage may couse nausea, and withdrawal bleeding may occur in females 
Noncontraceptive Health Benefits 
The following noncontroceptive health benefits related to the use of oral contraceptives ore supported by epidemiological 
Studies which largely utilized oral-contraceptive formulations containing doses exceeding 0.035 mg of ethinyl estradiol or 0.05 
mg of mestranol 
Effects on menses: increased menstrual cycle regularity, decreased blood loss and decreased incidence of iron-deficiency 
anemia, decreased incidence of cysmenorrhea. 

Effects related to inhibition of ovulation: decreased incidence of functional ovarian cysts, decreosed incidence of ectopic preg- 
nancies. 

Effects from long-term use: decreased incidence of fibroadenomas and fibrocystic disease of the breast, decreased incidence 
of acute pelvic inflammatory disease, decreased incidence of endometrial cancer, decreased incidence of ovarian concer 
Dosage and Administration 
To achieve maximum contraceptive effectiveness, TRI-LEVLEN® tablets (Levonorgestrel and Ethiny! Estradiol Tablets—Triphasic 
Regimen) must be taken exactly as directed and at intervals not exceeding 24 hours. 
For full details on dosage and administration see prescribing information in package insert 
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Severity of asthma and perinatal outcome 


Jordan H. Perlow, MD, Douglas Montgomery, MD, Mark A. Morgan, MD, 


Craig V. Towers, MD, and Manuel Porto, MD 
Long Beach and Orange, Californiá 


OBJECTIVE: Our objective was to determine the impact of asthma and its severity, as determined by 


medication requirements, on perinatal outcome. 


STUDY DESIGN: A case-controlled study was conducted. Among 30,940 live births at ete Beach 
Memorial Medical Center Women’s Hospital, 183 deliveries occurred between Jan. 1, 1985, and Dec. 31, 
1990, that were coded for the diagnosis of asthma. Eighty-one that required the chronic use of 
medications to control their disease were identified. Thirty-one patients were steroid dependent and 50 
were non-steroid-medication dependent. A control group was randomly selected (excluding maternal 
transports), and selected perinatal variables were compared between groups. 

RESULTS: When compared with controls, steroid-dependent asthmatics were at significantly increased 
risk for gestational (1.5% vs 12.9%) and insulin-requiring diabetes (0% vs 9.7%). Preterm delivery and 
preterm premature ruptured membranes occurred significantly more often in both asthmatic groups. 
Overall cesarean section rate was significantly increased in the non-steroid-medication—dependent 
asthmatic group when compared with controls (56.0% vs 30.0%). Delivery by primary cesarean section 
was sgnificantly more common in the steroid-dependent group (38.7% vs 19.2%), and a strong trend was 
noted among the non-steroid-medication—dependent patients (34.0% vs 19.2%). Cesarean delivery for 
fetal distress was also more common in these two asthmatic groups. Neonates born to both groups of 
asthmatic pregnant women were significantly more likely to be of birth weight <2500 gm but did not 

have an increased frequency of intrauterine growth restriction. No significant differences in low 5-minute 
Apgar scores were found; however, neonates born to both steroid-dependent and 
non-st2roid-medication—dependent asthmatics were significantly more likely to be admitted to the neonatal 
intensive care unit (39.0% and 22.0% vs 7.7%). Preterm delivery and low birth weight were complications 
observed significantly more often in the steroid-dependent asthma group when compared with the 
non-steroid-medication—dependent group (54.8% vs 14.0% and 45.2% vs 14.0%). . 
CONCLUSIONS: Perinatal outcome is compromised in the pregnancy complicated by chronic 
medicétion-dependent asthma. The extent is variable and is associated with disease severity, as 
measured by medication requirements. (Am J Osstet GyNEcoL 1992;167:963-7.) 


Key words: Asthma, medication-dependent; perinatal outcome 


Asthma is a chronic pulmonary disease characterized 
by increased responsiveness of the tracheobronchial 
tree to a variety of stimuli, resulting in a reduction in 
airway diameter as a result of smooth muscle contrac- 
tion, bronchial wall edema, and thick tenacious secre- 
tions.’ It is a relatively common disorder, affecting ap- 
proximately 3% to 4% of the general population, and 
is the most common pulmonary problem encountered 
during pregnancy, affecting between 0.4% and 1.3% 
of pregnant women.’ 
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The effect of pregnancy on the natural history of 
asthma has been the subject of several investigations 
whose findings vary slightly.** In general, however, ap- 
proximately one-third of asthmatic patients will expe- 
rience a worsened clinical course during pregnancy. 
Less clear, however, are the effects of asthma on peri- 
natal outcome. A variety of adverse outcomes, includ- 
ing increased perinatal mortality,’ low birth weight,’ 
and increased frequencies of cesarean delivery’ and 
preeclampsia, in the pregnant woman with asthma 
have been described. Lacking from these individual 
studies, however, is a stratification of the severity of 
asthma within the population studied. Thus perinatal 
outcome has been assessed in patients with varying dis- 
ease severity. Investigations of only steroid-dependent 
asthmatics '' are descriptive and uncontrolled, and 
one" includes patients receiving both oral and inhaled 
corticosteroids. 

Therefore we sought to determine if the severity of 
asthma, as determined by patient medication require- 
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Table I. Medications taken by 
steroid-dependent asthma group (n = 31) 


Medication No.* 
Prednisone plus theophylline 29 
Prednisone plus metaproterenol 26 
Prednisone plus other inhaler 15 
Prednisone plus terbutaline 15 
Prednisone plus miscellaneous 5 


*Total >31 because all pauents were taking more than pred- 
nisone alone. 


Table II. Medications taken by 
non-steroid-medication—dependent 


group (n = 50) 
Medication No.* 
Theophylline 4] 
Metaproterenol inhaler 27 
Other inhaler . 21 
Terbutaline 12 
Cromolyn sodium . 4 


*Total >50 because majority of patients were prescribed 
more than one drug. 


ment, had an impact on perinatal outcome. Our hy- 
pothesis was that patients with severe asthma were at 
increased risk for adverse perinatal outcome. 


Material and methods 


A case-control study design was used. A computer- 
ized perinatal data base search was performed to iden- 
tify patients delivered at Long Beach Memorial Medical 
Center Women’s Hospital between Jan. 1, 1985, and 
Dec. 31, 1990, with a diagnosis of asthma. Patient charts 
were reviewed for long-term use of prescription med- 
ications for asthma during the index pregnancy and 
were included in the study. Patients identified to be 
using “over-the-counter” drugs or prescription medi- 
cations only on an as-needed basis met exclusion cri- 
teria. Patients requiring long-term administration of 
oral steroid preparations were designated the steroid- 
dependent asthmatic group, whereas patients requiring 
prescription medications other than steroids were des- 
ignated the non-steroid-medication—dependent asth- 
matic group. Patients in whom asthma exacerbation 
required intravenous corticosteroids but who did not 
require continued oral steroids at the time of discharge 
and patients in whom steroid therapy was limited to 
aerosolized preparations were entered into the non- 
steroid-medication—dependent group. Patients in 
whom oral steroids were tapered and then discontinued 
remained in the steroid-dependent group. Selected ma- 
ternal, fetal, and neonatal outcome variables were 
studied in each of these pregnancies by data base and 
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patient chart review. Maternal demographic variables 
included maternal age and parity. Other preexisting 
maternal medical complications (insulin-dependent di- 
abetes mellitus and chronic hypertension) and obstetric 
complications (hospital admission for preterm labor, 
preterm premature rupture of the membranes, pre- 
term delivery [delivery <37 weeks], preeclampsia, ges- 
tational diabetes, intrauterine fetal death, and cesarean 
delivery) were reviewed. Neonatal outcome variables 
reviewed included Apgar score at 5 minutes and fre- 
quencies of low birth weight (weight <2500 gm), in- 
trauterine growth restriction (birth weight <California 
10th percentile”), congenital anomalies, and admission 
to the neonatal intensive care unit. These outcome vari- 
ables were also collected from a control group, which 
was selected by choosing the two deliveries after the 
index asthma case (matched for time of delivery), sub- 
sequently excluding maternal transport patients. The 
outcome variables were then compared among the 
three groups; steroid-dependent and non-steroid-med- 
ication~dependent asthmatics and controls. Differ- 
ences in demographic and perinatal outcome variables 
were evaluated with a two-tailed Student ¢ test and x’, 
and two-tailed Fisher’s exact test, where appropriate. 
Odds ratio and 95% confidence interval were calcu- 
lated. The significance level was set at a = 0.05. 


Results 


One hundred eighty-three asthmatic patients were 
delivered of infants during the study period among 
30,940 consecutive live births (incidence 0.59%). One 
hundred seventy-seven (96.7%) of these charts were 
complete and available for analysis. Eighty-one deliv- 
eries of 76 asthmatic patients met the study entry cri- 
teria and were entered into the two asthma groups. 
Thirty-one pregnancies met criteria for inclusion into 
the steroid-dependent asthma group, and 50 pregnan- 
cies met inclusion criteria for entry into the non-steroid- 
medication -dependent group. The remaining patients 
met the above-stated study exclusion criteria. One hun- 
dred thirty controls were selected as stated above. 

Tables I and II list the various medications that were 
taken by both groups. All patients in the steroid-de- 
pendent groups were also taking one or more medi- 
cations taken by the non-steroid-medication—depen- 
dent group. The mean maternal age and parity of ste- 
roid-dependent asthmatics (28 + 6 years and 1.1 + 
1.3} were similar to those of non-steroid-dependent 
asthmatics (29 + 5 years and 1.1 + 1.4) and control 
patients (28 + 5 years and 0.9 + 1.1). 

Steroid-dependent asthmatics were significantly 
more likely to have insulin-dependent diabetes mellitus 
and to have development of gestational diabetes than 
were controls, whereas non-steroid-medication—de- 
pendent asthmatics did not show a significantly in- 
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Table HI. Perinatal outcome: Maternal medical complications 







Variable 
Diabetes mellitus 9.7 2,0 
Gestational diabetes 12.9 4.0 
Chronic hypertension 3.2 2.0 
Preeclampsia 9.7 2.0 
Maternal admission for 71.0 30.0 
asthma exacerbation 
Admission >4 days 22.6 4.0 


NA, Not applicable. 


creased occurrence of these complications (Table III). 
Similarly, steroid-dependent asthmatics were more 
than twice as likely to have an antepartum admission 
for asthma exacerbation and were five times more often 
admitted for >4 days, when compared with the non- 
steroid-dependent asthmatics (Table III). No statisti- 
cally significant differences were observed in the fre- 
quencies of chronic hypertension and preeclampsia 
among asthma and control groups (Table III). 

Although the overall cesarean section rate was sig- 
nificant.y higher in the non-steroid-dependent asth- 
matics compared with controls, both asthmatic groups 
underwent cesaréan section for fetal distress signifi- 
cantly more often than controls (Table IV). Steroid- 
dependent patients were at a significantly increased 
risk for delivery by primary cesarean section, while a 
strong trend was observed in the non-steroid-medica- 
tion~dependent group compared with controls (Ta- 
ble IV). 

Patients in both the steroid-dependent and non-ste- 
roid-medication—dependent asthma groups were sig- 
nificant.y more likely to be admitted for preterm labor, 
to be delivered before 37 weeks, and to have their preg- 
nancies complicated by preterm premature rupture of 
the membranes (Table IV). Interestingly, steroid-de- 
pendent asthmatics had a significantly higher fre- 
quency of admission for preterm labor and preterm 
delivery compared with non-steroid medication—de- 
pendent asthmatics (Table IV). 

No differences were observed in low 5-minute Apgar 
scores among all groups; however, neonates born to 
asthmatic patients were significantly more likely to re- 
quire neonatal intensive care unit admission (Table V). 
Low-birth-weight neonates (birth weight <2500 gm) 
were more often delivered of steroid-dependent asth- 
matic mothers than of controls, whereas a strong sta- 


Asthma groups 


Sterotd-dependent | Non-steroid-dependent 





, Odds ratios and 95% confidence intervals 

















Control Non-steroid- | Steroid-dependent 
group (P) | Sterotd-dependent| dependent vs vs non-steroid- 
us control group | control group dependent 


0 Odds ratio not Odds ratio not 5.3 (0.4-126.1) 
calculable calculable p= 03 
p = 0.01 p = 0.6 
1.5 19.1 (1.9-138.1) 2.7 (<0.1-212.7) 4.6 (0.7-34.9) 
p = 0.02 p= 0.7 p= 0.1 
4.7 0.7 (<0.1-6.2) 0.4 (<0.1-3.6) 1.6 (0.1-19.1) 
p= 0.9 p = 0.7 p = 0.7 
2.3 4.0 (0.6-26.7) 0.9 (0.4-9.5) 5.3 (0.4-126.1) 
p = 0.2 p = 0.8 p= 04 
NA ` — — 5.7 (1.9-17.3) 
p < 0.001 
NA — — 7.0 (1.3-39.0) 
p = 0.026 


tistical trend was noted for the increased occurrence of 
this variable in the non-steroid-medication—dependent 
asthmatics. Low birth weight was significantly increased 
in the steroid-dependent over the non-steroid-depen- 
dent group (Table V). 

No s:gnificant differences were observed for the fre- 
quency of congenital anomalies among groups (Table 
V). No anomalies were observed in the steroid-depen- 
dent group, whereas two, a ventriculoseptal defect and 
syndac-yly, were observed in the non-steroid-medica- 
tion—dependent group. The occurrence of intrauterine 
growth restriction was comparable among groups 
(Table V). 


Comment 


In evaluating investigations on perinatal outcome of 
asthma during pregnancy, we found that categorization 
of disease severity is lacking.** Although these data may 
provide general useful information, the impact of dis- 
ease severity on perinatal outcome may not be apparent. 

We describe the perinatal outcome in asthmatic pa- 
tients with long-term dependence on prescription med- 
ications to control the disease and hence prevent status 
asthmaticus. By excluding asthmatic patients using 
“over-the-counter” or “as-needed basis” medications, 
we selected the most severe cases of asthma in our pa- 
tient population. By dividing these asthmatic patients 
into steroid-dependent and non-steroid-medication— 
dependent groups, we have enhanced the use of these 
observations in the clinical setting. 

We observed a significantly increased frequency of 
both insulin-dependent and gestational diabetes mel- 
litus in the steroid-dependent asthmatic group when 
compared with controls (Table III). Because many of 
these steroid-dependent patients were concurrently 
treated with terbutaline, these findings may be consis- 
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Table IV. Perinatal outcome: delivery variables 


Asthma groups 







Odds ratios and 95% confidence intervals 
















Steroid-dependent | Non-steroid-dependent | Control Non-steroid- | Sterord-dependent 
group (%) | Steroid-dependent| cependent vs vs non-steroid- 
Variable (n = 130) | vs control group | control group dependent 
Cesarean section, 38.7 56.0 30.¢ 1.5 (0.6-3.6) 3.0 (1.4-6.2) 0.5 (0.2-1.4) 
overall p= 0.5 p = 0.002 p = 0.2 
Cesarean section, 38.7 34.0 19.2 2.6 (1.1-6.6) 2.2 (1.0-4.8) 1.2 (0.4-3.4) 
primary p = 0.04 p = 0.05 p = 0.8 
Cesarean section, 41.6 24.1 5.1 13.2 (1/7-83.0) 6.2 (1.1-37.0) 2.5 (0.5-13.9) 
distress p = 0.01 p = 0.04 p = 0.4 
Admitted for preterm 48.4 10.0 1.6 59.1 (11.2- 7.0 (1.1-40.5) 8.4 (2.4-32.2) 
labor 178.0) p = 0.03 p < 0.0003 
p < 0.0001 
Preterm premature . 25.8 10.0 1.6 21.9 (3.9-82.2) 6.3 (1.1-37.8) 83.1 (0.8-12.7) 
rupture of p < 0.0001 p = 0.04 p<0.1 
membranes 
Preterm delivery 54.8 14.0 3.9 29.9 (8.6-111.3) 4.0 (1.1-15.5) 7.5 (2,3-25.2) 
<37 wk p< 0.0001 p = 0.037 p = 0.0002 
Preterm delivery _ 6.5 5.9 1.6 4.4 (0.2-98.5) 4.1 (0.5-47.4) 1.1 (0.7-8.7) 
<32 wk p = 0.3 p= 0.3 p = 0.7 


Table V. Perinatal outcome: Neonatal variables 


Asthma groups 


Steroid-dependent| Non-sterord-dependent 


Odds ratios and 95% confidence intervals 









Nor-steroid- 










(%) (%) group (%) | Steroid-dependent vs | dependent vs | Steroid-dependent vs 
Variable control group control group | non-steratd-dependent 
Apgar score at 5 6.5 3.9 0.8 8.9 (0.4-206.0) 5.4 (0.1-241.1) 1.6 (<0.1->200.0) 
min <7 l £ = 0.2 p= 0A4 p = 1.0 
Birth weight 45.2 14.0 4.6 17.0 (5.2-58.4) 3.4 (0.9-12.1) 5.1 (1.6-17.0) 
<2500 gm p < 0.0001 p = 0.06 p = 0.004 
p = 0.004 
Birth weight 3.9 4.0 0.8 4.3 (<0.1~>200.0) 5.3 (0.1-241.0) 0.8 (0.3-2.2) 
<1000 gm p= 0.8 p = 0.4 p = 0.7 
Intrauterine 6.5 8.0 1.5 4.4 (0.2-98.5) 5.6 (0.8-40.2) 0.8 (0.1-5.5) 
growth retar- fp = 0.3 p = 0.09 p = 0.9 
dation 
Admitted to neo- 39.0 22.0 i | 7.6 (2.6-22.4) 3.4 (1.3-9.4) 0.4 (0.1-1.3) 
natal intensive p < 0.0001 p = 0.015 p = 0.2 
care unit 
Anomalies 0 4.0 25 Odds ratio not cal- 1.3 (<0.1-8.7) | Odds ratio not cal- 
culable p= 0.9 culable 
$ = 0.7 p = 0.7 
tent with the occurrence of carbohydrate intolerance common occurrence for patients in the asthma groups 
with B-sympathomimetic therapy’ and with the dia- (Table IV). Although patients with non-steroid-medi- 
betogenic effects of prolonged glucocorticoid admin- cation—dependent asthma had an overall increased ce- 
istration.'* Fitzsimons et al.'’ found a similar frequency sarean section rate, both groups of asthmatics had an 
of gestational diabetes (12.5%) in a population of 56 increased risk for primary cesarean section and cesar- 
gravid asthmatics requiring either oral or inhalational ean delivery because of fetal distress, as compared with 
steroid therapy. We found nearly a fivefold increase in controls. The majority of literature has not evaluated 
the occurrence of preeclampsia in the steroid-depen- cesarean section rate among asthmatics. Lao and 
dent asthmatic group compared with controls (Table Huengsburg,’ however, found an increased risk for ce- 
III). Although this difference did not reach statistical sarean delivery among 87 pregnancies complicated by 
significance, the trend is consistent with other inves- asthma, 33 of whom were not receiving asthma medi- 
tigators’ observations of an increased risk of pre- cations. Among those who were treated medically, an 
eclampsia.®* ° increased risk for cesarean section before labor was 


Delivery by cesarean section was a significantly more found. Stenius-Aarniala et al.° observed a significantly 
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increased occurrence of both overall and elective ce- 
sarean section among 198 pregnancies complicated by 
asthma, 56% of which were considered “mild” or “very 
mild.” Risks for primary cesarean section because of 
fetal distress were not evaluated in these reports. 


Investigators evaluating perinatal outcome in steroid-` 


dependent asthmatics have not addressed risk for ce- 
sarean delivery.’ '' 

We observed a significantly increased risk of hospital 
admission for preterm labor, preterm premature rup- 
ture of the membranes, and preterm delivery (delivery 
before 37 weeks’ gestation) for each asthma group com- 
pared with our control population (Table IV). Schatz 
et al,” in data on steroid-dependent asthmatic preg- 
nant women, observed a preterm delivery frequency of 
14.0%, which is markedly less than the 54.8% we en- 


countered. This may be due to population differences, . 


because the data collected in the former study were 
multiinstitutional and by questionnaire. The incidence 
of medical complications, diabetes mellitus and chronic 
hypertension, that may lead to preterm delivery were 
not reported. Interestingly, we observed in comparing 
the two asthma groups that steroid-dependent asth- 
matics were at significantly increased risk for preterm 
labor and preterm delivery. Fortunately, however, the 
risk for preterm delivery before 32 weeks’ gestation was 
not increased (Table IV). 

We observed that neonates born into the steroid-de- 
pendent asthma group were at significantly increased 
risk for low birth weight (<2500 gm), affecting nearly 
50% of this group. Similarly, there was a strong trend 
toward an increased risk of low birth weight in the 
neonates born to the non-steroid-medication—depen- 
dent group (Table V). In spite of these findings, a sig- 
nificantly increased risk for intrauterine growth restric- 
tion was not observed, in spite of a fivefold increased 
frequency of intrauterine growth—restricted neonates 
in the non-steroid-medication—dependent group com- 
pared with controls (Table V). Although intrauterine 
growth restriction had not been evaluated in previous 
literature, the finding of low birth weight as a compli- 
cation of asthma in pregnancy is again controversial, 
supported by some**'’ but not all investigators.® '* The 
finding that neonates born to the asthma groups were 
significantly more likely to be admitted to the neonatal 
intensive care unit appears to be a function of pre- 
maturity and low birth weight rather than hypoxia 
(Table V). 

Therefore our findings are inconsistent with the 
statement “the pregnant woman can be reassured that 
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her asthma will have no bearing on her pregnancy or 
on the outcome of her delivery,” made several decades 
ago. In the populations studied we observed asth- 
matics with a long-term dependence on prescription 
medications during pregnancy to be at a significant risk 
for a multitude of adverse perinatal outcomes. Al- 
though both asthma groups studied are at risk, the 
steroid-dependent asthmatics seem to be at even 
greater risk than the non-steroid-medication—depen- 
dent patients. These data may prove useful in precon- 
ceptual and prenatal counseling and in the perinatal 
management of the pregnancy complicated by asthma. 
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Pregnancy loss and thrombosis with protein C ceniciency 


ia. J. Trauscht-Van Horn, MD; Eleanor L. Capeless, MD, Thomas R. Easterling, MD, 


and Edwin G. Bovill, MD . 
Seatile, Washington, and Burlington, Vermont 


OBJECTIVES: Protein C inhibits coagulation and promotes fibrinolysis. This study investigates the 
association between protein C deficiency and pregnancy loss, thrombosis in pregnancy, and thrombosis 


with oral contraception. 


STUDY DESIGN: Fifteen protein C~deficient patients and 37 controls from a single kindred were studied. 
An obstetric history was obtained by telephone. Data were analyzed by logistic regression, Fisher's exact 


test, and Student t test. 


RESULTS: Protein C—deficient women experienced a 33% pregnancy loss versus 19% i in the controls (not 
significant). Thromboembolism during pregnancy in protein C—deficient women was 33% (45% in those 
not receiving prophylactic anticoagulation) versus 5% in controls (odds ratio 7.37, p = 0.026). Five of 12 
protein C—deficient women using oral contraception developed thrombosis versus 0 of 33 controls. The 
risk of thrombosis for protein C—deficient women using oral contraception is increased (p < 0.001%. 
CONCLUSIONS: Perinatal outcome is not statistically different with protein-G deficiency. Protein C 
deficiency increases the risk of thrombosis during pregnancy and with oral contraception. Prophylactic 
heparin is suggested during pregnancy for protein C—deficient women with personal or family histeries of 
thrombosis. Oral contraception is not advised. (AM J OssTET GYNECOL 1992:167:968-72.) 


Key words: Protein deficiency, pregnancy, thrombosis, oral contraception, fetal loss 


Protein C, a vitamin K—dependent plasma protein, 


circulates in the plasma as an inactive zymogen. It is - 


activated by thrombin when bound to thrombomodu- 
lin, an endothelial membrane bound cofactor.'? Protein 
C inhibits thrombosis through two mechanisms. It func- 
tions as an anticoagulant by degrading the active forms 
of V and VIII. Protein S, a vitamin K—dependent co- 


factor, aids in this inactivation.*® It also. promotes f- 


brinolysis through the inhibition of tissue plasminogen 
activator inhibitor.” . . 
Protein C deficiency, inherited in an autosomal dom- 
inant pattern with variable expressivity, is associated 
with several clinical syndromes. The most common is 
thromboembolic disease. The increased risk of throm- 
bosis has been well documented.'*"’ Coumarin-induced 
hemorrhagic skin necrosis has been described in het- 
erozygotes.'* Purpura fulminans occurs in infants ho- 
mozygous for the gene.” *® . 
The effects of protein C deficiency in pregnancy are 
unknown. This study investigates the question of in- 
creased pregnancy loss in protein C—deficient women. 
It also examines thrombosis during pregnancy and oral 
contraception. We hypothesize that protein C defi- 
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ciency is associated with an increased risk of fetal loss 
and thrombosis during pregnancy and with oral contra- 
ception. 


Material and methods 


The subjects for this investigation were drawn from 
a single New England kindred (n = 411) (Fig. 1).’° Of 
these, 184 members had previously been described in 
a thrombosis study at the Specialized Center of Re- 
search in Thrombosis, University of Vermont College 
of Medicine.” In this group there were 114 living 
women. Eighty-five were of childbearing age (>16 
years). We were able to contact 75 of these women. 
Fifty-three had been pregnant. All 53 agreed to par- 
ticipate. One subject was excluded because she also had 
a lupus anticoagulant. Of the remaining 52, 15 were 
protein C deficient, and 37 were nondeficient controls. 

Protein C antigen levels were measured with murine 
monoclonal antibody HPC-2.”° Protein C deficiency was 
defined as protein C antigen levels <66% of the normal 
plasma pool. 

Subjects were interviewed by telephone. A detailed 
obstetric history was acquired after consent was ob- 
tained. A standard questionnaire was used by a single 
interviewer. Pregnancy loss and thrombosis were ad- 
dressed. Subjects were also questioned about the oc- 
currence of preterm labor, birth weight, and abruptio 
placentae. Potential confounding factors such as smok- 
ing, alcohol and drug use, infections, hypertension, di- 
abetes, and medications in each pregnancy were ad- 
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Fig. 1. Family pedigree. 


dressed. The study was approved by the University of 
Vermor.t Committee on Human Research. 

Data on thrombosis and fetal loss during pregnancy 
were analyzed by logistic regression. Fisher’s exact test 
was used to analyze the oral contraception data, and 
the Student ¢ test was used for the birth weight data. 


Results 


Maternal characteristics of protein C-—deficient 
women and controls were similar (Table I). Pregnancy 
outcome is described in Table II. Fig. 2 shows the num- 
ber of losses per subject to be similar. There was not a 
statistical difference in pregnancy loss between the two 
groups, but we had limited power to detect differences 
because of the small sample size. 

Thrombosis data appear in Table III. Fig. 3 shows 
thrombotic episodes in relation to pregnancy and oral 
contraception use in the six protein C—deficient women 
with a history of thrombosis. The risk of thrombosis 
during pregnancy is increased with protein C defi- 
ciency. The odds ratio, calculated by logistic regression 
analysis, for thrombosis in pregnancy with protein C 


Table I. Maternal characteristics 


Protein C 
deficiency Controls 


No. of women 15 37 
No. of pregnancies 46 111 
Averge age (yr) 24 + 4.5 24 + 5.3 
Hypertension 1 (6%) 3 (8%) 
Diaketes 1 (6%) 0 
Cigarette use 5 (33%) 13 (35%) 
Alcohol use 2 (13%) 4 (11%) 


deficiency was 7.37 (p = 0.026). There is a marked 
increased risk of thrombosis in protein C—deficient 
women on oral contraception (p < 0.001), 


Comment 


Several case reports have noted episodes of throm- 
boembolism in protein C—deficient women during 
pregnancy.'”'® One of the case reports suggests the de- 
ficiency may be associated with placental insufficiency 
and subsequent fetal loss.'? A study comparing the in- 
cidence of thrombosis in pregnant women with anti- 
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Fig. 2. Pregnancy losses: 


Table IL. Pregnancy outcome 


pa 
Number of women 15 37 
' Birth weight (gm) 
Mean + SD 3068 + 564 3116 + 455 NS 
Range 2040 - 4184 2152 - 4198 
Birth weight <2000 gm 9 0 
Birth weight <2500 gm 3 9 
Successful pregnancy 15 (100%) 37 (100%) NS 
Preterm labor 3 (20%) 9 (24%) NS 
Pregnancy loss(es) 5 (33%) 7 (19%) 0.29 
<12 wk 3 4 
12-20 wk ] 3 
>20 wk i= 0 
NS, Not significant. 
*At 26 weeks. 
Table III. Thrombosis 
pa 
No. of women 15 37 
No. of women with thrombosis 6 2 
Thrombosis in pregnancy 
Overall 5/15 (33%) 2/37 (5%) 0.026 
With anticoagulation 0/4 
Without anticoagulation 5/11 (45%) 
Distribution 
Antepartum Z () 
Postpartum 3 2 
Thrombosis with oral contraception 
No. who used oral contraceptives 12/15 (80%) 33/37 (90%) 
Thrombosis with oral contraceptives 5/12 (42%) 0/33 0.001 


thrombin HI, protein C, and protein S deficiencies 
showed a greater incidence with antithrombin III de- 
ficiency than with protein C or protein S$ deficiency.” 
There has not been a study with appropriate controls 
examining the effects of protein C deficiency during 
pregnancy. 


There does not appear to be an increased risk of 
pregnancy loss with protein C deficiency. Protein C— 
deficient women and controls experienced similar pat- 
terns of loss, both in the number of losses per subject 
(Fig. 2) and in the distribution during the three trimes- 
ters. Neither group experienced a premature birth with 
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a birth weight <2000 gm. Three infants born to protein 
C—deficient women weighed <2500 gm. Nine infants 
born to women in the control group weighed <2500 
gm. The average birth weights and birth weight ranges 
were similar. All protein C—deficient women were able 
to have a successful term pregnancy. This is in contrast 
to women with lupus anticoagulant syndrome who ex- 
perience significant fetal loss.” The predisposition for 
thrombosis in lupus anticoagulant syndrome is thought 
to involve placental vessels, causing infarction and ne- 
crosis with subsequent fetal loss.” 

Protein C deficiency is associated with an increased 
risk of thrombosis during pregnancy and during the 
use of cral contraception. All protein C~deficient 
women who experienced thrombosis had their first 
thrombotic event with either pregnancy or while taking 


oral contraceptives (Fig. 3). They then had subsequent 
episodes of thrombosis while not pregnant or taking 
oral contraceptives. Increased estrogen levels, as occurs 
in pregnancy and oral contraception, may play a role 
in the initiation of the clinical manifestations of the 
deficiency. 

The incidence of protein C deficiency in the general 
population has been estimated at 1 in 200 to 300.” 
Protein C kindreds without thrombosis have been de- 
scribed. Our subjects were members of a single kindred 
with a strong family history of thrombosis. The ob- 
stetric effects of protein C deficiency may differ among 
the various families. This variation in clinical symptoms 
among protein C—deficient subjects is unexplained. In 
this stucy one protein C—deficient subject did have a 
disproportionate number of pregnancy losses (four 


972 Trauscht-Van Horn et al. 


losses in six pregnancies) and four thrombotic 
events. 

In our study of a thrombotic kindred 45% of protein 
C—deficient women not receiving anticoagulation ex- 
perienced thrombosis. There were no thrombotic ep- 
isodes in the three protein C—deficient women (four 
pregnancies) given prophylactic heparin. Long-term 
full anticoagulation with heparin during pregnancy is 
associated with the risks of osteoporosis, thrombocv- 
topenia, and bleeding. These risks are thought to be 
minimized with prophylactic anticoagulation. Prophy- 
lactic anticoagulation warrants consideration in protein 
C—deficient women with family aistories of thrombosis 
in spite of these risks because of the high incidence 
(45%) of thrombosis. This is especially so because every 
woman with a thrombotic history experienced her first 
thrombotic episode with either pregnancy (not neces- 
sarily the woman’s first) or while using oral contracep- 
tion. Thus one is unable to predict which protein C— 
deficient women will start to have clotting complications 
from their histories. 

In summary, perinatal outcome was not statistically 
different for protein C—deficient women. There is not 
an increase in pregnancy loss, and successful pregnancy 
is to be expected. There is an increased risk of throm- 
bosis in protein C—deficient women during periods of 
increased estrogen, such as pregnancy and during the 
administration of estrogen-containing oral contracep- 
tion administration. The use of oral contraception is 
not advised in protein C—deficient women. Prophylac- 
tic heparin is recommended during pregnancy for pro- 
tein C—deficient women with eitaer a personal or family 
history of venous thrombotic d:sease. 
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The prevalence of sexual assault: A survey of 2404 


puerperal women 


Andrew J. Satin, MD, Susan M. Ramin, MD, Jean Paicurich, BS, Shara Millman, BS, and 


George D. Wendel, Jr., MD 
Dallas, Texas l 


OBJECTIVE: The purpose of this investigation was to determine the prevalence of sexual assault, to 

characterize pregnancy complications, and to report pregnancy outcomes of assault victims. 

STUDY DESIGN: Puerperal women (n = 2404) were interviewed regarding a history of forced sexual 
contact. Obstetric, medical, and forensic records were reviewed. Statistical analysis was performed by 


Student t test, x° test, or Fisher's exact test. 


RESULTS: The lifetime prevalence of sexual assault in this obstetric population was 5% (n = 120). Rape 
victims had a higher incidence of sexually transmitted diseases (9% vs 4%, p < 0.01), urinary tract 
infections or vaginitis (32% vs 21%, p = 0.02), drug use (9% vs 2%, p < 0.001), and multiple 
hospitalizations during the index pregnancy (15% vs 8%, p < 0.01). There was no difference between 
victims and nonvictims in neonatal outcome as reflected by umbilical artery blood pH, gestational age, or 


birth weight. 


CONCLUSIONS: A history of sexual assault is common in an urban indigent obstetric population. These 
women have more frequent pregnancy complications but achieve normal pregnancy outcomes. (AM J 


OBSTET GYNECOL 1992;167:973-5.) 


Key words: Sexual assault, rape, pregnancy 


United States government crime statistics suggest a 
woman is sexually assaulted every 6 minutes, and the 
incidence of sexual assaults has increased four times as 
fast as the overall crime rate.' Sexual assault is reported 
to be a cause of severe emotional* ° and physical’ 
trauma. The determination of the actual prevalence of 
sexual assault in the general population has been lim- 
ited by the underreporting of assaults. Investigators 
have reported lifetime rates of sexual assault in adult 
women ranging from 1% to 84%.*” The prevalence of 
sexual assault in an obstetric population remains to be 
elicited. 

In a previous retrospective study we estimated an 
incidence of rape of 0.06% of pregnancies.* The pur- 
pose af this investigation was to ascertain the lifetime 
prevalence of sexual assault in urban gravid women 
and the prevalence of sexual assault during the index 
gestation. Our second aim was to describe the charac- 
teristics of the victim and the assault, identify preg- 
nancy complications, and report their outcomes. 
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Material and methods 


Parkland Memorial Hospital in Dallas is a tax-sup- 
ported institution whose obstetrics department serves 
indigent women. All women delivered of infants be- 
tween June 1, 1991, and Aug. 1, 1991, were approached 
and asked to participate in this survey. 

All the participants were interviewed in English or 
Spanish by one of the female investigators (J.P. or 
S.M.). The interviews were conducted in a private set- 
ting on the postpartum ward. The introductory ques- 
tions were: “Has anyone ever pressured or forced you 
to have sexual contact? If so, before this pregnancy? 
During this pregnancy?” If the patient answered yes to 
any of these questions, she was then asked if she would 
agree to a more in-depth interview. ‘This included ques- 
tions addressing the number of assaults, description of 
the assailants, previous knowledge of the assailants, and 
types of pressure or force used. Sexual assault victims 
included women who had forced penile, digital, or for- 
eign object penetration of the vulva, oral cavity, or anus. 
Forced fondling, cunnilingus, and fellatio were also in- 
cluded in the definition. The use of drugs and alcohol 
related to the assault and the current pregnancy was 
explored. The incidence of genital and extragenital 
trauma and the frequency of reported incidents were 
ascertained by history and review of medical and police 
reports. 
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Table I. Comparison of maternal characteristics between assauli victims and nonvictims 


Assault victims Nanvictims 
(n = 120) (n = 2284) 


Parameter Comparison 

Age (yr, mean + SE) 23.5 + .5 220° SD ; NS 
Ethnicity (No. and %) 

Black 29 (24%) 739 (32%) _ 

Hispanic 40 (33%) 1141 (50%) 

White 51 (43%) 358 (16%) p< 0.001 
High school graduates (No. and %) 27 (23%) 329 (14%) p< 0.01 
Separated or divorced (No. and %) 16 (13%) 114 (5%) p < 0.001 
Employed (No. and %) 33 (28%) 430 (19%) p = 0.02 

Table II. Comparison of pregnancy factors and pregnancy complications between assault victims 
and nonvictims Í 
Assault victims Nonvictims 
Parameter (n = 120) (n = 2284) Comparison 

Nulliparous (No. and %) 42 (35%) 816 (36%: NS 
Gestational age (wk, mean + SE) 38.6 + 0.3 38.7 + 0.1 NS 
Prenatal care (No. and %) 102 (85%) 2013 (88%; NS 
Prior hospitalization during preg- 18 (15%) 183 (8%) p<0.01 

nancy (No. and %) 
Pregnancy complications (No. and %) 

Sexually transmitted diseases 11 (9%) 90 (4%) p< 0.01 

Urinary tract infections or vaginitis 38 (32%) 497 (22%) p = 0.01 

Drug use 11 (9%) 35 (2%) p < 0.001 


Medical and hospital records were reviewed for pre- 
natal care (a minimum of two clinic visits before deliv- 
ery), pregnancy complications, admission diagnosis, la- 
bor and delivery outcome, and newborn status. Stats- 
tical analysis was performed with the Student £ test, x? 
test, and Fisher’s exact test, where appropriate. Values 
of p = 0.05 were considered sigrificant. 


Results 


During the study period 2420 pregnancies were de- 
livered at Parkland Memorial Hospital and 2404 puer- 
peral women agreed to be interviewed. Importantly, 
only three women declined; 13 women left the hospital 
before being asked to participate in the survey. A his- 
tory of sexual assault during their lifetimes was elicited 
in 120 (5%) women. The incidence of sexual assault 
during the current gestation was 0.2% (n = 5). 

Shown in Table I is a comparison of patient demo- 
graphics for those with and without a history of sexual 
assault. As compared with nonvictims, women with a 
history of sexual assault were more likely to be white 
(43% vs 16%, p < 0.001), high school graduates (23% 
vs 14%, p < 0.01), employed (28% vs 19%, p = 0.02), 
and separated or divorced (13% vs 5%, p < 0.001). As 
illustrated in Table II, the two groups were similar in 
gestational age at delivery (38.6 vs 38.7 weeks, p not 
significant) and prenatal care (8% vs 88%, p not sig- 
nificant). However, previously assaulted victims were 
more likely to have pregnancy complications (Table IT} 
and require hospitalization before labor (15% vs 8%, 
p < 0.01). There was no differenc2 between victims and 


nonvictims in neonatal outcome as reflected by umbil- 
ical artery blood acidemia (pH <7.0) (0 vs 7, p not sig- 
nificant}, 5-minute Apgar score <7 (1 vs 16, p not sig- 
nificant), and birth weight (3153 vs 3110 gm, p not 
significant). 

Responses to a series of descriptive questions re- 
garding the assault are shown in Table III. Penile pen- 
etration of the vagina occurred in 64%, the oral cavity 
in 10%, and the anus in 4%. The remainder involved 
fondling, cunnilingus, fellatio, or nonpenile penetra- 
tion. Multiple penetration was reported in 37% and was 
defined as penetration involving more than one orifice 
or more than one episode of rape in a single orifice. 
The victim most often felt pressured or forced by 
means of the physical size cf the assailant (62%). Weap- 
ons were involved in 21% of assaults. Knowledge of the 
assailant was frequent (n = 90, 75%). Friends (n = 21, 
18%), acquaintances (n = 15, 13%), parents (n = 12, 
10%), and other relatives “n = 26, 22%) were named 
most frequently as the assailants. Only 44 women (37%) 
assaulted reported the incident to the police. 

The five women assaulted during the current ges- 
tation had multiple urinary tract infections (n = 3) and 
reported illicit drug use (n = 2). Three of these women 
were delivered before 36 weeks’ gestation, and two of 


the infants weighed <2500 gm. Interestingly, all 


women assaulted during pregnancy reported the in- 
cident to the police. However, this was not significantly 
different (p = 0.08) from the frequency of reported 
sexual assaults in the women assaulted before the cur- 
rent pregnancy. 
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Comment 


The answer to the original question, “What is the 
prevalence of sexual assault in our population?” is 
shocking and disturbing. One in 20 women in our ur- 
ban, predominantly indigent study population has been 
sexually assaulted during her lifetime and one in 500 
was assaulted during the current pregnancy. Although 
care must be taken in generalizing this prevalence to 
other populations, the validity of this apparently high 
prevalence is supported by previous epidemiologic 
studies. Investigations of sexual assault in Los Angeles* 
and in Norwegian? women reported lifetime preva- 
lences of 10.5% and 14%, respectively. Similarly, a ret- 
rospective study of assaults in pregnancy estimated a 
frequency of one in 1400 to 1800 deliveries. 

The typical assault victim in this study, compared 
with our general obstetric population, was more often 
white, a high school graduate, and employed. This dif- 
fers from our previous retrospective review? in which 
black women were assaulted more often than white 
women. This may be a result of ascertainment bias be- 
cause the interviews were conducted by white women. 
Furthermore, if black women underreported assaults 
in this survey, the actual lifetime prevalence of sexual 
assault would be higher than 5%. Importantly, the sur- 
vey suggests that any obstetric patient, regardless of 
age, race, or cultural background, may have been sex- 
ually assaulted. 

A history of sexual assault was associated with several 
treatable pregnancy complications including sexually 
transmitted diseases, genitourinary tract infections, and 
drug use. In spite of these complications neonatal out- 
come did not appear different in women with a history 
of sexual assault as compared with nonvictims. Only 
five women in the survey were assaulted during the 
current gestation. Three of these women were deliv- 
ered before 36 weeks, and two of the infants weighed 
<2500 gm. This is consistent with our previous ret- 
rospective study in which low birth weight (24%) and 
preterm delivery (16%) were increased in 114 women 
assaulted during the current gestation. Additional pro- 
spective studies with larger numbers of women are 
needed to define the ramifications of sexual assault dur- 
ing pregnancy. 

Assault victims may suffer from psychologic or emo- 
tional sequelae that we obstetricians do not routinely 
diagnose or treat. Posttraumatic stress disorder’ and 
rape trauma syndrome? may persist for years after an 
incident. Previous studies suggest victims may become 
pregnant to avoid physical or sexual abuse.® In this 
study group it is unknown whether these women be- 
came pregnant to avoid further assault. _ 

The prevalence of sexual assault in this study group 
is larger than predicted by retrospective study. The 
increased incidence of treatable complications and the 
unknown effect of psychologic trauma to the victim 
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Table III. Description of assault by 120 victims 


Parameter* 


Penile penetration 


Vaginal 77 64 
Oral 12 10 
Anal 5 4 
Multiple 44 37 
Pressure of force used 
Physical harm 61 5] 
Got drunk 10 8 
Scared by his physical size 74 62 
“Got stoned” or used drugs 4 3 
Weapon present 25 2] 
Sites of injury 
Head, face, neck 14 12 
Trunk , 12 10 
Breasts i l 
Abdomen 3 3 
Limbs 16 13 
Genitalia 
Vaginal 8 7 
Rectal 0 


*Categories are not mutually exclusive; totals do not equal 
100%. 


suggests we should address the issue of sexual assault 
in the initial obstetric history, especially in urban in- 
digent populations. Access to consultation with coun- 
seling centers or psychiatry should be available to the 
victim. Unfortunately, if current trends continue, an 
increased number of obstetric patients will be victim- 
ized. Fortunately, these women may be reassured of 
achieving normal pregnancy outcomes. 


We thank Lizabeth Baker for preparation of the 
manuscript. We are indebted to James Bass for guid- 
ance in data base development and management. 
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Maternal characteristics, neonatal outcome; and the time of 


diagnosis of gestational diabetes 


Gertrud S. Berkowitz, PhD,*” Sheila H. Roman, MD,° Robert H. Lapinski, PhD, and 


Manuel Alvarez, MD* 
New York, New York 


OBJECTIVE: A study was undertaken to evaluate the yield of early, routine screening for gestational 
diabetes and to determine whether maternal characteristics and neonatal outcome differ according to the 


time of diagnosis. 


STUDY DESIGN: A tota! of 2776 women were screened before 24 weeks of gestation, and each was 
delivered of a singleton infant on the clinic service of Mount Sinai Hospital in New York City between 


January 1986 and January 1991. 


RESULTS: An abnormal glucose tolerance test was diagnosed in 102 women <24 weeks and in 252 
patients at =24 weeks of gestation. Logistic regression analyss showed that the group diagnosed early 
was significantly older and more likely to have hypertensive discrders and low maternal weight gain and to 
require insulin treatment, compared with the group diagnosed .ate. No significant differences were evident 


in neonatal outcome. 


CONCLUSIONS: These data indicate that a sizable proportion of patients with gestational diabetes can be 
diagnosed early in pregnancy. The differences in maternal characteristics and insulin requirements 
between the early- and late-diagnosis groups also suggest he:erogeneity of gestational diabetes or the 
possibility of preexisting impaired glucose intolerance in the early-diagnosis group. (AMJ OBSTET GYNECOL 


1992;167:976-82.) 


Key words: Gestational diabetes, screening, risk factors 


Gestational diabetes mellitus, which is estimated to 
occur in 1% to 5% of pregnancies, is associated with an 
increased risk of perinatal and maternal morbidity.'* 
Although the importance of diagnosing and treatin 
women with this condition is well recognized, there is 
still no general consensus on the selection criteria for 
screening and the timing of glucose testing. The Amer- 
ican Diabetes Association‘ and others recommend uni- 
versal screening but the American College of Obste- 
tricians and Gynecologists endorses screening only for 
women aged =30 years and for vounger women with 
certain risk factors. Similarly, although it is commonly 
recommended that glucose screening be performed bz- 
tween 24 and 28 weeks’ gestation,** our institution and 
others screen patients earlier in pregnancy. Indeed, a 
recent study by Super et al.” showed that two thirds ot 
15 patients who developed gestational diabetes were 
identified during the first half of pregnancy. Because 
the latter study was based on a small number of patients 
at high risk for gestational diabetes, it is not clear 
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whether these results are applicable to a larger and 
unselected population. 

Our institution routinely administers a glucose screen 
to the patients on the clinic service at the time of the 
first prenatal visit and around 28 weeks of gestation if 
the first screen is normal. We have recently reported 
data showing that early diagnosis of gestational diabetes 
was predictive of insulin use in 30 patients.® This study 
was therefore undertaken to evaluate the yield of early, 
routine screening and to determine whether the ma- 
ternal characteristics and neonatal outcome differ ac- 
cording to the time of diagnosis of gestational diabetes. 


Material and methods 


The study population was drawn from 7762 patients 
on the clinic service who did not have overt diabetes 
and each of whom was delivered of a singleton infant 
between Jan. 1, 1986, and Jan. 1, 1991. The patients 
were given a l-hour, 50 gm glucola challenge at the 
first prenatal visit. If the plasma glucose value was =135 
mg/dl (glocuse oxidase), a 3-hour 100 gm glucose tol- 
erance test (GTT) was performed. The GTT results 
were interpreted according to the criteria of O’Sullivan 
and Mahan, as modified by Carpenter and Coustan.° 
A diagnosis of gestational diabetes was made if two or 
more of the following values were met or exceeded: 
fasting, 95 mg/dl; 1-hour test, 180 mg/dl; 2-hour test, 
155 mg/dl; arid 3-hour test, 140 mg/dl. Patients who 
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had a normal initial screen were rescreened at =24 
weeks of gestation. Those who had an abnormal initial 
screen but normal GTT were retested with a second 
GTT at 224 weeks of gestation. 

To ensure that all patients would have an opportunity 
of being diagnosed either at <24 or =24 weeks of ges- 
tation, we excluded patients who had not been screened 
(n = 995), those who had been screened at <24 weeks 
but who had not been retested later in pregnancy 
(n = 1620), and those who had only been screened at 
=24 weeks of gestation (n = 1693). Furthermore, pa- 
tients who had had an abnormal glucose screen but a 
normal GTT (n = 678) were not included. The final 
study group comprised 2776 patients. 

The patients were divided into three groups: (1) 
early-diagnosis group, those who had an abnormal 
GTT before 24 weeks; (2) late-diagnosis group, those 
who had an abnormal GTT at 24 weeks or later; and 
(3) controls, those who had a normal screen both before 
and at 24 weeks or later. 

The information on patient characteristics and out- 
come variables was drawn from a computerized peri- 
natal data base. Computer-adapted forms, which are 
an integral component of the official medical record, 
are completed prospectively and include detailed in- 
formation on the prenatal, intrapartum, and postpar- 
tum course and the neonatal outcome. The forms are 
routinely reviewed for accuracy and completeness. The 
data entry program also incorporates error checking 
programs. 

Maternal characteristics that were assessed included 
traditional risk factors for gestational diabetes such as 
maternal age, obesity, a history of gestational diabetes, 
a family history of diabetes, and a history of stillbirth. ° 
Additional characteristics that were evaluated were par- 
ity, race or ethnicity, maternal weight gain, preeclamp- 
sia, chronic hypertension, history of infertility, and use 
of insulin. Screening glucose values, individual GTT 
values, and the area under the glucose curve were also 
assessed. The glucose area was calculated according to 
the following formula": (Fasting + 1 hour + 2 hour + 
3 hour) —0.5 (Fasting + 3 hour). Neonatal factors in- 
cluded gestational age at delivery, birth weight, 1- and 
5-minute Apgar scores, and the occurrence of birth 
injuries, respiratory distress syndrome, transient tachy- 
pnea of the newborn, meconium aspiration, hyperbil- 
irubinemia, hypoglycemia, intraventricular hemor- 
rhage, neonatal infection, polycythemia, and perinatal 
death. 

Obesity was defined as a prepregnant body mass in- 
dex (kilograms per square meter) >27.3." Total preg- 
nancy weight gain was based on the recorded prepreg- 
nancy weight and the last measured weight before de- 
livery. If the prepregnancy weight was missing, 
maternal weight recorded before 12 weeks of gestation 
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was substituted. The weekly rate of maternal weight 
gain was then computed and divided into the following 
categories as suggested by Abrams et al.: low, <0.27 
kg/wk; average, 0.27-0.52 kg/wk; and high, >0.52 
kg/wk. 

Gestational age was assigned according to menstrual 
history in conjunction with ultrasonographic assess- 
ment of fetal biometry, if available. If the gestational 
age determined by the last menstrual period and the 
ultrasonographic assessment differed by <2 weeks, the 
gestational age by the last menstrual period was as- 
sumed to be correct. If the last menstrual period was 
unreliable or the discrepancy between menstrual and 
ultrasonographic gestational age was >2 weeks, the ges- 
tational age was based on the ultrasonographic assess- 
ment. Large-for-gestational age was defined as a birth 
weight =90th percentile for gestational age according 
to the nomogram of Brenner el at.” 

Patients diagnosed with gestational diabetes were 
placed on an American Diabetes Association diet and 
instructed in home blood glucose monitoring. Home 
blood glucose determinations were obtained from cap- 
illary blood samples with Chemstrip bG blood glucose 
test strips (Boehringer Mannheim Diagnostics, Indi- 
anapolis) and assessed either visually or with the Ac- 
cuchek 2 reflectance meter (Boehringer Mannheim Di- 
agnostics). The results of the home monitoring were 
reviewed by the diabetes nurse-clinicaian at the time of 
weekly visits. Insulin therapy was initiated in patients 
with a fasting glucose level >95 mg/dl or postprandial 
glucose level >120 mg/dl on two or more occasions 
during a 2-week interval. 

The maternal characteristics and neonatal outcomes 
were compared between the two gestational diabetic 
groups by x’, Fisher’s exact test, and Student ¢ test. 
Similar analysis was also made between each diabetic 
group and the controls. Multiple logistic regression 
analysis was used to assess which variables were inde- 
pendently related to time of diagnosis. A p value of 
<0.05 was considered statistically significant. 


Results 


A total of 354 patients were diagnosed with gesta- 
tional diabetes. Of these 102 (28.8%) were diagnosed 
before 24 weeks of gestation and 252 (71.2%) were 
diagnosed at =24 weeks. of gestation. The remaining 
2422 patients who had a normal glucose screen before 
24 weeks and at =24 weeks served as controls. 

The mean gestational age for the abnormal screen 
was 13.9 weeks (+4.1 weeks) for the early-diagnosis 
and 29.4 weeks (+1.8 weeks) for the late-diagnosis 
group. The corresponding mean gestational ages for 
the abnormal GTT were 17.2 weeks (+4.4 weeks) and 
30.8 weeks (+ 2.9 weeks), respectively. The mean values 
for the abnormal! glucola screens and GTTs are given 
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Table I. Mean glucose and GTT values for early- and late-diagnosis gestational diabetes 


Early 
diagnosis 
Value ( mean + SD) 
Glucose screen 169.2 + 25.5 
Fasting GTT 100.5 + 16.2 
1 hr GTT 204.5 + 28.6 
2 hr GTT 173.5 + 37.0 
3 hr GTT 127.6 + 46.0 
Glucose area 490.6 + 74.1 





Late diagnosis 
(mean + SD) p Value 
161.2 + 20.6 0.01 
97.4 + 13.7 0.09 
198.7 + 28.9 0.09 
176.3 + 32.4 0.49 
137.9 + 34.0 0.04 
491.5 + 66.3 0.91 


ì 


Table I. Distribution of maternal characteristics for early- and late-diagnosis gestational diabetes 
and controls 


Earl diagnosis 
(n = 102) 
(%) 





Maternal characteristic 


Maternal age =30 yr 63.7 
Parity =1 78.4 
Black 26.5 
White 1.0 
Hispanic 70.6 
Body mass index =27.3 59.2 
Weekly weight gain <0.27 kg 45.8 
Preeclampsia 14.7 
Chronic hypertension 11.8 
Family history of diabetes 41.2 
History of gestational diabetes 25.5 
History of stillbirth 2.9 
History of infertility 2.9 
Use of insulin 55.9 






pst 


19.6 <0.01 <0.001 <0.001 
51.5 0.15 <0,001 <0.001 
36.7 0.48 0.04 0.08 
2.4 0.21 0.29 0.62 
59.6 0.28 0.03 0.21 
21.9 0.002 <0.001 <0.001 
23.9 0.01 <0.001 0.03 
5.4 0.06 <0.001 0.20 
3.8 0.02 <0.001 0.81 
24.0 0.23 <0.001 <0.001 
0.7 0.03 <0.001 <0.001 
1:7 0.72 0.42 0.44 
0.7 0.79 0.06 0.004 
— <0.01 _ _ 


*p Value is based on comparison between early- and late-diagnosis gestational diabetics. 
tp Value is based on comparison between early-diagnosis gestational diabetics and controls. 
tp Value is based on comparison between late-diagnosis gestetional diabetics and controls. 


in Table I. Although the glucose screen was significantly 
higher in the early-diagnosis group, the mean 3-hour 
GTT value was significantly higher in the late-diagnosis 
group. The areas under the glucose curve, however, 
were not different between the two groups. 

The maternal characteristics of the three groups are 
presented in Table IJ. The early-dizgnosis group, as 
compared with the late-diagnosis group, was signifi- 
cantly older and more likely to be obese and have low 
maternal weight gain, hypertensive disorders, and a 
history of gestational diabetes. The early-diagnosis as 
compared with the late-diagnosis group was also sig- 
nificantly more likely to have been treated with insulin. 
No significant differences were observed for the two 
groups with respect to parity, race or ethnicity, family 
history of diabetes, history of sullbirth, and history of 
infertility. When the two groups were compared with 
respect to the presence of any of the traditional risk 
factors for gestational diabetes, namely, maternal age 
=30 years, obesity (body mass index 227.3), history of 
gestational diabetes, family history of diabetes, and his- 
tory of stillbirth, the early-diagnosis group was signif- 
icantly more likely than the late-diagnosis group to have 


had one or more of these risk factors (93.1% vs 81.0%, 
p = 0.004). 

The early-diagnosis group, when compared with 
controls, was significantly older; more likely to be mul- 
tiparous and Hispanic; less likely to be black; and more 
likely to be obese, have a low maternal weight gain, 
have hypertensive disorders, have a family history of 
diabetes, and have a history of gestational diabetes. 
Overall, 49.7% of the controls had one or more of the 
traditional risk factors for gestational diabetes. A his- 
tory of infertility was also more common in the early- 
diagnosis group than in the controls, but the difference 
did not reach statistical significance. Comparisons be- 
tween the late-diagnosis group and the controls re- 
vealed significant differences for maternal age, parity, 
body mass index, maternal weight gain, family history 
of diabetes, history of gestational diabetes, and history 
of infertility but not for race/ethnicity, hypertensive 
disorders, and a history of stil-birth. ` 

Logistic regression analysis (Table ITI) confirmed 
that the early-diagnosis group was significantly older 
and more likely to have hypertensive disorders and low 
maternal weight gain compared with the late-diagnosis 
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Table III. Results of logistic regression analysis of risk factors comparing early- and late-diagnosis 


gestational diabetes 
Regresston Standard 
coefficient error 


Variable p Value 
Maternal age =30 yr 0.61 0.27 0.02 
Body mass index =27.3 0.42 0.28 0.13 
Low weekly weight gain 0.79 0.28 0.006 
Preeclampsia or chronic hypertension 1.03 0.39 0.008 
History of gestational diabetes 0.44 0.33 0.18 
Family history of diabetes 0.23 0.28 0.40 
History of stillbirth 0.42 0.78 0.59 
Insulin use Ll 0.27 0.0001 


Table IV. Distribution of selected perinatal outcomes for early- and late-diagnosis gestational diabetics 
and controls 









Controls 





















Early diagnosis | Late diagnosis 
(n = 102) (n = 252) (n = 2422) 
Ouicome {%) (%) 


Gestational age <37 weeks 19.6 17.9 7.6 0.82 0.003 <0.001 
Birth weight >90th percentile 13.7 17.1 10.9 0.54 0.47 0.005 
Congenital malformation 6.9 3.2 3.7 0.20 0.17 0.82 
Respiratory distress syndrome 3.0 0.8 0.5 0.14 0.02 0.35 
Intraventricular hemorrhage 2.0 0.0 0.2 0.08 0.02 0.99 
Neonatal infecticn 4.0 1.0 0.23 0.02 0.32 
Hypoglycemia 4.0 1.0 0.23 0.02 0.32 
Hyperbilirubinemia 10.9 ll. 8.5 0.90 0.51 0.20 
Polycythemia 2.0 1.4 0.99 0.65 0.10 
Perinatal death 1.0 0.6 0.49 0.46 0.99 


*» Value is based on comparison between early- and late-diagnosis gestational diabetics. 
tp Value is based on comparison between early-diagnosis gestational diabetics and controls. 
tp Value is based on comparison between late-diagnosis gestational diabetics and controls. 


group. Insulin treatment also remained significantly 
more common in the early-diagnosis group in this anal- 
ysis. Obesity, a history of gestational diabetes, a family 
history of diabetes, and a history of stillbirth were not 
significant in the multivariate analysis. In logistic 
regression analysis comparing the early-diagnosis 
group with the controls, the following characteristics 
remained positively associated with early diagnosis of 
gestational diabetes: older age, hypertensive disorders, 
obesity, low weekly weight gain, family history of dia- 
betes, and history of gestational diabetes. Black race 
was negatively associatéd with early diagnosis. Thus 
multiparity and Hispanic ethnicity were no longer sta- 
tistically significant once adjustments were made for the 
other factors found to be significant in the univariate 
analysis. Similar analysis comparing the late-diagnosis 
group with the controls showed that older age, obesity, 
family history of diabetes, history of gestational dia- 
betes, and history of infertility were significantly asso- 
ciated with late diagnosis of gestational diabetes. Mul- 
tiparity and low maternal weight gain did not reach 
statistical significance in this model. 

Selected perinatal outcomes for the two gestational 
diabetic groups and the controls are presented in Table 


IV. Although the early-diagnosis as compared with the 
late-diagnosis group tended to have a higher frequency 
of such adverse outcomes as respiratory distress syn- 
drome, intraventricular hemorrhage, congenital mal- 
formations, neonatal infection, and hypoglycemia, 
none of the differences reached statistical significance. 
It is also of interest that the proportion of large-for- 
gestational-age infants was higher for the late-diagnosis 
as opposed to the early-diagnosis group. Comparisons 
with controls showed that preterm delivery, respiratory 
distress syndrome, intraventricular hemorrhage, neo- 
natal infection; and hypoglycemia were significantly 
more common in the early-diagnosis group and pre- 
term delivery and large-for-gestational-age infants in 
the late-diagnosis group. When preterm deliveries re- 
sulting from medical intervention were excluded, the 
difference in the preterm rate between the late-diag- 
nosis group and the’controls remained statistically sig- 
nificant (p < 0.001), but the comparison between the 
early-diagnosis group and the controls was of border- 
line significance (p = 0.057). Other outcomes that were 
assessed, but for which there were no significant dif- 
ferences either between the gestational diabetic groups 
or with the controls, included low Apgar scores, birth 
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injuries, meconium aspiration, and transient tachypnea 
of the newborn. . 

The perinatal outcomes were further assessed ac- 
cording to insulin ase. The proport-on who had a ma- 
crosomic infant in the early-diagnosis group was lower 
for those who had been treated with insulin (10.5%) as 
compared with those who had been treated with diet 
alone (17.8%), but this difference did not reach statis- 
tical significance {n = 0.29). The proportion in the late- 
diagnosis group who were deliverec. of macrosomic in- 
fants was similar for those who had received insulin 
(18.7%) and those on diet alone (16.4%). The relatively 
high proportion of macrosomic infants among those 
on insulin in the -ate-diagnosis grcup may reflect the 
higher frequency of an initial abnormal screening test 
among those requiring insulin (54.7%) as compared 
with those requiring diet alone (40.1%, p = 0.03). No 
significant differences were evident for any of the other 
neonatal outcomes according to insulin usage, although 
it is of interest that neither of the two patients who had 
a perinatal death had been treated. with insulin. 

Finally, to evaluate whether our study population dif- 
fered from our general clinic population, those whe 
were Included and excluded from the study were com- 
pared with respect to maternal age, race or ethnicity, 
and parity and fcr the presence of one or more of the 
traditional risk factors for gestational diabétes. No sig- 
nificant differences were observed for maternal age, 
but the study population was more likely that the ex- 
cluded group to be Hispanic (60.4% vs 54.8%, 
p = 0.001) and nulliparous (45.8% vs 39.4%, 
p < 0,001). The proportion with cne or more risk fac 
tors was also higher for the study group (54.1%) than 
for the excluded group (48.4%, p < 0.001). 


Comment 


In this study 28.8% of the 354 women with gestz- 
tional diabetes were diagnosed betore 24 weeks of ges- 
tation. In comperison, Super et al.’ reported that out 
of 15 patients with gestational diabetes, six were di- 
agnosed during the first trimester and four were di- 
agnosed during the second trimester. Thus our data, 
as well as those from Super et al., show that a sub- 
stantial proportion of gestational diabetics can be iden- 
tified early in pregnancy. Other studies,'* '° in contrast, 
have concluded that early screening would have a low 
yield for detecting gestational diabetes. 

Super et al.’ suggested that selection of a general 
obstetric population and screening the patients in a fed 
state may account for these discrepancies. The patients 
in our study, however, were not screened in the fasting 
state. Differences in study population characteristics is 
a more likely explanation for the inconsistent findings. 
Although the patients in our prenatal clinic are rou- 
tinely screened at the time of their first prenatal visit 
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regardless of risk status, a sizable proportion of the 
patients was either not screened before 24 weeks 
(21.8%) or not retested at 24 weeks of gestation or later 
(20.9%). When we compared the study population with 
the remaining clinic population, the former group was 
more likely to be Hispanic, to be nulliparous, and to 
have one or more of the traditional risk factors for 
gestational diabetes than the latter group, although the 
absolute differences were small. Furthermore, al- 
though Hispanics have been snown to have higher rates 
than white or black women," nulliparity has not been 
found to be a risk factor for gestational diabetes. Nev- 
ertheless, these data suggest that our study population 
may have been subject to sore self-selection. | 

Differences in screening and diagnostic criteria may 
represent another explanation for the discrepant find- 
ings, because the studies by Watson and Jovanovic and 
Peterson" used higher abnormal cutoff values for the 
glucose screens and the higher threshold criteria rec- 
ommended by the National Diabetes Data Group” for 
an abnormal GTT. The diagnostic criteria that were 
used in both our study and that of Super et al.’ are 
those based on the original criteria of O’Sullivan and 
Mahan"? that were modified by Carpenter and Coustan?® 
to account for the change in plasma glucose values ob- 
tained from glucose oxidase or hexokinase methods. 
Sacks et al." have recently shown that the modified 
criteria are more consistent with the original criteria of 
O’Sullivan and Mahan than the higher cutoffs pro- 
posed by the National Diabetes Data Group.” 

Our data revealed some differences in maternal char- 
acteristics according to the time of diagnosis. More than 
90% of the early-diagnosis group, as compared with 
approximately 80% of the late-diagnosis group, pos- 
sessed one or more of the traditional risk factors for 
gestational diabetes. However, when the individual risk 
factors were tested in multivariate analysis, only age 
was significantly associated with time of diagnosis. Of 
note, the early-diagnosis group was also significantly 
more likely to have hypertensive disorders. 

Although the risk of pregnancy-induced hyperten- 
sion has not generally been found to be increased in 
gestational diabetes,® ® other studies?" ” have reported 
that even mild forms of glucose intolerance may be 
related to preeclampsia or eclampsia. Furthermore, re- 
cent epidemiologic studies have shown a relationship 
between insulin resistance and essential hypertension 
in nonpregnant groups.” Insulin resistance, one of the 
hallmarks of type 2 diabetes, may also be a patho- 
physiologic finding in patients with hypertension.” Al- 
though the relationship between hypertension and in- 
sulin resistance in pregnancy remains unexplored, an 
early diagnosis of gestational diabetes in our study pop- 
ulation served to identify women with an increased fre- 
quency of hypertensive disorders. 
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The lower maternal weight gain among the early- 
diagnosis group is to be expected, because they would 
have received dietary counseling and monitoring for a 
longer time period than did the late-diagnosis group. 

The most striking difference between the early- and 
late-diagnosis groups was the proportion who required 
insulin; this proportion was almost twice as high in the 
early (55.9%) as compared with the late-diagnosis 
group (29.8%). The increased insulin requirement for 
the early-diagnosis group has been reported previously 
in a subset of our patients? and is thus now being con- 
firmed in a larger study population. This difference in 
insulin requirements may suggest preexisting impaired 
glucose tolerance in the early-diagnosis group or serve 
as a marker for the subsequent development of overt 
diabetes. In a recent study Kjos et al.” found that de- 
tection of gestational diabetes before 24 weeks’ gesta- 
tion was an important risk factor for postpartum glu- 
cose intolerance, although their criteria for an abnor- 
mal GTT were based on the National Diabetes Data 
Group guidelines. Our protocol for managing gesta- 
tional diabetes calls for a 6-week postpartum GTT, but 
only a small proportion of the clinic patients return for 
this test. As a result, we cannot determine whether the 
early diagnosis of gestational diabetes on the basis of 
lower GTT threshold criteria is also predictive of post- 
partum glucose impairment. Alternatively, the differ- 
ences in insulin requirements and maternal character- 
istics according to time of diagnosis may be consistent 
with the phenotypic and genotypic heterogeneity of 
gestational diabetes mellitus that has been postulated 
by Freinkel et al.*° 

The lack of any significant differences in neonatal 
outcome related to the time of diagnosis suggests that 
the more frequent use of insulin in the early-diagnosis 
group may have reduced the frequency of perinatal 
complications expected in patients with glucose intol- 
erance in early pregnancy. Only a randomized trial of 
early versus late treatment of early-diagnosis patients 
could definitively show that our early-diagnosis group 
would have had a poorer outcome if they had not had 
diagnosis and treatment until later in the pregnancy. 
Unfortunately, such a trial would ethically be difficult 
to set up in our institution because we have a long- 
standing protocol for early, routine screening and 
early treatment of those diagnosed with gestational di- 
abetes. 

Our data show thata sizable proportion of gestational 
diabetes can be identified before 24 weeks of gestation. 
Given the high proportion who required insulin ther- 
apy and the increased frequency of hypertensive dis- 
orders in the early-diagnosis group, we recommend at 
least that patients with risk factors be screened early in 
pregnancy and be retested later if the early glucose 
screen or GTT result is normal. 
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Transverse cerebellar diameter measurements in twin 
pregnancies and the effect of intrauterine growth retardation 
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Farmington, Connecticut 


OBJECTIVES: Transverse cerebellar diameter measurements have been established for singleton but not 
twin pregnancies. In singleton pregnancies controversy exists on whether cerebellar growth is affected by 
intrauterine growth rezardation. We undertook this retrospective study in twin pregnancies to establish a 
nomogram for the transverse cerebellar diameter in twins and to assess the effect of growth retardation on 


this measurement. 


STUDY DESIGN: A retrospective review was performed on 171 patients with twin pregnancies with 
reliable dating from 15 to 36 weeks’ gestation who had been referred to our antenatal evaluation unit for 
routine ultrasonographic examination. Of the 342 fetuses, 322 were available for analysis and 
establishment of a nomogram for the transverse cerebellar diameter. Twenty-four twin, growth-retarded 


fetuses were analyzed separately. 


RESULTS: The transverse cerebellar clameter increased linearly with gestational age (r = 0.94, 
p < 0.001). Fifteen (63%) of the growth-retarded fetuses had a transverse cerebellar diameter of =5th 


percentile for gestational age. 


CONCLUSION: We suggest that intrauterine growth retardation may affect cerebellar growth in twins. (Am 


J OBSTET GYNECOL 1992;167:982-5.) 


Key words: Transverse cerebellar diameter, twins, intrauterine growth retardation 


Twin gestations account for approximately 1% of all 
pregnancies at birth. The perinatal mortality rate for 
twins is three to eleven times higher than for single- 
tons.' Twins are at an increased risk for intrauterine 
growth retardation (IUGR), which can have significant 
long-term sequelae. Twins are also known to have a 
different intrauterine growth rate than singleton fe- 
tuses. 

Growth retardation can be a difficult diagnosis to 
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make antenatally. Various ultrasonographic measure- 
ments and ratios have been proposed to identify these 
fetuses. Nomograms for the transverse cerebellar di- 
ameter have been established for singletons.?> Cur- 
rently, controversy exists on whether IUGR affects cer- 
ebellar growth. Reece et al.” reported that the trans- 
verse cerebellar diameter was unaffected by IUGR, 
whereas Hill et al.," whose patients had severe growth 
retardation, had a transverse cerebellar diameter >2 
standard deviations below the mean. 

‘To date, transverse cerebellar diameter measure- 
ments have not been established for twin gestations. We 
undertook this retrospective study of 171 twin gesta- 
tions to establish a nomogram for the transverse cer- 
ebellar diameter in twins and to determine the effect 
of IUGR on cerebellar growth in twin fetuses. 
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Material and methods 


A retrospective review of 171 patients with twin ges- 
tations referred for routine ultrasonography to the 
Antenatal Evaluation Unit at the University of Con- 
necticut Health Center was performed. Fetuses were 
excluded if they had a known structural or chromo- 
somal abnormality. 

In establishing the nomograms, only patients with 
reliable menstrual! dates in which the ultrasonographic 
examination agreed with the dates (within 10 days) 
were included. The transverse cerebellar diameter 
from outer margin to outer margin was obtained, in 
addition to the standard biometric measurements (bi- 
parietal diameter, head circumference, abdominal cir- 
cumference, femur length). The transverse cerebellar 
diameter/abdominal circumference ratio was calcu- 
lated by the ratio transverse cerebellar diameter (cen- 
timeters)/abdominal circumference (centimeters) xX 
100. The ultrasonographic examinations were per- 
formed with an Ultramark 9 (Advanced Technology 
Laboratories, Bothell, Wash.), an Acuson 128 (Acuson 
Computed Sonography, Mountain View, Calif.), or a 
GE 3000 (General Electric, Rancho Cordova, Calif.). 

The data were analyzed in a cross-sectional manner. 
If more than one ultrasonographic examination was 
available, only the initial scan was used for analysis. 
Statistical analysis was performed on a Macintosh SE 
PC (Apple Computers, Cupertino, Calif.) personal 
computer with the statistical packages Statview 512+ 
Graphics (Brain Power, Inc., Calabasas, Calif.) and 
Cricket Graph (Cricket Software, Malvern, Pa.). 
Regression analyses and ¢ tests were used as appropri- 
ate. A value of p < 0.05 was considered significant. 

An additional subset of 24 twin fetuses with IUGR 
were analyzed. The 24 IUGR fetuses and their cotwins 
were not included in the establishment of the nomo- 
gram for the transverse cerebellar diameter. The dis- 
parity between the gestational age by dates and the fetal 
biometry was >3 weeks in all cases with IUGR. The 
estimated fetal weights were =5th percentile according 
to the nomogram of Yarkoni et al. for estimated fetal 
weight of twins. The birth weights were subsequently 
confirmed to be =10th percentile as defined by Bat- 
taglia and Lubchenco’s’ nomogram for birth weights 
of infants born alive. 


Results 


To establish the nomogram, 171 patients with twin 
gestations between 15 and 36 weeks were reviewed. Of 
the 342 fetuses, 322 were available for analysis and 
establishment of the nomogram for the transverse cer- 
ebellar diameter in twin fetuses. Table I demonstrates 
the 5th, 50th, and 95th percentiles of transverse cer- 
ebellar diameter measurements from 15 to 36 weeks’ 
gestation. The transverse cerebellar diameter mea- 
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Table I. Nomogram of transverse cerebellar 
diameter in twins 









Transverse cerebellar diameter 
(mm) 





Gestational age 






15 14 15 16 
16 14 17 18 
17 16 17 19 
18 16 18 20 
19 17 19 22 
20 18 20 21 
2] 20 22 23 
ae 20 22 26 
23 23 25 27 
24 22 25 28 
25 26 27 3] 
26 27 29 32 
27 28 31 37 
28 25 32 36 
29 32 34 39 
30 32 35 37 
31 31 37 43 
32 33 37 42 
33 38 45 47 
34 42 47 50 
35 37 44 49 
36 42 47 50 


surements of twins A and B were combined together, 
because analysis revealed no difference between the 
measurements of twin A versus twin B (mean + SD for 
twin A vs twin B, 2.57 + 0.85 vs 2.56 + 0.85 cm, re- 
spectively). 

The transverse cerebellar diameter increased linearly 
with gestational age (r = 0.94, p < 0.001, Fig. 1). The 
abdominal circumference also increased linearly across 
gestational age ír = 0.98, p < 0.001). The transverse 
cerebellar diameter/abdominal circumference ratio re- 
mained stable throughout gestation (r = 0.005), witha 
mean + SD of 13.7 + 1.2 (Fig. 2). The 5th and 95th 
percentiles were 12.0 and 15.9, respectively. 

Twenty-four fetuses with IUGR were then analyzed. 
Of the 24 fetuses, 21 (88%) had an asymmetric type of 
growth retardation on the basis of the head/abdomen 
ratio.” The remaining 3 (12%) had a symmetric form 
of IUGR. Nineteen of the 24 fetuses with IUGR (79%) 
were discordant (>20% difference in estimated fetal 
weights) with respect to growth as compared with their 
cotwins. The remaining five fetuses (21%) had concor- 
dant IUGR. One fetus of the three concordant IUGR 
pairs had no transverse cerebellar diameter measure- 
ment recorded; therefore only five concordant fetuses 
were avilable for analysis. 

Fifteen (13 asymmetric and two symmetric IUGR) of 
the 24 (63%) fetuses had a transverse cerebellar di- 
ameter measurement of =<5th percentile, which is il- 
lustrated in Fig. 1. The mean + SD transverse cere- 
bellar diameter/abdominal circumference ratio was 
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Fig. 1. Transverse cerebellar diameter (millimeters) versus gestational age (weeks). Dots, Transverse 


cerebellar diameter (TCD) of fetuses with IUGR. 
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Fig. 2. Transverse cerebellar diameter/abdominal circumference ratio (TCD/AC) versus gestational 


age (weeks). 


14.6 + 1.6. Four (three asymmetric and one symme- 
tric) of the 24 fetuses with IUGR had an abnormal 
(> 15.9) ratio (sensitivity 17%). The specificity and pos- 
itive and negative predictive values of the transverse 
cerebellar diameter/abdominal circumference rat:o 
were 95% (307/322), 21% (4/19). and 94% (307/327), 
respectively. All fetuses with IUGR with a transverse 
cerebellar diameter =5th percentile had a normal 
transverse cerebellar diameter/abdominal circumfer- 
ence ratio. 

The 19 fetuses with discordant IUGR were then com- 

t 


pared with their appropriately grown cotwins. The 
mean + SD transverse cerebellar diameter of the dis- 
cordant fetuses was 2.77 + 0.73, and the mean + SD 
for the appropriately grown cotwins was 3.00 + 0.83. 
This difference was not statistically significant 
(p = 0.39). 


Comment 

Twins constitute 10% of the total perinatal mortality 
rate in spite of their accounting for only 1% of all preg- 
nancies. The increased mortality rate over that of sin- 
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gletons has been attributed to low birth weight in as- 
sociation with prematurity and [UGR.' Differences in 
fetal growth rates in twin versus singleton fetuses have 
long been recognized. Approximately one third of 
twins are growth-retarded at birth.’ This growth dis- 
turbance, coupled with prematurity, often leads to de- 
velopmental and neurologic sequelae later in life.’ 

The diagnosis of IUGR has significant antenatal and 
postnatal consequences, and therefore the ability to ac- 
curately diagnose JUGR 1s important. Unfortunately, 
this diagnosis is often difficult to make, especially in 
patients with uncertain gestational dating. The litera- 
ture is replete with various measurements and ratios 
proposed to diagnose IUGR; however, a single ideal 
measurement has not been found. Recently, the trans- 
verse cerebellar diameter has been investigated as a 
potential diagnostic measurement for IUGR. 

The growth curve of the cerebellum is different from 
that of other areas of the brain. Human and animal 
data, including pathologic studies, have revealed that 
the rate of growth is greatest in the second and third 
trimesters." It seems logical to expect that disturbances 
in intrauterine growth during the latter part of gesta- 
tion would also adversely affect cerebellar growth. An- 
imal studies have confirmed this assumption. Rees and 
Harding" found that the growth of several components 
in the cerebellar cortex of fetal sheep, namely, the Pur- 
kinje cell dendritic tree and the neuropil, were ad- 
versely affected bv growth retardation. In their studies, 
the growth retardation was produced by reduction of 
the placental mass so that the placental size at term was 
50% of normal. In humans fetal growth retardation 
may lead to persistent neurologic deficits and other 
long-term complications. Whether delays in motor skill 
development and coordination are due to cerebellar 
dysfunction remains speculative. 

The literature is divided on whether IUGR affects 
cerebellar growth in singletons. Reece et al.,° in a pro- 
spective study of 19 patients, concluded that the trans- 
verse cerebellar diameter was unaffected by growth re- 
tardation. Hill et al.,‘ however, in a study of 44 fetuses 
whose birth weights were mostly <5th percentile, 
found that the transverse cerebellar diameter was >2 
SD below the mean in 59% of their study subjects. An 
important difference between these two study popu- 
lations was the degree of growth retardation, with the 
patients of Hill et al.* having a more severe IUGR. 

Our study establishes a nomogram for the transverse 
cerebellar diameter in twin fetuses and demonstrates 
that this measurement increases linearly with gesta- 
tional age in a manner similar to that of singleton fe- 
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tuses.” The transverse cerebellar diameter/abdominal 
circumference ratio, which has been reported to be 
independent of gestational age in singletons,’* was also 
found to be stable throughout twin gestations. In fact, 
the ratio is virtually identical across gestational age for 
twins and singletons. 

Our data agrees with the findings of Hill et al.* in 
singletons and with the animal data and suggests that 
IUGR may affect cerebellar growth in twin fetuses. 
Therefore the use of transverse cerebellar diameter 
measurements to establish gestational age in twin fe- 
tuses should be used with caution because this mea- 
surement can be affected by IUGR. We also conclude 
that an abnormal transverse cerebellar diameter/ab- 
dominal circumference ratio is not useful in identifying 
growth retardation in twins. 


REFERENCES 


l. Vintzileos AM, Rodis JF. Growth discordance in twins. In: 
Divon MY, ed. Abnormal fetal growth. New York: Elsev- 
ier, 1991:289-317. 

2. Goldstein I, Reece A, Pilu G, Bovicelli L, Hobbins JC. 
Cerebellar measurements with ultrasonography in the 
evaluation of fetal growth and development. AM J OBSTET 
GYNECOL 1987;156:1065-9. 

3. Reece EA, Goldstein I, Pilu G, Hobbins JC. Fetal cere- 
bellar growth unaffected by intrauterine growth retar- 
dation: a new parameter for prenatal diagnosis. AM J 
OBSTET GYNECOL 1987;157:632-8. 

4. Hill LM, Guzick D, Rivello D, Hixson J, Peterson C. The 
transverse cerebellar diameter cannot be used to assess 
gestational age in the small for gestational age fetus. Ob- 
stet Gynecol 1990;75:329-32. 

5. Smith PA, Johansson D, Tzannatos C, Campbell S. Pre- 
natal measurement of the fetal cerebellum and cisterna 
cerebellomedullaris by ultrasound. Prenat Diagn 1986; 
6;133-41. 

6. Yarkoni S, Reece T, Holford T, O’Connor TZ, Hobbins 
JC. Estimated fetal weight in the evaluation of growth in 
twin gestatons: a prospective longitudinal study. Obstet 
Gynecol 1987;69:636-9. 

7. Battaglia FC, Lubchenco LO. A practical classification of 
newborn infants by weight and gestational age. J Pediatr 
1967;71:159-63. 

8. Rodis JF, Vintzileos AM, Campbell WA, Pinette MG, No- 
chimson DJ. Intrauterine fetal growth in concordant twin 
gestations. AM J OBSTET GYNECOL 1990; 162:1025-9. 

9. Fitzhardinge P, Steven E. The small-for-date infant. II. 
Neurological and intellectual sequelae. Pediatrics 1972; 
50:50-7. 

10. Dobbins J, Sands J. Timing of neuroblast multiplication 
in developing human brain. Nature 1970;226;639-40. 

11. Rees S, Harding R. The effects of intrauterine growth 
retardation on the development of the Purkinje cell den- 
dritic tree in the cerebellar cortex of fetal sheep: a note 
on the ontogeny of the Purkinje cell. Int J Dev Neurosci 
1988;461-9. 

12. Campbell WA, Nardi D, Vintzileos AM, Rodis JF, Turner 
GW, Egan JFX. Transverse cerebellar diameter/abdom- 
inal circumference ratio throughout pregnancy: a gesta- 
tional age—independent method to assess fetal growth. 
Obstet Gynecol] 1991;77:893-6. 


Amniotic fluid volume assessment: Comparison of 
ultrasonographic estimates versus direct measurements with a 
dye-dilution technique in human pregnancy 


Gary A. Dildy III, MD, Noe Lira, MD, Kenneth J. Moise, Jr., MD, Gerald D. Riddle, MS, 


and Russell L. Deter, MD ' 
Houston, Texas 


OBJECTIVE: The purpose of our study was to compare the accuracy of clinical ultrasonographic 
techniques of amniotic fluid volume assessment with a dye-dilution technique. 

STUDY DESIGN: We compared amniotic fluid volume as measured by ultrasonographic techniques with a 
dye-dilution method in 50 women undergoing amniocentesis curing the third trimester. Thirteen separate 
ultrasonographic techniques, including tne amniotic fluid index, were evaluated with regression analysis. 
RESULTS: Amniotic fluid volumes as datermined by dye-diluton ranged between 129 and 4444 ml. The 
amniotic fluid index overestimated the actual volume by as much as 88.7% at lower volumes and 
underestimated the actual volume by as much as 53.9% at higher volumes. 

CONCLUSIONS: Differences in measurement error between the other ultrasonographic methods and the 
amniotic fluid index did not appear to be sufficient to warrant shanges in current clinical practice. A major 
source of error in ultrasonographic amniotic fluid volume assessment is that one-dimensional 
measurements are used to estimate the volume of a complex, three-dimensional object. (Am J OBSTET 


GYNECOL 1992;167:986-94.} 


Key words: Amniotic fluid volume, dye-dilution technique, oligohydramnios, 


polyhydramnios, amniotic fluid index 


Excessive or diminished amniotic fluid volumes are 
associated with poor perinatal outcome.'? In the past, 
clinicians relied on abdominal palpation and fundal 
measurements to detect abnormal intrauterine vol 
umes. The widespread use of ultrasonography tn ob- 
stetric practice has created the opportunity to evaluate 
amniotic fluid volume in a noninvasive manner. Many 
ultrasonographic techniques to assess amniotic fluid 
volume have been described. Total intrauterine volum=2 
measurements are complex and require multiple mea- 
surements with a static image scanner.’ Experience wita 
real-time ultrasonography has resulted in techniques 
such as subjective assessment, deepest vertical 
pocket, and the four-quadrant amniotic fluid index.*® 
The amniotic fluid index originally described by Phelan 
et al.’ and Rutherford et al.* has achieved clinical pop- 
ularity in many centers. Moore’ showed that the four- 
quadrant technique is superior to the deepest pocket 
measurement in identifying abnormal amniotic fluid 
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volumes. Normal ranges of amniotic fluid index mea- 
surements have subsequently been described through- 
out gestation.” '°") 

Direct measurements of amniotic fluid volumes in 
human pregnancy have been performed with dye-di- 
lution methods.'*'* Schiff et al.’ correlated amniotic 
fluid volume measurements by a dye-dilution technique 
with ultrasonographic estimates of amniotic fluid vol- 
ume derived indirectly by measurements of uterine, 
placental, and fetal volumes during the second trimes- 
ter. Geirsson’ correlated amniotic fluid volumes de- 
termined by a dye-dilution technique with amniotic 
fluid volumes determined by morphometric measure- 
ments of intrauterine contents along serial planes. In- 
trauterine contents were calculated with a static image 
scanner and a computerized light-pen system. This in- 
vestigator showed excellen- correlation between esti- 
mated and actual volumes; however, this complex tech- 
nique is clinically impractical. ) 

Current clinical semiquantitative ultrasonographic 
techniques of amniotic fluid volume measurement have 
not been compared with direct techniques. The pur- 
pose of our study was to compare the accuracy of in- 
direct real-time ultrasonographic techniques of amni- 
otic uid volume assessment with a reliable, direct tech- 
nique of amniotic fluid volume measurement. 
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Material and methods 


Study design. Patients undergoing amniocentesis for 
the usual obstetric indications during the third trimes- 
ter were asked to participate in this study. Exclusion 
criteria were active labor, multifetal gestation, red-cell 
allotimmunization, suspected intraamniotic infection, 
ruptured membranes, vaginal bleeding, and potential 
for transplacental amniocentesis. The research proto- 
col was performed at Ben Taub General Hosptial after 
approval by the Baylor Institutional Review Board for 
Human Research and the Harris County Hospital Dis- 
trict Board of Managers. 

Transabdominal amniocentesis was performed with 
aseptic technique under ultrasonographic guidance. A 
local anesthetic was administered for the first amnio- 
centesis in all cases. A 22-gauge spinal needle was in- 
troduced into the amniotic sac, and amniotic fluid was 
removed for the determination of fetal lung maturity. 
Before removal of the needle, 400 mg (2 ml) of ami- 
nohippurate sodium 20% solution (Merck, Sharp, & 
Dohme, West Point, Pa.) was injected into the amniotic 
sac via a 3 ml syringe. The syringe was aspirated and 
flushed three times with amniotic fluid, and the needle 
was removed. 

Admixture of amniotic fluid and aminohippurate so- 
dium was accomplished by gently rolling the patient 
from the left to the right lateral recumbent positions 
three times and then placing the patient in the knee- 
chest position. Ultrasonographic assessment of amni- 
otic fluid volume was performed. The second amnio- 
centesis was performed within a 20- to 40-minute 
window after aminohippurate sodium administration. 
Approximately 5 to 10 ml of amniotic fluid were as- 
pirated through a 22-gauge needle for analysis of ami- 
nohippurate sodium concentration. The amniotic fluid 
was centrifuged at 3000 rpm (1200g) for 10 minutes. 
Specimens were stored in polypropylene tubes at 4° C 
until assay, which was performed on a weekly 
basis. 

After the second amniocentesis a nonstress test was 
obtained and the patient was discharged from the 
study. Further obstetric management was based on 
usual clinical parameters. 

Ultrasonographic assessments of amniotic fluid. All 
ultrasonographic assessments were performed with a 
General Electric RT 3000 (GE Medical Systems, Mil- 
waukee, Wis.) with a 3.5 MHz linear probe by the same 
examiner (N.L.) to eliminate interobserver error. The 
same machine, transducer, and scale (x 1.0) were used 
for all measurements, thereby providing consistent 
maximum depth (15 cm) and width (13 cm) of the 
ultrasonographic field. With the scrolling feature of the 
equipment, the posterior uterine wall was visualized in 
all study patients. All measurements were performed 
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Fig. 1. Supine four-quadrant semi-quantitative assessment of 
amniotic fluid volume with anterior-posterior, superior-infe- 
rior, and right-left dimensions. SS, Supine superior; SP, su- 
pine posterior; SL, supine left; SI, supine inferior; SA, supine 
anterior; SR, supine right. 


with the transducer positioned perpendicular to the 
floor. 

In the supine position, the abdomen was divided into 
four quadrants as described by Phelan et al.’ Measure- 
ments in each quadrant were recorded in three planes 
(Fig. 1), namely anterior-posterior, right-left, and su- 
perior-inferior. In all cases, the superior-inferior and 
anterior-posterior measurements were taken with the 
transducer parallel to the longitudinal axis of the 
mother, and right-left measurements were obtained by 
rotating the transducer 90 degrees. 

The patient was placed in the lateral recumbent po- 
sition, and the fetus was manually displaced away from 
the transducer to create the largest pocket of amniotic 
fluid adjacent to the transducer (Fig. 2), The abdomen 
was divided into cephalad and caudal hemispheres, 
with the umbilicus as a boundary. Anterior-posterior, 
right-left, and superior-inferior measurements were re- 
corded in each hemisphere. The superior-inferior and 
right-left measurements were obtained with the trans- 
ducer parallel to the long axis of the mother, with an- 
terior-posterior measurements obtained by rotating the 
transducer 90 degrees. Single measurements were 
taken in all ultrasonographic planes to have adequate 
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Fig. 2. Lateral two-hemisphere (cephalad, caudal) semiquantitative assessment of amniotic fluid 
volume with anterior-posterior, superior-inferior, and right-left measurements. L(R), Lateral right; 
LP, lateral posterior; LS, lateral superior; L(L), lateral left; LA, lateral anterior; LI, lateral inferior. 


Table I. Supine four-quadrant and lateral 
two-hemisphere formulas for ultrasonographic 
assessment of amniotic fluid volume 


Method | Technique 


Supine four-quadrant techniques 
l Single deepest AP of supine 
four quadrants (DVP) 


2 Sum of AP in each four supine 
’ quadrants (AFI) 

3 Sum of SI in each four supine 
quadrants : 

4 Sum of RL in each four supine 
quadrants 

5 Sum of (AP + SI + RL) in all 
four supine quadrants 

6 Sum of (AP x SI x RL) in all 


four supine quadrants 
Lateral two-hemisphere techniques 


7 Deepest AP of lateral two hemi- 
: spheres 
8 Deepest RL of lateral twe hemi- 
spheres 
9 Sum of AP in each two lateral 
hemispheres 
10 Sum of SI in each two lateral 
hemispheres 
11 Sum of RL in each two lateral 
hemispheres 
12 Sum of (AP + SI + RL) in 
both lateral hemispheres 
13 Sum of (AP x SI x RL) in 


both lateral hemispheres 


DVP, Deepest vertical pocket; AFI. amniotic fluid index; 
AP, anterior-posterior; SI, superior-inferior; and RL, righ:- 
left. 


time to perform the second amniocentesis within the 
targeted time range of 20 to 40 minutes. 

Thirteen permutations of ultrasonographic mea- 
surements were performed (see Table I). Methods 1 
through 6 were derived from the supine four-quadrant 
measurements, and methods 7 through 13 were cal- 
culated from the lateral two-hemispheric measure- 
ments. Method 1 corresponds to the deepest vertical 
pocket, and method 2 corresponds to the amniotic fluid 
index. 

Amniotic fluid volume measurement by dye-dilu- 
tion. Measurement of aminohippurate sodium concen- 
tration was based on a diazo reaction previously de- 
scribed by Smith et al. and applied to amniotic fluid 
quantitation by Charles et al.'? and Charles and Ja- 
coby.’ A standard curve was created with a range of 
aminohippurate sodium concentrations based on an- 
ticipated amniotic fluid volumes. Both standards and 
samples were diluted 1: 100 in water before the diazo 
reaction and spectrophotometric evaluation. Spectro- 
photometric readings at a wave length of 540 nm were 
performed (Spectronic 20, Milton Roy Co., Rochester, 
N.Y.). Actual amniotic fluid volume was calculated by 
dividing the known amount of aminohippurate sodium 
injected into the amniotic sac (400 mg) by the amino- 
hippurate sodium concentration in amniotic fluid as 
derived from the standard curve (actual amniotic fluid 
volume = 400 mg + x mg/ml = x ml). 

Validation of dye measurement technique. The in- 
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trassay and interassay coefficients of variation were de- 
termined for the aminohippurate sodium assay at con- 
centrations of 0.5 and 0.1 mg of aminohippurate so- 
dium per milliliter of amniotic fluid; these 
concentrations represent amniotic fluid volumes of 800 
and 4000 ml, respectively. At each concentration five 
batches with 10 replicates were determined. At 0.5 
mg/ml, the intraassay and interassay ‘coefficients of 
variation were 2.32% and 1.21%, respectively. At 0.1 
mg/ml, the intraassay and interassay coefficients of 
variation were 7.465% and 4.58%, respectively. 

The effects of storage at 4° C and contamination with 
blood or meconium on the diazo reaction of amino- 
hippurate sodium in amniotic fluid were evaluated. 


Amniotic fluid obtained from a patient with symptom- . 


atic polyhydramnios was used for this study. 150 mg 
aminohippurate sodium (750 wl of 20% aminohippur- 
ate sodium) was added to 300 ml of clear amniotic fluid 
to yield an aminohippurate sodium concentration of 
0.5 mg/ml of amniotic fluid. The amniotic fluid was 
divided into four separate groups (A-D}, with 10 rep- 
licates per group. 

Group A was evaluated on day 0. Group B was stored 
at 4° C and was evaluated on day 5. Group C was con- 
taminated with fresh adult blood (approximately 50 pl 
per 100 ml) to produce a visibly blood-tinged specimen 
before centrifugation and was stored at 4° C for 5 days. 
Group D was contaminated with newborn meconium 
(approximately 0.5 gm in 100 ml amniotic fluid) to 
produce a visibly meconium-stained specimen before 
centrifugation and stored at 4° C for 5 days. 

The diazo reaction was performed and spectropho- 
tometric absorbance at 540 nm was determined on the 
10 replicates for each of the four groups. The 
mean + SD for the absorbance at 540 nm of groups 
A, B, C, and D were 0.150 + 0.014, 0.143 + 0.011, 
0.143 + 0.013, and 0.151 + 0.011, respectively. There 
was no statistical difference (p > 0.05) between groups 
A and B, B and C, or B and D with the unpaired 
Student / test with Bonferroni correction. Thus storage 
of the samples at 4° C for 5 days, mild blood contam- 
ination, and mild meconium staining of the specimens 
were considered not to affect aminohippurate sodium 
determination. 

Statistical analysis: Comparison of amniotic fluid 
volume to ultrasonographic techniques. Statistical 
evaluation was performed (Minitab Statistical Software 
Release 7, Minitab Inc., State College, Pa.). For each of 
the 13 semiquantitative methods (Table I), ultrasono- 
graphic measurements (independent variable) were 
plotted against actual amniotic fluid volumes (depen- 
dent variable) as determined by the dye-dilution pro- 
cedure. The various ultrasonographic methods were 
compared with the actual amniotic fluid volumes by 
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using regression analysis. An exponential function of 
the form, volume = exp[B, + B, In method; In = 
natural logarithm] was used for the calibration. This 
functional form is justified because for all the methods 
the relationship between volume and method is linear 
when both are transformed to a log scale. 

Predicted amniotic fluid volumes were calculated for 
each ultrasonographic measurement by introducing 
the value of the ultrasonographic measurement into 
the regression equation. The signed percent difference 
between the actual volume and predicted volume was 
calculated as (predicted volume — actual volume)/(ac- 
tual volume) x 100. 

Statistical analysis: Prediction of amniotic fluid vol- 
ume based on amniotic fluid index. Regression analysis 
was used to evaluate the relationship between amniotic 
fluid volume and amniotic fluid index. Before analysis 
a log transform was applied to amniotic fuid volume 
to linearize the relationship and normalize the distri- 
bution of volume. The mean amniotic fluid volume as 
a function of amniotic fluid index was then estimated 
by a first-degree polynomial. The standard error of the 
estimate from this regression was used to calculate an 
approximate 90% tolerance interval as the fitted 
line + 2 standard error of the estimate, where 2.0 is 
the tolerance factor associated with the sample size of 
50. The three lines were then transformed back to orig- 
inal units of volume for presentation. 

Prediction of oligohydramnios versus normal am- 
niotic fluid volume versus polyhydramnios. Clinical 
categories of amniotic fluid volume were defined as 
oligohydramnios (<500 ml), normal amniotic fluid vol- 
ume (2500 ml and $1500 ml), and polyhydramnios 
(>1500 ml). Predicted amniotic fluid volumes derived 
from the regression equations of ultrasonographic es- 
timates were compared with actual amniotic fluid vol- 
umes determined by dye-dilution technique by using 
the previously described clinical definitions of amniotic 
fluid volume. 


Results 


Fifty patients were enrolled in the study between Au- 
gust 1990 and April 1991. Amniocentesis was per- 
formed for fetal lung maturity in all 50 cases, with 
amniotic fluid decompression performed in three cases 
for symptomatic polyhydramnios. Conditions warrant- 
ing amniocentesis were diabetes or macrosomia 
(n = 19), previous cesarean section (n = 8), suspected 
intrauterine growth retardation (n = 6), polyhydram- 
nios or decompression (n = 6), suspected postdatism 
(n = 4), placenta previa (n = 4), and other obstetric 
indications (n = 3). Mean maternal age was 27.4 years, 
with a range of 17 to 39 years. Mean gravidity and 
parity were 3.2 (range 1 to 14) and 1.8 (range 0 to 11), 
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Table II. Thirteen potential ultrasonographic methods to assess amniotic fluid volume are compared 






Method 


Supine four-quadrant techniques 
4.14 


I 1.48 74.4 
2 3.19 1.30 71.4 
3 3.67 1.08 67.3 
4 3.63 1.20 72.7 
5 1.72 1.31 77.3 
6 3.59 0.53 80.7 
Lateral two-hemisphere techniques 
7 4.30 1.02 52.3 
8 4.72 1.10 41.1 
9 3.98 1.16 67.2 
10 4.02 1.12 48.2 
ll 4.05 1.14 43.7 
12 1.43 1.52 69.5 
13 3.81 0.50 64.3 








95% Range 





6.2 35.9 — 56.7 to 77.4 
7.0 38.7 — 53.9 to 88.7 
8.3 44.9 — 56.0 to 106.5 
6.8 38.2 — 55.8 to 94.1 
5.4 34.2 — 49.2 to 74.7 
4.5 29.1 — 54.4 to 64.4 
12.0 52.9 — 63.6 to 133.2 
13.7 54.5 — 75,8 to 116.8 
7.9 40.1 — 63.7 to 90.9 
12.9 55.6 — 60.5 to 145.3 
13.0 53.1 — 74.3 to 153.0 
6.7 34.6 — 60.9 to 64.6 
8.1 39.7 — 63.6 to 105.4 


In the exponential function y = exp [By + B,ln x], y represents actual amniotic fluid volume (mz-lliliters), and x represents the 


ultrasonographic method (centimeters). 


respectively. Mean menstrual age was 38.2 weeks, with 
ages ranging between 31.3 and 43.0 weeks. 

The time interval between the first and second am- 
niocenteses ranged from 20 minutes to 39 minutes, with 
a mean of 27.8 minutes. Three patients were found to 
have light meconium in both the first and second am- 
niocenteses. Three patients had clear amniotic fluid on 
the first amniocentesis and mildly blood-tinged amni- 
otic fluid at the second amniocentesis; one patient had 
mildly blood-tinged amniotic fluid at the first amnio- 
centesis and minimally blood-tinged fluid at the second 
amniocentesis. None of the fetuses experienced brady- 
cardia during or after the procedure. No other com- 
plications of amniocentesis were identified. 

Amniotic fluid aminohippurate sodium concentra- 
tion as determined by the diazo reaction averaged 0.63 
mg/ml (range 0.09 to 3.10 mg/ml). Mean amniotic fluid 
volume as determined by the dye-dilution method was 
1066 ml (range 129 to 4444 ml). 

Comparison of amniotic fluid volume with ultra- 
sonographic techniques. Exponential regression func- 
tions and the coefficients of determination for each of 
the 13 tested ultrasonographic methods are presented 
in Table II. All exponential functions are of the form 
y = exp [B, + B, In x] where y represents actual am- 
niotic fluid volume (milliliters) and x represents the 
ultrasonographic method (centimeters). Also shown are 
the mean, SD, and 95% range of measurement error. 

Because the amniotic fluid index (method 2) is the 
most commonly used clinical ultrasonographic tech- 
nique, comparisons of all methods were made with tke 
amniotic fluid index. The mean (+SD) amniotic fluid 
index was 16.4 cm (+6.5 cm), with a range from 2.7 
cm to 31.3 cm (Fig. 3). The amniotic fluid index dem- 
onstrated a relatively high coefficient of determinaticn 


(R? = 71.4%), low mean error (7.0%); and 95% range 
of error (— 53.9 to 88.7%) when compared with other 
techniques. The amniotic fluid index and other ultra- 
sonographic techniques appeared to overestimate the 
amniotic fluid volume at lower volumes and underes- 
timate the amniotic fluid volume at higher volumes 
(Fig. 4). Method 6, which requires summing the (an- 
terior-posterior X superior-inferior X right-left) of all 
four supine quadrants, demonstrated the highest cor- 
relation coefficient and lowest measurement error. 

An alternative approach to measuring amniotic fluid 
volume was evaluated. The lateral 2—hemisphere tech- 
nique was developed in the hope of improving mea- 
surement accuracy, simplicity, and patient comfort. 
Method 12, which measures the sum of the (anterior- 
posterior + superior-inferior + right-left) in both lat- 
eral hemispheres, demonstrated a comparable R? and 
measurement error to the amniotic fluid index. 

Prediction of amniotic fluid volume based on am- 
niotic fluid index. The estimated mean amniotic fluid 
volume curve and the 90% tolerance interval as a func- 
tion of amniotic fluid index are shown in Fig. 5. 
The mean curve is amniotic fluid volume = 
exp !9 + 2.095(amniorc Auid inde) and the interval is amniotic 
fluid volume = exp? + 0.093 amniotic fluid index) t RaRa where 
standard error of the estimate = 0.37. The tolerance 
interval estimates the normal range of amniotic fluid 
volume for 90% of all individuals with a specified am- 
niotic fluid index. For example, 90% of patients with 
an amniotic fluid index of 14 cm have an amniotic fluid 
volume of between 315 and 1383 ml, with a mean am- 
niotic fluid volume of 660 ml. 

Prediction of oligohydramnios versus normal am- 
niotic fluid volume versus polyhydramnios. Based on 
the actual amniotic fluid volume determined by the dye- 
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Fig. 3. With anterior-posterior measurements (centimeters), the four-quadrant amniotic fluid index 
is plotted against actual amniotic fluid volume (milliliters) as determined by dye-dilution studies with 
aminohippurate sodium. The curve is represented by the exponential equation y = exp [3.19 + 1.30 
In x], where y = actual amniotic fluid volume (milliliters), x = amniotic fluid index (centimeters), 


and R° = 71.4%. in, natural logarithm. 
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Fig. 4. Actual amniotic fluid volume (milliliters) as determined by the dye-dilution technique is 
plotted on the x axis. The percent error associated with volume estimations based on the amniotic 


fluid index (AFF) is given on the y axis. 


dilution technique, clinical categories of amniotic fluid 
volume were defined as oligohydramnios (<500 ml), 
normal amniotic fluid volume (=500 ml and $1500 ml), 
and polyhydramnios (>1500 ml). By these definitions 
12 study patients had oligohydramnios, 10 had poly- 
hydramnios, and 28 were normal. Predicted amniotic 
fluid volumes derived from the regression equations 
were then compared with actual amniotic fluid 
volumes. 

Errors in both overestimation and underestimation 
of amniotic fluid volume occurred with all ultrasono- 
graphic techniques among the 28 study patients who 
had normal amniotic fluid volume. Methods 1, 5, and 


9 correctly identified normal amniotic fluid volume in 
21 (75%) of cases. Methods 2 and 13 correctly identified 
normal amniotic fluid volume in 20 (71%) of 28 cases. 
Method 3 correctly identified normal amniotic fluid 
volume in 19 (68%) of 28 cases. The other techniques 
were less accurate in predicting normal amniotic fluid 
volume. 

Among the 12 study patients with oligohydramnios, 
none were misdiagnosed as polyhydramnios by the 13 
defined ultrasonographic techniques. Method 1 cor- 
rectly identified 9 (75%) of 12 patients with oligohy- 
dramnios. Methods 2, 5, and 13 identified 8 (67%) of 
12 patients with oligohydramnios. Methods 6 and 9 
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Fig. 5. The estimated mean amniotic fluid volume curve (solid line) and the 90% tolerance interval 
(dashed line} as a function of amniotic fluid index are shown. The mean curve is amniotic fluid 
volume = exp"? + 0.093{araniouc fluid index)) and the interval is amniotic fluid volume — exp” 19 + 0.093(amnictic fluid 
indes + 20037] where standard error of the estimate = 0.37. The tolerance interval estimates the 
normal range of amniotic fluid volume for 90% of all individuals with a specified amniotic fluid 


index. 


identified 7 (58%) of 12 patients with oligohydramnios. 
The other ultrasonographic methods were less accurate 
in diagnosing cligohydramnios because they identified 
a greater number of patients as normal. 

Among the 10 study patients with polyhydramnios, 
none were misdiagnosed as oligohydramnuios with the 
13 ultrasonographic techniques. Method 9 correctly 
identified 8 (80%) of 10 patients with polyhydramnios. 
Methods 3 and 5 identified 7 (70%) of 10 patients with 
polyhydramnics. Methods 1, 2, 4, 12, and 13 identified 
6 (60%) of 10 patients with polyhydramnios. The re- 
maining ultrasonographic methods were less accurate 
in diagnosing polyhydramnios because they identified 
a greater number of patients as having normal amniotic 
Auid volume. 


Comment 


Ultrasonographic estimates of amniotic fluid volume 
are at best semiquantitative and are subject to influences 
such as fetal movement and ultrasonographer experi- 
ence. Direct measurement of amniotic fluid at the time 
of cesarean section is impractical -ecause of incomplete 
collection of fluid or contamination with blood lost at 
surgery. Dye-dilution studies are considered the most 
reliable method of amniotic fluid volume measurement 
as demonstrated by Nelsen et al.,'° who found that three 
independent methods of dye-dilution led to compa- 
rable results when performed simultaneously. Dye-di- 
lution techniques have been used extensively to esti- 
mate amniotic fluid volumes in humans.'*" 16. 17, 19-23 

An ideal dye for amniotic fluid volume determination 
should (1) be nontoxic to the fetus and mother, (2) be 


stable and physiologically inert, (3) rapidly diffuse 
throughout the amniotic sac, (4) be of sufficient mo- 
lecular weight so as not to transfer outside of the am- 
niotic sac, and (5) be used as a constant dose in all 
cases.'* Charles et al. and Charles and Jacoby”® showed 
that sodium aminohippurate fulfilled the above criteria. 
We chose aminohippurate sodium'*"**® for our study 


- as opposed to other dyes such as Evans blue,” Coo- 


massie blue,” Cardiogreen,” and indigo carmine’ 
because of the greater experience with aminohippurate 
sodium in previous studies. A 20-minute to 40-minute 
time interval between amniocenteses was based on re- 
producible amniotic fluid volumes found by Charles et 
al.” Admixture of amniotic fluid and dye was aided by 
an extensive series of maternal positional changes. 

The dye-dilution method, probably the most accurate 
of measurement methods, is impractical for daily clin- 
ical use. Ultrasonography is a noninvasive, safe, indirect 
method of amniotic fluid assessment. The amniotic 
fluid index, which measures the cumulative maximum 
anteroposterior depths of amniotic fluid in four quad- 
rants, remains the most popular technique to clinically 
assess amniotic fluid volume. In our study this tech- 
nique demonstrated a high correlation coefficient and 
reasonable measurement error when compared with 
other ultrasonographic techniques. The maximal un- 
derestimation and overestimation of amniotic fluid vol- 
ume were 53.9% and 88.7%, respectively. 

The amniotic fluid index and the other techniques 
appeared to overestimate the amniotic fluid volume at 
low volumes and underestimate amniotic fluid volume 
at higher volumes (Fig. 4). The degree of overesti- 
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mation at lower volumes appears relatively greater than 


the degree of underestimation at higher volumes in 
terms of percentage error. This is consistent with the 
findings of Moore and Cayle,'® who noted a larger in- 
traobserver percentage error in measuring small vol- 
umes of amniotic fluid. They found the absolute mea- 
surement error remained relatively constant through- 
out all ranges of volume. Overestimation at lower 
volumes may occur because of inclusion of umbilical 
cord in fluid pockets. In constrast, incomplete mea- 
surement of amniotic fluid depth posteriorly may con- 
tribute to underestimation at higher volumes. Our data 
demonstrate a continuous, linear trend in percentage 
measurement ‘error from low to high amniotic fluid 
volumes. As stated previously, the posterior uterine wall 
was visualized in all study patients when measuring 
anterior-posterior fluid depth. When the lowest and 
highest values of amniotic fluid volume were eliminated 
from regression analysis, there appeared to be no effect 
on the exponential function. 

One limitation to our method of.ultrasonographic 
measurement is that only one set of measurements was 
obtained. This was necessary, we found, to perform the 
proposed measurements in 18 planes (Figs. 1 and 2) 
and still have adequate time to perform the second 
amniocentesis within the targeted time range. Inter- 
observer error was eliminated by having the same per- 
son, very experienced in this technique, perform all of 
the ultrasonographic measurements throughout the 
study. 

The deepest vertical pocket (method 1) demon- 
strated a similar coefficient of correlation and mea- 
surement error to the amniotic fluid index (method 2). 
Moore? has shown the amniotic fluid index to be su- 
perior to the deepest vertical pocket. Our findings may 
be in part explained by the fact that the deepest vertical 
pocket was determined in this study by taking the great- 
est of the four quadrant anterior-posterior measur- 
ments; previously, the deepest vertical pocket has been 
obtained by recording the subjectively deepest pocket 
of amniotic fluid. Therefore, the accuracy of the deep- 
est vertical pocket was improved to the level of the 
amniotic fluid index by measuring four separate quad- 
rants and using the deepest. This method of deepest 
vertical pocket offers no advantage over the amni- 
otic fuid index because four measurements are re- 
quired. 

Our concept of measuring amniotic fluid in the lat- 
eral decubitus position was derived from the observa- 
tion that the amniotic fluid was better visualized around 
the fetal small parts when the fetus was in a spine-down 
position (Fig. 2). In theory, several advantages seem 
inherent to this procedure, including improved am- 
niotic fluid assessment, increased patient comfort (es- 
pecially in advanced gestations), and fewer measure- 
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ments because only two hemispheres are involved. The 
theoretic disadvantages include difficulty in the ultra- 
sonographer’s adjustment to a new technique, prob- 
lems in patient positioning on some types of antepar- 
tum testing beds, and greater difficulty in obtaining 
measurements earlier in gestation when the fetus is not 
limited to one position by an increasing fetal volume- 
to-amniotic fluid volume. Method 12, which is the sum 
of the anterior-posterior, superior-inferior, and right- 
left measurements in the two lateral hemispheres, ap- 
pears to contain the least error of these lateral tech- 
niques but does not appear to be clinically superior to 
the amniotic fluid index. Method 9, which is the sum 
of the two anterior-posterior measurements of the 
cephalad and caudal hemispheres, demonstrated low 
measurement error and requires only two ultrasono- 
graphic measurements. These measurements are in the 
anterior-posterior direction in the lateral position and 
therefore require a different orientation of the trans- 
ducer (Fig. 2). Method 9 also does not appear to pro- 
vide a clinical advantage over the amniotic fluid index. 

None of the 13 ultrasonographic methods misdi- 
agnosed oligohydramnios as polyhydramnios or poly- 
hydramnios as oligohydramnios. The amniotic fluid in- 
dex (method 2) correctly identified oligohydramnios, 
polyhydramnios, and normal amniotic fluid volume in 
67%, 60%, and 71% of cases, respectively. Because of 
the small number of study patients with oligohydram- 
nios (n = 12) and polyhydramnios (n = 10), we are un- 
able to identify the optimal method of diagnosing these 
abnormal conditions with current clinical definitions. 

Strong et al.** demonstrated that saline amnioinfu- 
sion of 250 ml in term-laboring women with oligohy- 
dramnios (amniotic fluid index <5 cm) resulted in a 
mean increase in the amniotic fluid index of 4 cm. 
Inversion of our regression equation for amniotic fuid 
index (Table II) yields the following equation: amni- 
otic fluid index = exp! ^V - 919/199 With this formula 
an amniotic fluid volume of 175 ml is equivalent to an 
amniotic fluid index of 4.6 cm. If 250 ml of fluid were 
added, thus yielding an amniotic fluid volume of 425 
mi, an amniotic fluid index of 9.0 cm would result with 
a net increase of 4.4 cm, which is in close accordance 
with the findings of Strong et al.”* 

The accuracy of any method of assessment is limited 
to the intrinsic characteristics of the test. Such is the 
case in attempting to quantitate amniotic fluid volume 
indirectly by ultrasonography with a limited number of 
measured dimensions. The major source of error in 
ultrasonographic amniotic fluid volume assessment is 
that one-dimensional measurements are being used to 
estimate the volume of a three-dimensional object with 
a complex shape. Simple relationships between one- 
and three-dimensional parameters do not exist if the 
shape of the object is complex. This is demonstrated 
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in Fig. 5, where an amniotic fluid index of 14 cm rep- 
resents a mean amniotic fluid volume of 660 ml and a 
90% tolerance interval of 315 to 1383 ml. 

Other ultrasonographic methods of amniotic fluid 
volume assessment demonstrated a reduction in mea- 
surement error when compared with the amniotic fluid 
index. The 95% range of error for the amniotic flu:d 
index was — 53.9% to 88.7%, whereas that of methcd 
6 was —54.4% to 64.4%. We conclude that this redur- 
tion does not appear to be clinically sufficient to warrant 
replacement of the amniotic fluic index. 


We thank Lorraine Cano, RN, for her invaluable con- 
tribution to this project and E. O’Brian Smith, PhD, 
United States Department of Agriculture/ Agricultural 
Research Service Children’s Nutrition Research Center, 
Department of Pediatrics, Baylor College of Medicine, 
for statistical consultation. 
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Do semiquantitative amniotic fluid indexes reflect 


actual volume? 


Christopher S. Croom, MD, Bruce B. Banias, MD, Edgard Ramos-Santos, MD, 
Lawrence D. Devoe, MD, Ali Bezhadian, PhD, and A. Kinney Hiett, MD 


Augusta, Georgia 


OBJECTIVE: Our objective was to determine how well semiquantitative ultrasonographic measures of 
amniotic fluid, i.e., maximal amniotic fluid vertical pocket and amniotic fluid index, reflect actual amniotic 
fluid volumes in 50 near-term patients whose amniotic fluid volume estimates were normal by visual 


inspection. 


STUDY DESIGN: Before amniocentesis for fetal lung maturity, each patient had visual amniotic fluid 
volume estimates, maximal amniotic fluid vertical pocket, and amniotic fluid index performed by the sarne 
examiner, and then each received intraamniotic injection of a 10% paraaminohippurate solution. Amniotic 
fluid volume was quantitated by spectrophotometric assay of paraaminohippurate concentration. 
Oligohydramnios and polyhydramnios were de“ined as <300 and >2000 ml, respectively. 

RESULTS: Quantitative amniotic fluid volume was positively related to both amniotic fluid index and 
maximal amniotic fluid vertical pocket (r = 0.75 and 0.60, respectively). True-positive rates for 
oligohydramnios (amniotic fluid index <5 cm or maximal amniotic fluid vertical pocket <2 cm) were 100% 
and 0%, respectively; false-positive rates with either method were 0%. True-positive rates for 
polyhydramnios (amniotic fluid index >20 cm and maximal amniotic fluid vertical pocket >8 cm) were 0%; 


false-positive rates were 16% and 24%, respectively. 


CONCLUSIONS: Amniotic fluid index appears to be slightly better than maximal amniotic fluid vertical 
pocket for reflecting actual amniotic fluid volume. Both indirect methods tend to overestimate actual 
amniotic fluid volume at the upper end of its extremes. (Am J Osster GynecoL 1992;167:995-9.) 


Key words: Amniotic fluid volume, amniotic fluid pocket, amniotic fluid index, 


ultrasonography 


Amniotic fluid volume varies with gestational age and 
has been related to a variety of pregnancy complica- 
tions. Both invasive'® and noninvasive methods** for 
evaluating amniotic fluid volume have been investi- 
gated. Invasive methods for quantitating amniotic fluid 
volume involve the instillation of either colored or 
inert solute markers into the amniotic cavity, followed 
by a spectrophotometric determination of marker di- 
lution.'® Noninvasive methods for estimation of am- 
niotic fluid volume have been based on amniotic fluid 
pocket visualization by real-time ultrasonography and 
have been included in fetal biophysical testing 
schemes.’ Three different techniques of ultrasono- 
graphic assessment of amniotic fluid volume have been 
reported: (1) simple visual estimation with the rela- 
tionships of the intrauterine contents,* (2) vertical 
measurement of the single maximal amniotic fluid 
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pocket,’ and (3) the four-quadrant summation of max- 
imal amniotic fluid pocket depth or the amniotic fluid 
index.® No noninvasive technique is a true, quantitative 
measure of amnictic fluid volume, and none have been 
correlated with marker-dilution measurement of am- 
niotic fluid volume in a systematic study of normal hu- 
man subjects. If any technique were to be considered 
a valid reflection of actual amniotic fluid volume, then 
its correlation with directly quantitated volume would 
be essential. The purpose of this study is to compare 
two “semiquantitative” methods of assessing amniotic 
fluid volume in a population of near-term pregnancies. 
Our null hypothesis is that quantitation of amniotic 
fluid volume, by means of an inert chemical marker, 
correlates well with ultrasonographically derived esti- 
mates of amniotic fluid volume, with either the maximal 
amniotic fluid vertical pocket or amniotic fluid index. 


Material and methods 
Fifty patients were recruited before undergoing am- 


_ niocentesis for biochemical fetal lung maturity assess- 


ment and subsequent repeat cesarean section. Before 
entry into the study each patient was considered to have 


a normal amniotic fluid volume on the basis of visuals |. 
inspection of ultrasonographic examination performed An ~ 
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Amniotic Fluid Index 


Fig. 1. Amniotic fluid indexes are correlated with quantitative amniotic fluid volumes. Broken hori- 
zontal line, Threshold for oligohydramnios (amniotic fluid volume <200 ml); broken vertical lines, 
thresholds for oligohydramnios (amniotic fluid index <5) and polyhydramnios (amniotic fluid index 


>20), respectively. 


within the preceding hour. Each patient was also be- 
lieved to have a normal near-term. single gestation but 
did not meet. the guidelines recommended by the 
American College of Obstetriciars and Gynecologists 
Committee on Obstetrics’ for scheduled cesarean sec- 
tion without, amniocentesis. Informed consent, as ap- 
proved by the institutional Human Assurance Corr- 
mittee, was obtained from each patient before study. 
Ultrasonographic examinations were peformed by the 
authors with an Acuson 128 (Acuson Corporation, 
Mountain View, Calif.) with a 3.5 MHz linear array 
transducer. Interobserver variation for ultrasono- 
graphic assessment of amniotic fluid volume in our lab- 
oratory had been established previously to be <10%.8 

Each examination was performed in a similar man- 
ner, after the preceding assessment of amniotic fluid 
volume, with the criteria of Crowley.’ A measurement 
of the single’ maximal amniotic fluid vertical pocket was 


made and followed by determination of amniotic fluid ` 


index, with the approach described by Moore and 
Cayle.? Amniocentesis was performed with a 20-gauge 
needle under ultrasonographic guidance; the neede 
remained in place for the duration of the study, After 
10 ml of amniotic fluid was withdrawn and sent for 
determination of the lecithin/sphingomyelin ratio and 


phosphatidylglycerol levels, 10 ml of a 10% solution of 
paraaminohippurate was injected into the amniotic cav- 
ity. The instilled paraaminohippurate was allowed to 
diffuse for 15 to 20 minutes. The needle was flushed 
with 2 to 3 ml of normal saline solution and a second 
10 ml aliquot of amniotic fluid was removed for anal- 
ysis. The intraamniotic location of the needle was con- 
firmed before, during, and after paraaminohippurate 
injection and before removal of the second amniotic 
fluid aliquot, to assure the consistency of the sampling 
location. 

The postinjection amniotic fluid sample was then 
centrifuged for 10 minutes at 3000 revolutions/min, 
and the concentration of paraaminohippurate was de- 
termined by the diazo reaction method of Charles and 
Jacoby.' Amniotic fluid volumes were calculated by di- 
viding the amount of injected paraaminohippurate by 
the product of paraaminohippurate concentration in 
the test solution and the dilution of the postinjection 
amniotic fluid. 

The study data were analyzed with linear regression 
of each ultrasonographic assessment technique versus 
the amniotic fluid volume calculated by marker-dilution 
and each ultrasonographic assessment technique versus 


‘the other. Correlation coefficients were calculated on 
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Maximal Pocket (cm) 


Fig. 2. Maximal vertical pockets are correlated with quantitative amniotic fluid volume. Broken 
horizontal line, Threshold for oligohydramnios (amniotic fluid volume <200 ml); broken vertical lines, 
thresholds for oligohydramnios (maximal amniotic fluid vertical pocket <2) and polyhydramnios 
(maximal amniotic fluid vertical pocket >8), respectively. 


each of the pairs of variables examined. F tests were 
performed on individual measurement sets. A p value 
of <0.05 was considered to be significant. 


Results 


At the time of study patients had a mean gestational 
age assigned on the basis of menstrual dates or prior 
ultrasonographic examination of 38.6 + 1.2 (SD) 
weeks. There were no procedural complications after 
amniocentesis (i.e., infection, bleeding, rupture of 
membranes, or fetal trauma}, All pregnancies ended in 
uneventful cesarean deliveries. The infants were as- 
sessed by Ballard criteria to be within 2 weeks of their 
previously assigned ages. No infant experienced any 
neonatal complications; all were appropriately grown 
for gestational age. 

The mean + SD quantitative amniotic fluid volume 
was 702 + 282 ml, with a range of 200 to 1495 ml. By 
the criteria established by Brace and Wolfe, no preg- 
nancy had polyhydramnios; two had oligohydramnios. 
Fig. 1 shows the regression of quantitative amniotic 


fluid volume on amniotic fluid index (r = 0.753, ` 


R? = 0.568, p = 0.0001). Fig. 2 shows the regression 
of quantitative amniotic fluid volume on maximal am- 
niotic fluid vertical pocket (r = 0.599, 7? = 0.358, 
p = 0.0007). Fig. 8 shows the regression of amniotic 


fluid index on maximal amniotic fluid vertical pocket 
(r = 0.773, R? = 0.599, p = 0.0001). By the previously 
reported ultrasonography thresholds for oligohydram- 
nios (amniotic fluid index <5 cm,'! maximal amniotic 
fluid vertical pocket <2 cm") the true-positive rates of 
these tests were 100% and 0%, respectively, and the 
false-positive rates for both tests were 0%. With the 
reported ultrasonographic criteria for polyhydramnios 
(amniotic fluid index >20 cm,” maximal amniotic fluid 
vertical pocket >8 cm"), there were eight (16%) and 
12 (24%) cases of false-positive polyhydramnios, re- 
spectively. Overall test accuracies were 84% (amniotic 
fluid index) and 72% (maximal amniotic fluid vertical 


pocket). 


Comment 


During the past decade objective assessment of am- 
niotic fluid volume has become an important aspect of 
fetal evaluation, largely because of the increasing use 
of biophysical testing methods. Subjective visual as- 
sessment is the least difficult means of surveying am- 
niotic fluid volume but is hampered by problems with 


‘reproducibility and in interobserver agreement." Nev- 


ertheless, this method is still probably the most widely 
used approach for evaluation of amniotic fluid volume, 
and it should be considered in any future comparative 
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Fig. 3, Regression of amniotic fluid indexes on maximal vertical pockets. 


studies that address amniotic fluid volume assessment. 
The ultrasonographically derived indexes for describ- 
ing amniotic fluid volume were attempts to resolve 
some of the problems associated with visual estima- 
tion.’ Although clinical experier.ce with the maximal 
amniotic fluid vertical pocket assessment is exten- 
sive,” '* the validation of the amniotic fuid index is still 
in progress.” Similarities between amniotic fluid index 
and quantitative amniotic fluid volume have been 
described®; however, direct comparisons of these in- 
vasive and noninvasive approaches to estimation of am- 
niotic fluid volume have not been reported in normal 
human pregnancy. 

This study represenis a preliminary effort to deter- 
mine the relationship of semiquantitative measures of 
amniotic fluid volume to a “gold standard” (i.e., quan- 
titation of amniotic fluid volume). Because amniotic 
fluid volume mav vary considerably throughout ges- 
tation and may be affected by abnormalities of preg- 
nancy, we limited our focus to normal pregnancies 
within a narrow gestational age range. To,.create a “best 
case” scenario for normal amniotic fluid, patients were 
selected after their amniotic fluid volume was thought 
to be normal by initial screening ultrasonography. This 
approach was selected because it was our impressicn 
that subjective amniotic fluid evaluation is still used 
commonly in routine ultrasonographic studies. The 
methodology of marker dilution to assess actual am- 
niotic fluid volume is well established.'* Our values for 
quantitative amniotic Huid volume, in the gestational 


age range studied, agree with those previously reported 
by Queenan et al? who used similar laboratory meth- 
ods. Although this observation supports the validity of 
our patient selection and determination of amniotic 
fluid volume, the use of a single needle puncture (even 
with flushing) might have affected our observations. 
Such effects on marker concentration cannot be ac- 
counted for retrospectively but would have been pres- 
ent in both comparisons, 1.e., maximal amniotic fluid 
vertical pocket and amniotic fluid index. 

We have found that in normal term pregnancies both 
amniotic fluid index and maximal amniotic fluid ver- 
tical pocket have a positive correlation with quantitative 
amniotic fluid volume and with each other. A similar 
correlation between amniotic fluid index and maximal 
amniotic fluid vertical pocket has been reported pre- 
viously by Moore.” To our xnowledge, the correlations 
between quantitative amniotic fluid volume and am- 
niotic fluid index or maximal amniotic fluid vertical 
pocket have not been reported previously in normal 
human term pregnancy. Cur data imply that, within 
their normal ranges, both noninvasive estimates of am- 
niotic fluid volume give a similar representation of ac- 
tual volume. It should be noted that amniotic fluid in- 
dex but not maximal amniotic fluid vertical pocket de- 
tected the two cases of oligohydramnios that were also 
unsuspected by visual inspection. At the other extreme, 
both indexes tend to overestimate the amniotic fluid 
volume, given their similar false-positive rates for 
polyhydramnios. Although both amniotic fluid index 
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and maximal amniotic fluid vertical pocket had similar 
predictive accuracies, our data suggest that amniotic 
fluid index might prove superior for detecting oligo- 
hydramnios, especially if it is otherwise unsuspected in 
a low-risk population. However, the selection criteria 
for our relatively small population do not permit us to 
conclude that one noninvasive method is unquestion- 
ably superior for the general evaluation of both normal 
and abnormal amniotic fluid volumes. 

Errors in the detection of abnormal amniotic fluid 
volume at either extreme may have important clinical 
implications. The failure to discover oligohydramnios 
may lead to the omission of tests essential for the di- 
agnosis of fetal abnormalities, unsuspected rupture of 
membranes, or fetal compromise. Conversely, the er- 
roneous diagnosis of polyhydramnios could result in 
the performance of unnecessary and possibly invasive 
fetal evaluation procedures. In this respect, both in- 
dexes of amniotic fuid volume have apparent limita- 
tions that should be kept in mind. 

In conclusion, our study has shown that both objec- 
tive ultrasonographic estimates of amniotic fluid vol- 
ume yield a fair representation of quantitative amniotic 
fluid, determined by marker dilution, in most cases, 
when amniotic fluid is thought to be normal. Although 
the cutoff points for noninvasive amniotic fluid esti- 
mation that are most frequently used may be arbitrary 
rather than normative, these noninvasive methods have 
the obvious advantages of being safe and more repro- 
ducible than visual estimation alone. Although marker 
dilution measurement of amniotic fluid volume may be 
considered a “gold standard,” it is not a practical 
method for screening most pregnancies and would cer- 
tainly be an unrealistic approach for continuing follow- 
up of complicated pregnancies. 
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Screening for congenital heart disease with the four-chamber 


view of the fetal heart 


Patrizia Vergani, MD, Silvana Mariani, MD, Alessandro Ghidini, MD, 
Riccardo Schiavina, MD, Maria Cavallone, MD, Anna Locatelli, MD, Nicola Strobelt. MD, 


and Patrizia Cerruti, MD 
Monza, Italy 


OBJECTIVE: Our objective was to determine the efficacy of the four-chamber view of the fetal heat in 
routine ultrasonographic examination as a screening tool for congenital heart defects. 

STUDY DESIGN: A prospective cohort study compared the detection rate of congenital heart defects 
among 5336 pregnant women screened with the ultrasonographic four-chamber view of the fetal heart 
from 1987 through 1989 with that among 3680 patients examined ultrasonographically without the 
four-chamber view during the 2 preceding years (1985 through 1986). All patients were followed until 
delivery or termination of pregnancy, and clinical or autopsy confirmation of prenatal findings were 


obtained on all cases. 


RESULTS: The overall incidence of congenital heart diseasas was 5.2 per 1000 (47/9016). During the 
years 1985 through 1986 15 neonates with congenital heart diseases were identified, seven of which were 
prenatally diagnosed (sensitivity 43%). During the period 1937 through 1989 a four-chamber view cf the 
fetal heart was obtained in 95% of cases; 32 cases of congenital heart disease occurred, 26 of which were 
diagnosed antenatally (sensitivity 81%, p = 0.01). Two false-positive diagnoses were made during the 


second time period, giving a specificity of 99.9%. 


CONCLUSION: The four-chamber view of the fetal heart is easily obtained, does not significantly increase 
the duration of a routine ultrasonographic examination, and has an excellent sensitivity for the iden:ification 
of congenital heart diseases. (Am J OssteT Gynecot 1992;157:1000-3.) 


Key words: Congenital heart disease, ultrasonographic screening 


Most cases of congenital heart disease are of struc- 
tural rather than functional origin. Therefore distcr- 
tion of the normal cardiac anatomy is the most impcr- 
tant finding on antenatal ultrasonographic evaluation. 
The incidence of congenital heart disease has been re- 
ported as two to three per 1000 among newborns,’ but 
it is expected to be higher in fetuses. Targeted echo- 
cardiographic examination of the fetal heart and of tae 
afferent and efferent vessels has an excellent detection 
rate for congenital heart disease. However, it is a time- 
consuming examination and it requires specific exper- 
tise. Therefore fetal echocardiograms have tradition- 
ally been done only in cases at high risk for congenizal 
heart disease. Unfortunately, the common indications 
for echocardiography will only enable detection in a 
minority of cases; the incidence of congenital heart dis- 
ease is only 1% among patients referred because of a 
pesitive family history, 1.6% among those with a fezal 
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arrhythmia, 2% among those exposed to known tera- 
togens, and 3.1% among diabetic mothers.’ The inci- 
dence increases to 23% in zases of known extracardiac 
anomalies, 25% in cases cf known aneuploidies, and 
33.3% in cases of nonimmune hydrops. The highest 
incidence (50%) of congenital heart disease occurs in 
cases referred because of a suspected congenital heart 
disease on a routine ultrascnographic scan.” In fact, the 
majority of congenital heart diseases do not have known 
risk factors. 

The four-chamber view of the fetal heart has been 
proposed as a method to improve the sensitivity of level 
I scans.** This scanning plane has several features that 
make it an appealing screening tool: It can be easily 
taught, it is feasible in about 95% of cases, and it ap- 
pears to have a high sensitivity for the detection of 
congenital heart disease. Indeed, a retrospective study 
showed that 92% of all congenital heart diseases di- 
agnosed at a prenatal echocardiographic center had 
abnormal four-chamber sections.’ It has been argued, 
however, that four-chamber views obtained in a screen- 
ing fashion by less skilled obstetric ultrasonographers 
could miss a large number of major heart lesions.” No 
study has been published so far in the English literature 
evaluating in a prospective fashion the usefulness of 
the four-chamber view of the fetal heart as a screening 
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Table I. Cardiac anomalies identified in utero 


Lesion 1985-1986 | 1987-1989 


Ventricular septal defect 0 6 

Complete atrioventricular septal l 3 
defect 

Hypoplastic left heart syndrome 

Interatrial and interventricular 
defects 

Ectopia cordis 

Ebstein anomaly 

Septal hypertrophy 

Cardiomegaly 

Situs inversus 

Abnormal tricuspid valve 

Aneurysm of the foramen ovale 

Single ventricle 

Cardiac rhabdomyoma 
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*One of which was a false-positive diagnosis. 


tool for the detection of congenital heart disease in a 
low-risk population. 

We verihed this hypothesis in a prospective cohort 
study, where the sensitivity of a four-chamber view for 
congenital heart disease in one group of patients was 
compared with that of a historic group where a stan- 
dard ultrasonographic examination was performed. 


Material and methods 


Between January 1985 and December 1989 a total 
of 9016 women underwent routine ultrasonographic 
examinations at the Ospedale S. Gerardo, Monza, Italy. 
Of these, 3680 were examined during the years 1985 
through 1986, whereas the remaining 5336 scans were 
performed during the years 1987 through 1989. Rou- 
tine ultrasonographic scans were performed at 18 to 
20 weeks’ gestation; patients with risk factors for con- 
genital heart disease (i.e., diabetes, family history of 
congenital heart disease, teratogen exposure) were sub- 
sequently sent for a detailed echocardiographic ex- 
amination. All patients underwent determination of fe- 
tal biometry and morphologic types with 3.5 and 5.0 
MHz sector scanners (Toshiba SSA-90A, Tokyo, and 
Ultramark 4, Advanced Technology Laboratories, 
Bothell, Wash.). The operators were obstetricians with 
degrees of experience in prenatal ultrasonography 
ranging from 2 months to 8 years. When a suspicious 
four-chamber view was detected by a ultrasonographer 
of recent training, confirmation of the findings by a 
more experienced ultrasonographer was required be- 
fore the patient was sent for an echocardiographic ex- 
amination. This was aimed at reducing the number of 
false-positive diagnoses. 

During the first study period fetal cardiac anatomy 
evaluation was left to the operator’s initiative without 
the routine use of a four-chamber view. We estimate 
that in about 20% of cases a four-chamber view was 
visualized. Starting in January 1987, an attempt at the 
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Table ITI. False-negative diagnosis with the 
four-chamber view 


Lesion | 1985-1986 : 1987-1989 


Ventricular septal defect 3 l 

Atrial septal defect 2 ] 

Transposition of great vessels 0 2 

Cardiomegaly with atrial sep- l 0 
tal defect 

Dextrocardia with aortic ] 0 
coarctation 

Tricuspid atresia and hypo- l 0 
plastic right ventricle 

Truncus arteriosus with ven- 0 l 
tricular septal defect and 
atrial septal defect 

Tetralogy of Fallot 0 l 

TOTAL 8 6 


Table III. Outcome of cardiac anomalies 
identified in utero 


; Termination of | Intrauterine | Neonatal 
Lesion pregnancy | fetal death | death 


Ventricular septal 2 l 3 
defect 

Complete atrioven- a l 5 
tricular septal 
defect 

Hypoplastic left heart 
syndrome 

Interatrial and inter- 
ventricular defects 

Ectopia cordis ` 

Ebstein anomaly 

Septal hypertrophy 

Cardiomegaly 

Situs inversus 

Abnormal tricuspid 
valve 

Aneurysm of the fo- 
ramen ovale 

Single ventricle 

Cardiac rhabdo- 
myoma 


an E e 
O = 
© KN 


— © kane BE a BE am Bias BE uun E E> 
oo Co COOon oo Se 


— 
RO 


TOTAL _ 8 7 


four-chamber section of the fetal heart was made on 
all patients. This view is imaged in a transverse plane 
of the fetal thorax just above the diaphragm.’ It allows 
visualization of the atrial and ventricular chambers and 
walls, the interventricular septum, the foramen ovale, 
and the tricuspid and mitral valves. This view was con- 
sidered abnormal if any of the following findings were 
detected: displacement of the heart from the normal 
site and orientation, ventricular disproportion, myo- 
cardial hypertrophy, dilatation or hypoplasia or any 
cardiac chamber, septal defects, or atrioventricular 
valve deformity. Any of these abnormalities prompted 
an echocardiographic evaluation. Confirmation of the 
diagnosis led to a multidisciplinary approach, with in- 
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Table IV. Outcome of karyotype anomalies associated with prenatal congenital heart disease 


In utero Elective Neonatal Alive at 
Chromosomal anomaly Total death ~ abortion death I mo 
7 0 4 


Trisomy 21 l 2 
Trisomy 18 7 2 2 3 0 
Monosomy X 2 3 0 2 0 
Triploidy 2 l 1 0 0 
Trisomy 13 2 J 0 2 0 
47,XX%,15 + /60,XXX l J 0 ] 0 


volvement of a pediatric cardiologist, a geneticist, and 
the obstetrician, so that the most accurate informaticn 
could be given to the parents to help them in the de- 
cision-making process. Chromoscme analysis was per- 
formed in all cases: on amniotic fluid cells in ab- 
normal cases detected antenatally and on peripheral 
lymphocytes in cases diagnosed postnatally. 

All patients were followed unul delivery or termi- 
nation of pregnancy, all of which occurred at our hos- 
pital. Clinical or autopsy confirmation of abnormal an- 
tenatal findings was obtained on all cases. During the 
study period newborns were admitted for at least 3 days 
after normal vaginal delivery and 5 days after cesareen 
section. Newborns subsequently returned for follow- 
up examination after 1 week. ‘The neonatologic and the 
obstetric ultrasonographic team met weekly to ex- 
change information regarding cases of anomalies di- 
agnosed prenatally or postnatally. This feedback from 
the neonatalogists was essential in assessing the rate of 
false-negative diagnoses. 


Results 


Overall, 47 cases of congenital heart disease occurred 
during the 5-year period, giving an incidence of 5.2 
per 1000 (47/9016). E 

During the years 1985 and 1986 15 cases of congen- 
ital heart disease were identified among 3680 patients, 
seven by routine prenatal ultrasonographic scan and 
eight in the neonatal period. The sensitivity of prenatal 
testing was therefore 46.7%. No false-positive diag- 
noses were made. o 

During 1987 through 1989 the four-chamber view 
of the fetal heart was introduced into the examination 
and was successfully obtained in 95% of cases. A total 
of 32 cases of congenital heart disease occurred; sus- 
picion was raised by prenatal routine four-chamber 
view scans in 28 cases, and in 26 cases the diagnosis 
was confirmed by echocardiographic examination, 
yielding a sensitivity of 81%. There were two false- 
positive diagnoses, giving a specificity of 99.9%. One 
was an apparent abnormal insertion of the tricuspid 
valve, and the second was a relative hypoplasia of tae 
left ventricle. Neither suspicion was subsequently con- 
firmed by echocardiography. 


The types of cardiac anomalies diagnosed antenatally 

are reported in Table I. False-negative diagnoses for 
the two study periods are reported in Table II. 
- Among the seven cases of congenital heart disease 
diagnosed in utero during the period 1985 through 
1986, four died in utero and three during the neonatal 
period. Of the 26 cases diagnosed during 1987 through 
1989, eight were electively terminated, three died in 
utero, 10 died during the neonatal period, and five 
survived. The outcome of cases diagnosed in utero sub- 
divided by type of cardiac anomaly is presented in Table 
II. The outcome of the cases with false-negative pre- 
natal diagnoses of congenital heart disease was as fol- 
lows: during 1985 through 1986, four of the eight cases _ 
died during the neonatal period and four survived and 
during 1987 through 1989 two of the six cases died 
shortly after birth and four survived. In summary, the 
in utero fetal death rate in the cases of congenital heart 
disease was 17.9% (7/39) (after exclusion of termina- 
tion of pregnancies), and the neonatal mortality rate 
was 59.4% (19/32). 

The incidence of chromosomal anomalies in these 
cases of congenital heart disease was 44.7% (21/47). 
The outcome of these cases is shown in Table IV. 


Comment 


It has been suggested that incorporation of the four- 
chamber view of the fetal heart into routine obstetric 
scanning may improve the diagnostic rate of congenital 
heart disease.’ 

A report from an echocardiographic center in En- 
gland noticed an increase over the years in referrals of 
congenital heart disease cases suspected prenatally dur- 
ing routine ultrasonographic scans.* This change was 
attributed to the education of the obstetricians and ul- 
trasonographers in obtaining the four-chamber view 
during routine ultrasonographic examinations. The 
authors speculated that over 60% of severe congenital 
heart diseases could be detected by means of the four- 
chamber view. Indeed, a retrospective study on all fetal 
congenital heart diseases detected at an echocardio- 
graphic center showed that 92% of them had an ab- 
normality visible with the four-chamber view.’ 

It has been argued that such a high diagnostic yield 
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would not be reproducible in less expert hands, because 
the information that an echocardiographer can obtain 
from the four-chamber view is certainly greater than 
the one a normal uJtrasonographer would gather from 
the same scan.’ In this context our results are reassuring 
in that the sensitivity of the four-chamber view used 
during level I ultrasonographic examinations in an un- 
selected population (constituted predominantly of pa- 
tients at low risk for congenital heart disease) was 81%. 
Although this result is lower than expected by Copel 
et al.,” it is still a definite improvement when compared 
with the 43% sensitivity of a routine ultrasonographic 
screening that does not use this diagnostic scanning 
plane. The two groups in our study were similar in 
terms of gestational age and the ultrasonographer’s €x- 
perience; still there was a significant improvement in 
the diagnostic sensitivity with the four-chamber view. 
Although we did not examine how the operator’s ex- 
perience and the gestational age at the time-of the 
screening affected the detection rate, itis probable that 
both factors can significantly affect the sensitivity of the 
four-chamber view. 

The introduction of this scanning plane in a routine 
ultrasonographic examination could generate a num- 
ber of false-positive diagnoses, thereby creating un- 
necessary anxiety in the patients and needless crowding 
of echocardiographic centers. However, our experience 
is that false-positive diagnoses with the four-chamber 
view are rather uncommon. It can also be expected that 
the more familiar the ultrasonographer becomes with 
this scanning plane, the lower is the false-positive rate. 
As to the false-negative diagnoses, because in our series 
a neonatal echocardiographic examination was per- 
formed only in the presence of a clinical suspicion of 
congenital heart disease, minor heart defects may have 
gone undiagnosed both prenatally and during the neo- 
natal period. However, the incidence of congenital 
heart diseases in our series (5.2/1000) compares fa- 
vorably with the data available in the literature, where 
is appears that the cumulative incidence of definite con- 
genital heart disease per 1000 children increases from 
3.3 at birth to 4.0 at the end of the first week of neonatal 
life, 5.2 by the end of the first month, and 7.8 at the 
end of the first year.® The incidence of congenital heart 
diseases among fetuses was not available so far, because 
the literature on prenatal diagnosis of fetal cardiac 
anomalies comes from referral centers. After exclusion 
of the eight cases electively terminated, the sponta- 
neous intrauterine death rate was 17.9% (7/39) in the 
entire population and 28% (7/25) of the series detected 
antenatally; four of the seven cases occurred in asso- 
ciation with chromosomal abnormalities. This is in 
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agreement with data from echocardiographic centers 
that reported a fetal death rate of 14% to 25.7% in 
patients with congenital heart diseases.” * A diagnosis 
of congenital heart disease should prompt determi- 
nation of the fetal karyotype; the incidence of chro- 
mosomal anomalies among cases detected in utero has 
been reported to be as high as 20%.”* As expected, this 
is higher than the incidence in neonatal series (5% to 
10%), because many cases die in utero or are selectively 
terminated. However, in our series, the incidence of 
chromosomal abnormalities was much higher (44.7%). 
One possible explanation for this finding is that not all 
fetuses in the series reported from referral centers un- 
derwent cytogenetic evaluation. 

Cardiac anomalies diagnosed by prenatal ultrason- — 
ographic examinations have traditionally been so severe 
that prognosis was uniformly poor. In a series of 222 
cases in which a diagnosis of congenital heart disease 
was made and pregnancy continued, 57 died in utero, 
87 died during the neonatal period, and only 78 sur- 
vived the neonatal period.’ Although our series is too 
small to draw any conclusion, this perspective may 
change with the introduction of the routine four-cham- 
ber view, where also minor defects may be observed. 
Detection of congenital heart disease by prenatal 
screening programs can lead in selected cases (e.g., ar- 
rhythmias) to in utero therapy; cases requiring post- 
natal surgical procedures can have better chances of a 
favorable outcome by antenatal transfer of the mother 
to a center with pediatric cardiac facilities, so that neo- 
natal care can be optimal. 
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‘Transverse cerebellar diameter in twin gestations 


Takashi Shimizu, MD, Solange Gaudette, RDMS, and Carl Nimrod, MB 


Otiawa, Ontario, Canada 


OBJECTIVE: The purpose of this study was to evaluate tre significance of transverse cerebellar diameter 


measurements in twin pregnancies. 


STUDY DESIGN: A prospective, cross-sectional ultrasonographic study was done on 329 normal singleton 
fetuses and 47 normal twin pairs. Fetal biometric measurenents including biparietal diameter, head 
circumference, abdominal circumference, femur length, and transverse cerebellar diameter were compared 


between concordant (n = 13) and discordant (n = 11) twins. 


RESULTS: (1) There was no significant difference in transverse cerebellar diameter measurements 
between normal singleton and twin cestations. (2) There was no significant difference in transverse 
cerebellar diameter measurements in each twin pair. (3) Transverse cerebellar diameter was unaffected by 
the chorionicity or discordancy. (4) Predicted gestational age by transverse cerebellar diameter ncmogram 


for singletons provided satisfactory correlation for twins. 


CONCLUSION: Transverse cerebellar diameter may be a useful predictor of gestational age and may be 
independent of discordant growth in twins. (Am J OBSTET GYNECOL 1992:167:1004-8.) 


Key words: Cerebellum, ultrasonography, twin ee 


Discordancy of growth in twin pregnancies has been 
reported to be associated with increased morbidity aad 
mortality. In particular, twins whose growth deviated 
from normal before 32 weeks are known to have pcor 
outcomes.’ Recently, Reece et a..* have reported that 
transverse cerebellar diameter is unaffected by. intra- 
uterine growth retardation in singletons. This led us to 
speculate that transverse cerebel_ar diameter might be 
unaffected by growth discordancy in twin pregnancy. 
Although a number of twin studies have been done on 
fetal biometric parameters including biparietal diam- 
eter (BPD), head circumference, abdominal circumfer- 
ence, and femur length in twin pregnancy,*’ no reports 
have appeared on transverse cerebellar diameter in the 
twin population. . 

The objectives of the present study were threefold: 
(1} to compare transverse cerebellar diameter mea- 
surements in normal twin and singleton pregnancies, 
(2) to investigate whether transverse cerebellar diam- 
eter measurements are affected by discordancy of 
growth in twin pairs, and (3) to determine whether 
transverse cerebellar diameter could be a good predic- 
tor of gestational age even in discordant-growth twin 
pairs. 
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Patients and methods 


Forty-seven twin pairs were selected to establish the 
twin transverse cerebellar diameter nomogram be- 
tween-15 and 36 weeks’ gestation in a cross-sectional 
manner by the following criteria: (1) Both transverse 
cerebellar diameter measurements were available in 
each twin pair; (2) reliable gestational age was cori- 
firmed by ultrasonography during early pregnancy and 
by Dubowitz scores after birth; (3) no obstetric or med- 
ical complications were present; (4) gestational age at 
delivery was >26 weeks; (5) all infants were structurally 
normal, born alive, and appropriate for gestational age 
on the basis of the growth chart for twins"; (6) growth 
was concordant. 

Twin A was designated as the fetus presenting first; 
the other was twin B. The intrapair difference in birth 
weight (A birth weight) wes expressed as a percentage 
difference of the larger twin’s birth weight. Concor- 
dancy was defined as A birth weight <15%.’* 1° Other 
fetal biometric parameters were measured, including 
BPD, head circumference, abdominal circumference, 
femur length, and the estimated fetal weight, computed 
by the formula of Shepard et al.” In addition, the in- 
trapair differences in BPD, transverse cerebellar di- 
ameter, head circumference, abdominal circumfer- 
ence, femur length, and estimated fetal weight were 
calculated in the same way as was the A birth weight 
and compared between concordant (n = 13) and dis- 
cordant (n = 11) populations who were delivered 
within 4 weeks of the last ultrasonographic examination 
and after 32 weeks and who were not part of the pop- 
ulation for the nomograms. To create the singleton 


cs 


Volume 167 
Number 4, Part | 


Transverse cerebellar diameter in twin gestations 1005 





Fig. 1. Sonogram of cerebellum. Distance between 


cerebellar diameter. 


transverse cerebellar diameter nomogram for compar- 
ison with those of twin pregnancy, 329 normal singleton 
pregnancies between 15 and 38 weeks were also chosen. 

All ultrasonographic measurements were obtained 
with a real-time ultrasonography system (Aloka 650, 
Aloka, Japan) with a 3.5 MHz curvilinear transducer. 
Transverse cerebellar diameter measurements were ob- 
tained from the outer-to-outer margins of fetal cere- 
bellum (Fig. 1). Pathologic examinations were per- 
formed after birth on all twin placentas to investigate 
the type of placentation. Statistical analyses were per- 
formed with regression analyses and the Mann-Whit- 
ney U test. Each value represents the mean + SD. A 
value of p < 0.05 was considered statistically significant. 
The data were analyzed with the Statsworks software 


package. 


Results 


In the normal twin population there was no signifi- 
cant difference in transverse cerebellar diameter mea- 
surements between twin A and B across gestational age 
(regression equations: twin A, y= — 12.649 + 
1.6625x, R? = 0.938; twin B, y = — 12.763 + 1.6716x, 
R? = 0.937). There was also no significant difference 
in transverse cerebellar diameter measurements be- 
tween normal singleton and twin gestations (regression 
equations: y = — 10.784 + 1.6103x, R* = 0.951; y = 
— 19.057 + 1.6424x, R? = 0.942). The normal 94 fe- 
tuses of 47 twin pairs were also plotted in singleton 


transverse cerebellar diameter nomogram (Fig. 2). As 


two electronic calipers demonstrates transverse 


shown in Fig. 3, transverse cerebellar diameter mea- 
surements were unaffected by the chorionicity of the 
placenta. 

Concordant and discordant twin pairs differed sig- 
nificantly only in the mean age of the mothers in the 
two groups (27.9 + 5.8 vs 32.5 + 3.6), and there was 
no statistical difference in the mean gestational age at 
delivery (34.6 + 2.3 weeks vs 35.5 + 2.4 weeks). There 
was also no significant difference in the mean period 
from the last ultrasonographic examination to delivery 
between the concordant twins (2.1 + 1.7 weeks) and 
the discordant twins (2.7 + 1.0 weeks). 

Fig. 4 presents the intrapair difference of fetal bio- 
metric parameters in the concordant and discordant 
twins. Although there were significant intrapair differ- 
ences in birth weight, BPD, head circumference, ab- 
dominal circumference, femur length, and estimated 
fetal weight, no significant intrapair difference was 
found in transverse cerebellar diameter in these two 
groups. 

To investigate the usefulness of singleton nomo- 
grams for the prediction of gestational age, the follow- 
ing formula was used in the concordant twins (n = 13) 
and the discordant twins (n = 11): Gestational 
age = 7.5504 + 0.59029 x (transverse cerebellar di- 
ameter, R” = 0.951. The formula was derived from the 
normal singleton data and calculated by linear regres- 
sion analysis. The transverse cerebellar diameter values 
of twins A were used for this calculation. 

There were significant correlations between the pre- 
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Fig. 2. Normal twin fetuses on nomogram of transverse cerebellar diameter (TCD) for singletons 
(mean + 2 SD). TCD-S, Singleton; TCD-T, twin; GA, gestational age. 


dicted gestational age by this formula and the actual 


gestational age in the concordant twins (coefficient of 


determination 0.763, coefficient of correlation 0.873) 
and in the discordant twins (coefficient of determina- 
tion of 0.870, coefficient of correlation 0.933). Standard 
errors of estimates with 0.949 weeks in the concordant 
twins and 1.093 weeks in the discordant twins. 


Comment 


Fetal biometry is very useful for assessing intrauter- 
ine fetal growth of twin pairs. Although there has been 
much work on BPD, head circumference, abdominal 
circumference, femur length, and estimated fetal 
weight in twin pregnancy, the conclusions drawn from 
those studies vary considerably.*'' Leveno et al.’ re- 
ported that BPD measurements in twin pregnancy were 
consistently smaller than those in singleton pregnancy 
from 16 to 40 weeks and proposed the establishment 
of a twin BPD nomogram to assess fetal growth in twin 
pairs more accurately. In contrast, Crane et al.' re- 


3-14 


ported that BPD measurements in concordant twins 
were similar to those of appropriate-for-gestational-age 
singletons between 15 and 40 weeks. A recent pro- 
spective longitudinal study supports this. There are 
other studies in which decreases in BPD and abdominal 
circumference growth are noted in the third trimester 
in twin pregnancies and are compared with those in 
singleton pregnancies.” * 


Discordant growth in twin gestation is associated with 
increased perinatal morbidity and mortality rates. Ges- 
tational age may also be difficult to assess in discordant 
twin pairs. Thus the advent of a new biometric param- 
eter that is unaffected by discordant growth in twin 
pregnancy may be of benefit. It has also been reported 
that fetal cerebellar growth is unaffected by intrauter- 
ine growth retardation in singleton pregnancy. The 
current study demonstrates that, unlike other biometric 
variables, only transverse cerebellar diameter measure- 
ments are unaffected by discordancy in twin growth 
and by the chorionicity of placenta. Moreover, this 
study did not find significant differences in fetal trans- 
verse cerebellar diameter growth between singleton 
and twin pregnancies. 

The predicted gestational age calculated by the for- 
mula of linear regression analysis for normal singleton 
transverse cerebellar diameter measurements demon- 
strated good correlation with actual gestational age; this 
formula may be used clinically. 

BPD measurements have been known to be unreli- 
able in twin gestations because of dolichocephaly be- 
cause of malpresentation or crowding. Because the cer- 
ebellum is protected anatomically from extrinsic 
compression, transverse cerebellar diameter is not af- 
fected by dolichocephaly.'* Thus transverse cerebellar 
diameter would be a more useful predictor of gesta- 
tional age in twin pregnancy than would BPD. In ad- 
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Fig. 3. Mean transverse cerebellar diameter (TCD) in dichorionic (n = 56, 28 twin pairs) and mon- 
ochorionic (n = 38, 19 twin pairs) twin pregnancies. Formula: y = — 12.481 + 1.6722x, R? = 0.952 
(dichorionic twin fetus [TCD-D/) and y = — 13.040 + 1.6595x, R = 0.920 (monochorionic twin fetus 


[TCD-M]). GA, Gestational age. 


40 


30 


20 


10 


Intrapair difference (%) 


0 


ABW  ABPD AHC 





AAC AFL AEFW ATCD 


Fig. 4. Intrapair difference of fetal biometric parameters in concordant (n = 13) and discordant 
(n = 11) twin pairs. Open circles, Concordant twins; solid circles, discordant twins; asterisk, p < 0.05; 
NS, difference not significant; BW, birth weight; HC, head circumference; AC, abdominal circum- 
ference; FL, femur length; EFW, estimated fetal weight; TCD, transverse cerebellar diameter. 


dition, the current study demonstrates that there is no 
significant difference in transverse cerebellar diameter 
measurements between twin pairs. Interestingly, in 40 
pairs of 47 normal twin pairs (85.1%) transverse cer- 
ebellar diameter values in each of the twin pairs were 
identical. The intrapair difference of transverse cere- 
bellar diameter measurements in the remaining seven 
pairs was 2.4% + 0.4%. In the light of these observa- 
tions, it would be possible to estimate an appropriate 


gestational age with the transverse cerebellar diameter 
nomogram for singletons even in discordant twins if 


the measurement is obtained in only one of the twin 


pairs. However, our sample size is small and further 
validation of this work is necessary, especially in severe 
twin growth discordancy. 


We thank Dr. Yuji Ohkarawa, Department of Anat- 
omy, University of Ottawa, for statistical advice, and 
the sonographers in the Division of Perinatology for 
continued support. 
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Fetuses with Down syndrome have disproportionately 


shortened frontal lobe dimensions on 


ultrasonographic examination 


Ray O. Bahado-Singh, MD, Lynda Wyse, MD, Mary Ann Dorr, RD, MS, 
Joshua A. Copel, MD, Theresa O’Connor, MPH, and John C. Hobbins, MD 


New Haven, Connecticut 


OBJECTIVE: The purpose of our study was to determine whether the frontal lobe is significantly smaller 


than normal in the Down syndrome fetus in midtrimester. 


STUDY DESIGN: Frontothalamic distance, measured from the inner table of the frontal bone to the 
posterior thalamus, and frontothalamic distance/biparietal diameter ratio were compared in 125 normal 
and 19 Down syndrome fetuses between 16 and 21 weeks’ gestation. 

RESULTS: In the Down syndrome group 52% had frontothalamic distance <10th percentile. When the 
frontothalamic distance and the frontothalamic distance /biparietal diameter ratio were expressed as 
multiples of the normal median to eliminate variation caused by gestational age, the mean value of 
multiples of the median in Down syndrome fetuses was compared with the mean value of multiples of the 
median in normal fetuses and was found to be significantly smaller (p < 0.0019 and p < 0.0177, 
respectively). When an observed-to-expected frontothalamic distance ratio of =0.84 is used as a cutoff to 
screen for Down syndrome, sensitivity, specificity, and positive predictive values of 21.2%, 95.2%, and 


1.2%, respectively, are achieved in a population with a 1:270 risk. 


CONCLUSION: Frontal lobe dimension is significantly shortened in Down syndrome fetuses. (AM J OBSTET 


GYNECOL 1992;167:1009-14.) 


Key words: Frontothalamic distance, Down syndrome fetus, frontal lobe 


Down syndrome is the most common chromosomal 
disorder, occurring in 4.5 per 1000 conceptions and 1 
per 1000 live births.' An accurate, noninvasive screen- 
ing test is needed because 80% of trisomy 21 infants 
are born to women <35 years of age,” a group that does 
not qualify for routine genetic amniocentesis. Along 
with serologic markers, several ultrasonographic pa- 
rameters are used to screen for this disorder. 

Individuals with Down syndrome have long been rec- 
ognized to have brachycephaly resulting from a fore- 
shortened occipitofrontal diameter. On the basis of this 
knowledge the cephalic index has been proposed as a 
screening method for Down syndrome,’ but this 
method has had disappointing results. The observed 
shortening of the occipitofrontal diameter in trisomy 
21 is the result of reduced frontal lobe growth.’ The 
purpose of our study was to evaluate ultrasonographic 
measurements of the fetal frontal lobe to determine 
whether differential frontal lobe growth between nor- 
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mal and Down syndrome fetuses could be identified 
and used as a discriminator in the midtrimester. 


Material and methods 


Nomograms for frontal lobe dimensions were de- 
veloped on the basis of 125 singleton gestations from 
15 to 21 menstrual weeks. All patients were initially 
seen for genetic amniocentesis on the basis of advanced 
maternal age, low serum a-fetoprotein concentration, 
or family history of fetal anomaly. All amniocentesis 
results were normal. Patients were excluded from the 
study if there were a disparity of >1.5 weeks between 
precisely recalled last menstrual period and estimate of 
dates based on ultrasonographic biometry, if an anom- 
aly was identified on ultrasonography or at birth, or if 
the cephalic index was abnormal (<75 or >85). 

We measured the fetal frontal lobe in the axial plane 
in three ways: the distance from the inner table of the 
frontal bone to the anterior aspect of the cavum septum 
pellucidum was designated the frontal lobe length; the 
distance from the inner table of the frontal bone to the 
posterior aspect of the cavum septum pellucidum was 
designated the frontal lobe—cavum septum pellucidum 
distance and the distance from the inner table of the 
frontal bone to the posterior thalamus was called the 
frontothalamic distance (Fig. 1). The biparietal diam- 
eter (BPD) was identified from leading edge to leading 
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Fig. 1. A, Diagram of fetal cranium at level of biparietal diameter. FLL, Frontal lobe length; FL- 
CSP, frontal lobe—cavum septum pellucidum; FTD, frontothalamic distance. (Courtesy Richard 
Viscarello, MD). B, Actual ultrasonographic view corresponding to diagram. 


edge of the parietal bones. Intracranial landmarks ev- 
ident at the level of the BPD were the interhemispheric 
fissure, cavum septum pellucidum, and the thalami. 
The occipitofrontal distance was measured from the 
anterior edge of the frontal bone to the posterior edge 
of the occipital bone in the same plane. 

In the Down syndrome group 19 cases were identi- 
fied within the same gestational age range. These pa- 
tients fulfilled the dating criteria already identified and 
had no intracranial anomalies on ultrasonographic ex- 
amination. Three of the cases were identified prospec- 
tively during the year of the study. The other 16 cases 
represented patients diagnosed in the 5 years preced- 
ing the study. All cases had ultrasonographic pictures 
taken at the level of the BPD. Mechanical calipers were 
used to measure the frontal lobe dimensions in the 
study group. In addition to the frontal lobe measure- 


ments, a ratio of frontothalamic distance to BPD fron- 
tothalamic distance /BPD ratio was derived. Normal 
curves for frontal lobe parameters and frontothalamic 
distance/biparietal distance ratio as functions of ges- 
tational age were developed. 

Median values were derived for frontothalamic dis- 
tance and frontothalamic distance /BPD ratio for the 
normal and Down syndrome groups. The measure- 
ments for the study and control patients were expressed 
as a multiple of the normal median to eliminate vari- 
ation resulting from gestational age and to permit in- 
terinstitutional comparison. Potential cutoff values of 
observed-to-expected frontothalamic distance (based 
on gestational age) were established and used to de- 
termine sensitivity, specificity, and positive predictive 
value in our study population (144 fetuses), in the gen- 
eral population with a midtrimester incidence of tri- 
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Fig. 2. Tenth, 50th, and 90th percentile curves of frontothalamic distance (FTD). Black squares, Down 


syndrome cases. 


somy 21 of 1:710, and in pregnant women at age 35 
years, an incidence of 1:270.5 5 

Statistics. The equations to predict the frontal lobe 
length, frontothalamic distance , and frontal lobe—ca- 
vum septum pellucidum from gestational age were de- 
rived with multiple linear regression, including both 
linear and higher-order terms for gestational age. A p 
value of <0.05 was considered statistically signif- 
icant. 


Results 


Using the data from 125 normal fetuses, we dem- 
onstrated that a statistically significant curvilinear re- 
lationship between frontothalamic distance (FTD) and 
gestational age (GA) exists: 


FTD = —47.4219 + GA (6.9521) + 
GA? (—0.1318) 
R? = 0.63 (p < 0.0001) 


The relationship between frontal lobe length (FLL) and 
gestational age was also significant: 


FLL = — 48.5248 + GA (5.8501) + GA? (—0.1298) 
R? = 0.43 (p < 0.0001), 


as was the relationship between frontal lobe—cavum 
septum pellucidum (FL-CSP) and gestational age, for 
which the equation 


FL-CSP = —59.4547 + GA (6.4594) + 
| GA? (— 0.1354) 
R? = 0.58 (p < 0.0001) 


best described the relationship. The frontothalamic dis- 
tance and frontothalamic distance /BPD ratios were 
most useful in distinguishing trisomy 21 from normal 
fetuses. Fig. 2 shows the 10th, 50th, and 90th percentile 
curves for frontothalamic distance versus gestational 
age. Fig. 3 shows the corresponding curves for fron- 
tothalamic distance /BPD ratio. Squares represent fe- 
tuses with Down syndrome. 

Tables I and II represent the percentile values for 
frontothalamic distance and frontothalamic dis- 
tance/BPD ratio, respectively. Among the Down syn- 
drome patients 10 (52%) of 19 had frontothalamic dis- 
tances at <10th percentile and 14 (74%) of 19 at <50th 
percentile. Corresponding figures for frontothalamic 
distance/BPD were 8 (42%) of 19 and 12 (63%) of 19, 
respectively. 

For the Down syndrome group the mean of the mul- 
tiple of the median value for frontothalamic distance 
was 0.93 that of the normal group (p < 0.0177). 

Potential cutoff values of observed-to-expected fron- 
tothalamic distance were used to determine sensitivity, 
specificity, and positive predictive value. When a value 
of =0.84 was used, 4 of 19 Down syndrome fetuses and 
6 of 125 controls had abnormal screening values. A 
sensitivity of 21%, specificity of 95%, and false-positive 
rate of 4.8% were obtained, with a positive predictive 
value of 40% in the study population. With a Down 
syndrome risk of 1:270 (age 35 years), the positive 
predictive value is 1.2%; for the general population 
with a midtrimester risk of 1:710, the positive predic- 
tive value is 0.4%. | 
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Percentile 


15 24.3 

16 23 Fas 
17 23 31.3. 
18 32.6 34.3 
19 35 37 
20 35.7 37.7 
21 38.2 39 


28.65 3] 33 
30.5 32.85 34.4 
33 34.7 35.4 
36 38. | 39.75 
38 39.1 40 
39.3 4] 42.9 
40.05 -42.15 43.3 


. Table II. Percentile values of frontothalamic distance/biparietal diameter ratio at different 


gestational ages 


Gestational age 


Percentile 


15 0.78 0.84 
16 0.79 0.81 
17 0.77 0.73 
18 0.80 0.83 
19 0.80 0.82 
20 0.76 0.78 
21 0.76 0.77. 
Comment 


Goldstein et al” developed nomograms (16 to 40 
weeks) of frontal lobe and froncothalamic distance in 
the fetus. The frontal lobe was measured from the 
midechogenic region of the frontal bone to the anteriar 
edge of the medial wall of the lateral ventricle. The 
frontothalamic distance was measured from the same 
bony landmark to the back of the thalamus. These mea- 
surements were used to successfully identify micro- 
cephaly in three non-Down syndrome fetuses. The 
bony landmark used was from the midechogenic paint 
as opposed to the inner table of the frontal bone used 
in the current study. Normal values in this study were 
smaller than those reported by Soldstein et al. 

Our data suggest that frontal lobe measurements 
may also be helpful in identifying trisomy 21 fetuses in 
midtrimester. Of the three measurements originally 
used, the frontothalamic distance proved the most use- 
ful in this respect. The use of this measurement may 
be superior because it is a much larger dimension (on 
average, twice as long as the frontal lobe—cavum sep- 
tum pellucidum). Errors in measurement will therefore 
be proportionately smaller. Add:tionally, the landmarks 
required for frontothalamic measurement are easily 
identified, reducing the likelihood of measurement er- 
ror. Shortening of the frontothalamic distance may re- 
fect not only shortening of the frontal lobe but also a 
smaller thalamus, thus accentuating the difference be- 
tween trisomy 21 and normal fetuses. We are not aware 


0.89 C93 0.94 
0.87 0.92 0.96 
0.85 0.89 0.93 
0.86 0.91] 0.93 
0.84 0.86 0.9) 
0.84 0.85 0.97 
0.79 0.86 0.88 


of any information on the growth of the thalamus in 
the Down syndrome fetus. The ratio of frontothalamic 
distance/BPD was developed to correspond to the ce- 
phalic index. 

Several biometric measurements have been proposed 
for distinguishing Down syndrome fetuses from nor- 
mal fetuses; however, there are contrasting opinions on 
their usefulness. With a ratio of observed-to-expected 
femur length at a cutoff value of 0.91 as proposed by 
Benacerraf et al.,° varyinz sensitivities (13% to 68%) 
and false-positive rates (2% to 13%) have been ‘re- 
ported.®:*!° With BPD/frontal lobe > 1.5 SD as a screen- 
ing test, the sensitivities reported were 10% to 70%, 
with false-positive rates cf 2% to 7%.* °'* For mea- 
surement of nuchal thickness, sensitivities varied 
from 21% to 75%, with false-positive ranges of 0.1% 
to l 1%,” 13, 14 

Our values for sensitivity and false-positive rates for 
expected-to-observed frontothalamic distance were 


21% and 4.8%, respectively, with a cutoff value of 0.84 


(ifa cutoff value of 0.86 is used, sensitivity is maximized 
with a higher false-positive rate, 27% and 7.7%, re- 
spectively). These values zre within the range reported 
with the use of other ultrasonographic parameters. 
Using pathologic specimens, Schmidt-Sidor et al. 
measured frontal lobe lengths in 17 Down syndrome 
fetuses and compared them with normal fetuses be- 
tween 16 and 22 weeks’ gestation. They also examined 
another group of infants from birth to 60 months (101 
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Fig. 3. Tenth, 50th, and 90th percentile curves of frontothalamic distance/bipartetal diameter ratio 


(FTD/BPD). Black squares, Down syndrome cases. 


with Down syndrome and 80 with normal chromo- 
somes). Although they found shortening of frontal lobe 
dimensions in Down syndrome infants, no such 
changes were noted in abortuses between 16 and 22 
weeks. This suggested that growth disturbances of the 
brain in Down syndrome begin appearing at >23 
weeks. It was not stated whether menstrual or concep- 
tional dating was used in the study. 

The measurements in the Schmidt-Sidor et al.* study 
relate to frontal lobe length and are theretore not di- 
rectly comparable to the frontothalamic distance . The 
anatomic landmarks used in this study were not dis- 
cussed, further limiting comparison. The friability of 
the fetal brain (particularly at this early gestational age) 
and postmortem distortion could impair identification 
of landmarks and adversely affect the accuracy of the 
measurement. It is not clear how long after death these 
brains were examined. 

Crade et al. reported on frontothalamic measure- 
ments obtained prospectively in six chromosomally ab- 
normal fetuses, one of which had trisomy 21. A second 
group evaluated retrospectively consisted of 7 trisomy 
21 gestations matched against 37 chromosomally nor- 
mal fetuses. No statistically significant difference be- 
tween this group was demonstrated. The difference in 
the findings between their study and our own could be 
the result of a number of factors: the small number of 
trisomy 21 patients present in Crade’s study; slightly 
different anatomical landmarks used in the measure- 
ment of frontothalamic distance; and possible differ- 
ences in ultrasonographic technique and equipment. 


One limitation of the current study was its retro- 
spective nature, which introduced the potential for bias. 
Another limiting factor was that mechanical calipers 
were used in the trisomy 21 patients, whereas the nor- 
mal curves were generated with electronic calipers. 
Three Down syndrome fetuses had both types of mea- 
surements, with no significant difference noted. Be- 
cause of the retrospective nature of our study, we had 
to rely on ultrasonographic pictures to obtain required 
measurements. We routinely videotape real-time ultra- 
sonographic evaluation of fetal anatomy in our pa- 
tients. Although it is sufficient to reveal features of 
cranial anatomy, it did not provide adequate views at 
the precise level of the BPD to allow retrospective elec- 
tronic caliper measurement. We performed a blind, 
prospective study in which electronic and mechanical 
caliper measurements were independently obtained on 
the same view of frontothalamic distance in 45 patients. 
There was no significant difference in frontothalamic 
distances obtained by mechanical or electronic calipers 
(p = 0.12). 

In conclusion, we have demonstrated for the first 
time that shortening of the frontal lobe region in the 
Down syndrome fetus can be identified as early as the 
second trimester. This is a finding of potential clinical 
importance in screening for Down syndrome in utero. 
It is likely that combining this parameter with other 
biometric indexes will further enhance the usefulness 
of ultrasonography in identifying this comparatively 
common genetic disorder. We have embarked on a 
study to prospectively evaluate the value of ultrason- 
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ographic indexes relative to serolagic testing as screen- 
ing tests for Down syndrome. 
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The effect of improvement of umbilical artery absent 
end-diastolic velocity on perinatal outcome 


Joseph G. Bell, MD,* Avi Ludomirsky, MD,’ Joseph Bottalico, DO, and 


Stuart Weiner, MD* 
Philadelphia, Pennsylvania, and Stratford, New Jersey 


OBJECTIVES: The purpose of this study was to analyze cases in which antenatal imprcvement of absent 
fetal umbilical artery end-diastolic velocity was detected and to correlate improvement with perinatal 


outcome. 


STUDY DESIGN: Forty cases of umbilical artery absent end-diastolic velocity in singleton pregnancies 
were retrospectively reviewed. Maternal characteristics and perinatal outcomes were compared in cases 
where improvement of end-diastolic velocity was diagnosed and those in which no improvement was 


detected. 


RESULTS: Eleven cases of absent end-diastolic velocity showed antenatal improvement and were 
associated with more advanced gestational age at delivery, longer diagnosis-to-delivery interval, larger 
birth weights, and a lower incidence of neonatal death than those fetuses without antenatal improvement. 
CONCLUSION: Improvement of umbilical artery absent end-diastolic velocity can occur and is associated 
with improved pregnancy outcome when compared with patients without antenatal improvement of diastolic 


velocity. (AM J OBsTeT GYNECOL 1992:167:1015-20,) 


Key words: Absent end-diastolic velocity, Doppler, perinatal outcome 


Doppler waveform analysis of the fetal umbilical ar- 
tery has contributed greatly to the diagnosis, surveil- 
lance, and decision-making of high-risk pregnancies 
over the last decade. Abnormal umbilical artery Dopp- 
ler studies have been associated with increased resis- 
tance in the placental vascular bed in both animal and 
human studies.™ As placental vascular resistance in- 
creases, diastolic flow in the umbilical artery decreases. 
The absence of diastolic ow in the fetal umbilical ar- 
tery has been associated with increased incidences of 
intrauterine growth retardation (IUGR), low birth 
weight, increased stillborn and neonatal death rates, 
abnormalities of antenatal fetal heart rate (FHR) test- 
ing, chromosomal and congenital structural anomalies, 
and other types of perinatal morbidity.*”"? Controversy 
exists in the perinatal literature as to the possibility for 
improvement in absent end-diastolic flow once it is is 
diagnosed and as to the associated implications for peri- 
natal outcome. The aim of this study was to review all 
cases of absent fetal umbilical artery end-diastolic ve- 
locity diagnosed over a 6-year period in singleton 
pregnancies to examine whether improvement does oc- 
cur and to correlate these results with perinatal 
findings. 
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Material and methods 


We retrospectively reviewed all cases of fetal umbil- 
ical artery absent end-diastolic velocity in singleton 
pregnancies diagnosed from August 1985 to August 
1991 in the Antenatal Testing Unit at Pennsylvania 
Hospital. Measurements were recorded in the absence 
of fetal breathing movements by a pulsed duplex Dopp- 
ler technique (Acuson 128, Mountain View, Calif., and 
Toshiba SAL 50, Columbia, Md.) with the patient in 
the left lateral recumbent position. Wall filter settings 
were 125 and 200 Hz, respectively, on each of these 
machines. The majority of these studies were per- 
formed on the Acuson 128 with a filter setting of 125 
Hz. Sweep speed was 100 mm/sec. The Doppler gate 
was placed over the umbilical artery at a free-floating 
loop of cord near the midportion, and readings were 
taken. The Doppler angle was not adjusted during the 
course of each ultrasonographic study. At least five 
waveforms were visualized before measurements were 
recorded. There was no effort made to sample each 
umbilical artery separately to test for divergence be- 
tween the two umbilical arteries. Intraobserver and in- 
terobserver reliability of Doppler waveform analysis at 
Pennsylvania Hospital was reported in a previous pub- 
lication and was not reexamined in this study.'* Absent 
end-diastolic velocity was defined as the absence of any 
detectable velocity in the umbilical artery through any 
portion of diastole. Improvement in absent end-dia- 
stolic velocity was defined as any detectable umbilical 
artery diastolic velocity that persisted until delivery. 

Patients with absent end-diastolic velocity were hos- 
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Table I. Indications for delivery patients with imprcvement of absent end-diastolic velocity (group 1) and 
those without improvement of absent end-diastolic velocity (group 2) in the umbilical artery 






. FHR 
Abnormal FHR testing 45 
Biophysical profile score =4 0 
Maternal 18 
Sullborn 9 
Mature lung indices 18 
Other 9 


NS, Not significant. 


pitalized for bed rest, daily fetal antenatal testing, ard, 
when appropriate, blood pressure control. All patients 
received intravenous hydration cn admission. Dopper 
recordings were repeated every 24 to 48 hours during 
hospitalization until a decision for delivery was made 
or, in several cases of improvement of absent end-di- 
astolic velocity, the patient was discharged. In these 
several cases outpatient Doppler waveform analysis was 
repeated at least once each week along with twice- 
weekly antepartum FHR testing, while the patient was 
instructed to maintain bed rest at home. 

During this period umbilical artery absent end-dia- 
stolic velocity was also diagnosed in 12 cases involving 
a single fetus of a twin pregnancy. For comparative 
purposes we did did not include these fetuses in this 
study nor did we include eight others in which umbilical 
artery reverse diastolic flow was found. 

Multiple maternal, fetal, and neonatal characteriszics 
were compared between two groups of singleton preg- 
nancies: those with improvement of absent end-dia- 
stolic velocity and those without improvement. Ar-ni- 
otic fluid volume was assessed subjectively by the so- 
nographer during approximately the first 2.years of 
the study and described as oligohydramnios, normal 
volume, or hydramnios. Therezfter, amniotic fluid in- 
dices were used to quantitate volume, with an amniotic 
fluid index of <6 cm defined as oligohydramnios. 
IUGR was defined as ultrasonographically estimated 
fetal weight <10th percentile for gestational age. Fetal 
arterial blood gas data were net collected on the ma- 


jority of patients at birth, and we were thus unable to 


comment on this information. 

Fisher’s exact tests were used to test for significant 
differences between the groups for dichotomous and 
nominal variables, because of tne small sample siz2 in 
the group with improvement of absent end-diastolic 
velocity. Student ¢ tests were used to compare mean 
values when the sample distributions appeared ap- 
proximately normal. Otherwise, Wilcoxon rank-sum 
tests were used. The level of statistical significance over- 
all was considered to be p < 0.05. 


Group 1 (n = 11) 


pet DO eH KO O GR 






Group 2 (n = 22) 


68 15 NS 
9 2 NS 
18 4 NS 
0 0 NS 
0 0 NS 
5 l NS 


Results 


Forty cases of umbilical artery absent end-diastolic 
velocity were diagnosed over a 6-year period in single- 
ton pregnancies. In seven cases (17.5%) multiple con- 
genital anomalies were diagnosed by antenatal ultra- 
sonography. All but one of these abnormal pregnancies 
resulted in a perinatal death. Normal chromosome 
studies were found on all but two of these fetuses; the 
other two patients refused karyotype analysis. These 
patients were not included in our comparative analysis 
because of the influence of these findings on perinatal 
decision-making and outcome. In none of these ab- 
normal fetuses did improvement of umbilical artery 
absent end-diastolic velocity occur. In the 11 cases in 
which improvement of absent end-diastolic velocity was 
demonstrated, the average systolic/diastolic ratio was 
5.97 (range 2.97 to 8.8) on the last Doppler recording 
before delivery. Detection of improvement of absent 
end-diastolic velocity was made within 24 hours after 
admission in three patients (27%) and within 1 week in 
a total of six patients (55%). However, detection of im- 
provement was not made until 2 to 4 weeks after initial 
recognition of absent end-diastolic velocity in the other 
five patients (45%). 

Statistical comparisons were made between those sin- 
gleton pregnancies (excluding anomalous fetuses) in 
which improvement of umbilical artery absent end-di- 
astolic velocity was demonstrated (group 1) and those 
without detection of improvement of end-diastolic ve- 
locity (group 2). There was no significant difference in 
indication for delivery between the groups (Table I). 
Nine of the patients in group 2 (41%) were delivered 
within 24 hours of the dizgnosis of absent end-diastolic 
velocity because of nonreassuring FHR testing. Dopp- 
ler studies were not repeated in these nine patients after 
a decision for delivery was made. In these nine patients 
there was no difference in mean birth weight (1109 
gm), incidence of IUGR (67%) or maternal hyperten- 
sive disease (56%), neonatal death rate (22%), or mean 
length of stay in the neonatal nursery (44.3 days) from 
those patients in group 2 in which timing of delivery 
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Table II. Comparison of fetal and maternal characteristics in pregnancies that showed improvement of 
umbilical artery absent end-diastolic velocity (group 1) versus those with no improvement (group 2) 


Group I (n = 11) Group 2 (n = 22) p Value* 


Primiparous (%) 55 (6/11) 

Maternal age 28.1 + 4.4 
(yr, mean + SD) 

Gestational age at diagnosis 25.6 + 4.2 
(wk, mean + SD) 

Maternal hypertension (%) 45 (5/11) 

IUGR (%) 55 (6/11) 

Oligohydramnios (%) 27 (3/11) 

Stillborn (%) 9 (1/11) 


NS, Not significant. 


73 (16/22) NS 
99.1 + 7.1 _ NS 
98.8 + 3.2 <0.05 
77 (17/22) NS 
68 (15/22) NS 
50 (11/22) NS 
0 (0/22) NS 


*Fisher’s exact test p values for percentages or Student ¢ test for comparing means. 


was >24 hours after the diagnosis of an absent end- 
diastolic velocity. The average time from diagnosis to 
delivery was 14.5 days in these other 13 patients in 
group 2 that showed no improvement. 

Ninety percent of infants in group 1 and 100% in 
group 2 were delivered by cesarean section. Overall, 
81% of cesarean sections were performed secondary to 
abnormal FHR testing or fetal distress in labor. The 
others were performed for indications that included 
failed induction, malpresentation, and repeat cesarean 
section. There was no statistical difference in maternal 
age, percentage of primiparas, incidence of maternal 
_ hypertensive disease or IUGR, oligohydramnios, still- 
born rate, low 5-minute Apgar score, or incidence of 
meconium-stained amniotic fluid between group 1 and 
group 2 (Tables II and III). Means birth weights were 
1440 and 1013 gm, respectively, in groups 1 and 2. 
This difference was statistically significant. In 29 cases 
where histopathology examination was performed, a 
similar incidence of placental infarctions was noted be- 
tween the two groups. Seventy percent of placentas 
were noted to have multiple infarctions in group | as 
compared with 68% in group 2. 

A significant incidence of maternal hypertensive dis- 
ease complicated pregnancies in each group (45% and 
77% in groups | and 2, respectively). Of those preg- 
nancies, women in group 2 were more likely to have 
preexisting chronic hypertensive disease than those in 
group 1. Forty percent of those patients in group | with 
hypertensive disease during pregnancy had underlying 
chronic hypertension, whereas 71% of those in group 
2 with hypertensive disease had preexisting disease. 
These differences did not reach statistical significance. 
An equal percentage of women in each group (18%) 
were delivered primarily for an indication of worsening 
hypertensive disease. 

There were statistically significant differences in the 
median number of days until delivery after diagnosis 
of umbilical artery absent end-diastolic velocity and in 
mean gestational age at delivery between group 1 and 


group 2 (Table III). With regard to neonatal outcomes 
(Table IV), 32% of infants in group 2 suffered neonatal 
deaths as opposed to no neonatal deaths in group 1 
(p = 0.07). There were no statistical differences be- 
tween the groups when overall survival rate, incidence 
of neonatal intraventricular hemorrhage, and length 
of stay in the neonatal intensive care unit were analyzed. 


Comment 


Very abnormal umbilical artery waveform findings 
have been correlated with poor pregnancy outcome by 
numerous observers. Fetal growth retardation, oligo- 
hydramnios, congenital anomalies, FHR testing abnor- 
malities, and’ necessity for operative delivery because 
of fetal distress have been shown to be increased in 
fetuses with umbilical artery absent end-diastolic ve- 
locity.* =? Outcomes such as low Apgar score, length 
of neonatal intensive care unit stay, incidence of me- 
conium-stained amniotic fluid, low birth weight, and 
perinatal death rate have all been demonstrated to be 
adversely affected in these infants.**7*!°" Absent end- 
diastolic velocity has been associated with intrauterine 
hypoxia and acidosis, as noted by Nicolaides et al. by 
cordocentesis for fetal blood gas analysis. Tyrell et al.” 
have also associated absent end-diastolic How with an 
increased risk for hypoxia, acidosis, IUGR, and overall 
poor fetal outcome. In addition, a significant associa- 
tion with maternal hypertensive disease has been cor- 
related with absent diastolic fow.** " 

Umbilical artery Doppler waveform analysis appears 
to be a reflection of downstream resistance within the 
placental bed. As normal pregnancy progresses, de- 
creased intraplacental resistance results in increased di- 
astolic blood flow in the umbilical artery.* ° Conversely, 
in studies of pathologic placental conditions in fetuses 
with poor diastolic flow, increased arterial resistance has 
been demonstrated in association with both a decrease 
in the number of placental arteries in the tertiary villi 
and a thickening of the walls of the small placental 
arteries.” These abnormalities result in a reduction in 
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Table III. Antenatal and delivery characteristics of pregnancies with improvement of umbilical artery 
absent end-diastolic velocity (group 1) and pregnanades with no improvement (group 2) 


Gestational age at delivery $2.5 + 3.7 30.0 + 2.3 <0.05 
(wk, mean + SD) 

Time from diagnosis to 25 (9, 121) 3.5 (0, 57) <0.0003 
delivery (days)t 

5 min Apgar score <6 (%) 0 (0/19) 9 (2/22) NS 

Meconium (%) 9 (1/11) 14 (3/22) NS 

Placental infarctions (%) 70 (7/10) 68 (13/19) NS 

Birth weight (gm, mean 1440 (754-2400) 1013 (370-1610) <0.0003 


and range)’ 


NS, Not significant. 

*Fisher’s exact test p values for ‘percentages or Student’s ¢ test for comparing means, except as indicated. 
Median, minimum, and maximum values and Wilcoxon rank-sum test p value. 

Excludes stillbirths. 


the available intravascular space for placental blood vol- 
ume, which is reflected in increased resistance to um- 
bilical blood flow.’ Similar models have been devised in 
the sheep fetus, with embolization of the placenta ve- 
sulting in increased vascular resistance. Our finding 
in this review of a 70% incidence of multiple placental 
infarctions in patients diagnosed with umbilical artery 
absent end-diastolic velocity supports this association 
between abnormal placental vasculature and a reduc- 
tion in umbilical artery diastolic flow. 

Much debate has been generated regarding the pos- 
sibility for improvement of absent umbilical artery di- 
astolic waveforms. Brar and Platt’ have been the only 
investigators thus far to show evidence of improvement 
in these abnormal waveforms; they have correlated this 
improvement with increased birth weight, advanced 
gestational age at delivery, and an increase in the num- 
ber of days gained in utero after diagnosis when ccm- 
pared with those patients who showed no improvement 
in diastolic flow waveforms. In their study 16% of fe- 
tuses showed improvement in diastolic ow. However, 
in a séries of 32 fetuses with absent or reverse flow in 
the umbilical artery, Mandruzzato et al.° did not find 
any case in which antepartum improvement of absent 
diastolic flow occurred. 

Our series of 40 cases of fetal umbilical artery absent 
end-diastolic velocity revealed that in 11 of such cases 
(27%) we were able to demonstrate antenatal improve- 
ment of this very abnormal finding. Improvement in 
diastolic flow was correlated. statistically with'a more 
advanced gestational age at delivery, a significantly in- 
creased number of days from diagnosis of absent end- 
diastolic velocity to delivery, and larger birth weights 
for these infants when compared with those witkout 
improvement of flow. Althougk not reaching statiszical 
significance, a clinically important difference was noted 
in neonatal death rates between the groups. One third 
of those infants without antenatal improvement of ab- 


sent end-diastolic velocity died in the neonatal nursery, 
whereas ‘there were no neonatal deaths in the group 
associated with improvement of absent end-diastolic ve- 
locity. 

A significant incidence of major structural anomalies 
was noted in this study of fetuses with absent end-di- 
astolic velocity in the umbilical artery. This incidence 
was 17.5% of the 40 pregnancies studied. None of these 
fetuses had improvement of abnormal diastolic wave- 
forms on serial studies. Two of these patients refused 
karyotype studies whereas none of the other anomalous 
fetuses had a chromosomal abnormality. Several inves- 
tigators have associated abnormal umbilical artery 
waveform findings with fetal karyotype and structural 
abnormalities.> *''? Schulman and others* * have sug- 
gested genetic studies in cases in which absent end di- 
astolic velocity exists along with normal amniotic fluid 
volume. It appears that a careful ultrasonographic 
search for fetal anomalies and a consideration of karyo- 
typing should be made in all cases, especially those that 
show no improvement of diastolic flow waveforms after 
hospitalization. 

It is unclear as to why we were able to demonstrate 
improvement of absent end-diastolic velocity wave- 
forms in some fetuses but not in others. All patients 
with a diagnosis of umbilical artery absent end-diastolic 
velocity were managed in a similar manner, including 
hospitalization and close fetal surveillance. Nine of 
those fetuses in which umbilical artery absent end-di- 
astolic velocity was diagnosed were delivered <24 hours 
after this diagnosis in association with abnormal FHR 
testing. Because these fetuses were delivered so soon 
after diagnosis, there was no time to assess whether 
umbilical artery end-diastolic velocity would improve 
after hospitalization. However, in spite of evidence of 
fetal compromise by heart rate testing, these nine in- 
fants did not have outcomes worse than those other 13 
patients in the group that showed no evidence of im- 
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Table IV. Neonatal outcome in pregnancies with improvement of umbilical artery absent end-diastolic 
velocity (group 1) versus those with no improvement (group 2) 


je 

Neonatal death *%) 0 (0/11) 32 (7/22) 0.07 

Intraventricular hemorrhage (%) 0 (0/11) 9 (2/22) NS 

Length of stay in neonatal intensive care 35.5 (5, 89) 45 (18, 135) NS 
unit (days)t 

Survivors (%) 91 (10/11) 68 (15/22) NS 


NS, Not significant. 
*Fisher’s exact test p values or Wilcoxon rank-sum test. 
+Median, minimum, and maximum. 


provement of absent end-diastolic velocity but who re- 
mained hospitalized an average of 14.5 days after di- 
agnosis until delivery was accomplished. 
Improvement of absent end-diastolic velocity was 
noted within 24 hours after admission in 27% of pa- 
tients and within 1 week in more than half of the cases 
when improvement occurred. It may be speculated that 
initial management, including bed rest and hydration, 
may be responsible for the relatively rapid improve- 
ment of diastolic flow in these fetuses in association with 
improved maternal blood volume and subsequent im- 
proved flow to the fetus. But why was detection of 
improvement not noted until several weeks after di- 
agnosis in the other fetuses? Because the placental cir- 
culation evolves with advancing gestation, perhaps the 
later detection of improvement was associated with a 
longer time frame for development of this circulation. 
The diagnosis of increased placental resistance by ab- 
sent umbilical artery end-diastolic velocity in those pa- 
tients may be a reflection of this evolving vascular bed. 
Trudinger and Cook” have reported an association 
between severe proteinuric pregnancy-induced hyper- 
tension and abnormal fetal umbilical artery Doppler 
studies. They speculated that the development of pla- 
cental vascular abnormalities is the underlying patho- 
logic condition associated with both adverse fetal out- 
come and the secondary development of hypertension 
in the mother. In our analysis 77% of women in the 
group in which no improvement of umbilical artery 
absent end-diastolic velocity was detected were diag- 
nosed with hypertensive disease. Of these patients, 71% 
had been diagnosed with underlying chronic hyper- 
tension before -pregnancy, whereas 29% developed 
pregnancy-induced hypertension without evidence of 
preexisting disease. Alternatively, in the group of 
women in which improvement of Doppler studies was 
detected, 45% had pregnancies complicated by hyper- 
tension, with only 40% of these preceded by chronic 
hypertension. The differences between the groups did 
not reach statistical significance, most likely because of 
the small number of patients in each group. These 
cause-and-effect relationships between placental dis- 


ease, abnormal results of umbilical artery Doppler stud- 
ies, and maternal hypertension require further study. 

Prospective, multicenter study of this unusual phe- 
nomenon of absent umbilical artery end-diastolic ve- 
locity needs to be performed to further evaluate pos- 
sible therapies leading to improvement in diastolic flow. 
Arduini et al.2° and Nicolaides et al.,?! among others, 
have noted some improvement in abnormal fetal Dopp- 
ler waveforms in growth-retarded fetuses by adminis- 
tering maternal oxygen therapy. However, overall use- 
fulness of bed rest, oxygen supplementation, and per- 
haps other therapies such as low-dose aspirin in a 
disease involving the placental circulation to a great 
extent remains to be studied. We conclude that, al- 
though a very abnormal finding associated with signif- 
icant perinatal morbidity and mortality, umbilical artery 
absent end-diastolic velocity alone is not an indication 
for delivery without other fetal or maternal indications. 
Improvement of absent end-diastolic velocity may oc- 
cur, leading to improved pregnancy outcome. 
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Multiple-marker screening in pregnancies with hydropic and 


nonhydropic Turner syndrome 


Devereux N. Saller, Jr., MD,* Jacob A. Canick, PhD, Stuart Schwartz, PhD, and 
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Providence, Rhode Island, and Baltimore, Maryland 


OBJECTIVE: The combination of maternal serum a-fetoprotein, unconjugated estriol, and human chorionic 
gonadotropin levels and maternal age has been used to increase the sensitivity of screening for fetal 
Down syndrome and trisomy 18 in early-second-trimester pregnancies. We hypothesized that a unique 
pattern of these analytes also may be characteristic of fetal Turner syndrome, with or without hydrops. 
STUDY DESIGN: We studied preamniocentesis, second-trimester maternal serum specimens from seven 
hydropic and eight nonnydropic cases of fetal Turner syndrome. Clinical and pathologic records were 
reviewed. Statistical analysis of the data was performed by the rank sum test. 

RESULTS: In both hydropic and nonhydropic cases, a-fetoprotein levels were slightly reduced, and 
unconjugated estriol levels were markedly reduced. In hydropic pregnancies human chorionic gonadotropin 
levels were elevated, and nonhydropic pregnancies had low human chorionic gonadotropin levels 


(p = 0.001). 


CONCLUSIONS: The results suggest that the morphologic defect of hydrops, rather than the aneuploidy 
itself, is responsible for the elevation in human chorionic gonadotropin. In conjunction with the low 
unconjugated estriol levels, the elevation in human chorionic gonadotropin levels will result in the prenatal 
identification of hydropic fetal Turner syndrome pregnancies as being at increased risk for fetal Down 


syndrome. (Am J OpsteT GYNECOL 1992;167:1021-4.) 


Key words: Multiple-marker screening, Turner syndrome, Down syndrome, hydrops, 


a-fetoprotein 


Fetal Down syndrome is associated with altered con- 
centrations of certain analytes in maternal serum dur- 
ing the second trimester: decreased a-fetoprotein 
[AFP] levels," ? decreased unconjugated estriol lev- 
els,» * and elevated human chorionic gonadotropin 
(hCG) levels.” This characteristic pattern has led to the 
development and application of a multivariate model 
for screening purposes.* Thus far no other fetal chro- 
mosome anomaly has been associated with the same 
pattern of maternal serum analyte concentrations. A 
different but equally characteristic pattern for these 
three maternal serum analytes has been described more 
recently for fetal trisomy 18, in which all three markers 
are decreased.® At present, this pattern appears to be 
specific for trisomy 18. 

We now report the analysis of AFP, unconjugated 
estriol, and hCG levels in a third fetal chromosome 


From the Departments of Obstetrics and Gynecology and Pathology, 
Women and Infants Hospital, Brown University’; and the Division 
of Human Genetics, Departments of Pediatrics and Obstetrics and 
Gynecology, University of Maryland School of Medicine.’ 

Presented at the Twelfth Annual Meeting of the Society of Perinatal 
Obstetricians, Orlando, Florida, February 3-8, 1992. 

Reprint requests: Devereux N. Saller, Jr., MD, Division of Maternal- 
Fetal Medicine, Department of Obstetrics and Gynecology, Strong 
Memorial Hospital, 601 Elmwood Ave., Box 668, Rochester, NY 
14642. 

6/6/39670 


disorder, Turner syndrome, in the presence or absence 
of hydrops fetalis. A preliminary report’ suggested that 
fetal hydrops may be associated with a Down syndrome 
pattern of the analytes. In that communication two of 
the three cases had 45,X karyotypes, leading us to ques- 
tion whether the chromosomal disorder itself, rather 
than the hydrops, was responsible for the altered an- 
alyte levels in maternal serum. 

‘Turner syndrome occurs in approximately 1 of 5000 
live births® but is much more prevalent earlier in ges- 
tation, with fetal death occurring in the majority of 45,X 
conceptuses.® Cystic hygroma, peripheral edema, and 
nonimmune fetal hydrops are strongly associated with 
Turner syndrome. The propensity for fetal death, es- 
pecially in the presence of fetal hydrops, makes the 
prenatal diagnosis of this aneuploidy valuable. 


Material and methods 


The cytogenetics laboratories at Women and Infants 
Hospital and University of Maryland School of Medi- 
cine identified 15 cases of 45,X for which a second- 
trimester maternal serum sample had been obtained 
before amniocentesis. Clinical and pathologic records 
were reviewed to determine the presence of nonim- 
mune hydrops fetalis. 

The maternal serum specimens were obtained be- 
tween May 1985 and June 1991; gestational ages 
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Table I. Cases of Turner syndrome with nonimmune hydrops 













Maternal age 
Indication for karyotype 





Intrauterine fetal death at 26 
24 wk 

Multiple marker screening 29 16.2 

Multiple marker screening 27 17.2 

Hygroma by ultrasonographic 24 15.5 
examination 

Hygroma by ultrasonographic 22 13.5 
examination 

Low AFP level 32 13.6 

Hygroma by ultrasonographic 29 16.3 
examination 

Median 26 17 


Gestational 
age (wh) 







Unconjugated 
estriol level 
(MoM) 






hCG level 


Down syndrome 
(MoM) 


0.77 0.56 3.84 1:30 
1.14 0.74 5.77 1:25 
1.13 0.57 4.22 1:35 
0.75 0.14 2.28 1:80 
1.28 0.48 4.16 1:45 
0.50 0.35 2.92 1:19 
0.81 0.41 1.80 1:200 
0.81 0.48 3.84 1:35 


Gestational age determined by last menstrual period. MeM, Multiples of the median. 


Table II. Cases of Turner syndrome without nonimmune hydrops 











Maternal age 
Indication for karyotype 





Low AFP level 34 17.17 

Low AFP level 18 17.1* 

Neonatal diagnosis 28 17.0* 

Low AFP level 28 16.1* 

Neonatal diagnosis 24 16.5+ 

Advanced maternal age 35 17.7” 

Hygroma by ultrasonographic 19 20.07 
examination l 

Hygroma by ultrasonographic 29 15% 
examination 

Median 28 17.0 


MoM, Multiples of the median. 
*Gestational age determined by last menstrual period. 


{Gestational age determined by ultrasonographic examination. 


„ranged from 15 through 20 weeks. Gestational ages 
were based on menstrual dating (12 cases) or on ultra- 
-sonographic measurements (three cases). Of the 15 
identified cases with nonmosaic 45,X karyotypes, 7 
cases demonstrated hydrops fetalis (Table 1), and & had 
no demonstrable hydropic changes (Table II). 

Nine of the 15 cases had maternal serum screening 
before referral, and the other six had serum samples 
drawn before amniocentesis for nonscreening-related 
indications (cystic hygroma om ultrasonography cr ad- 
vanced maternal age). Of the nine screened cases six 
were screen-positive (either by low AFP level or mul- 
tiple-marker pattern), leading to the prenatal detection 
of Turner syndrome; the other three cases had unre- 
markable analyte patterns and were not identified as 
45,X until fetal death or delivery. 

Twelve of the 15 cases hac ultrasonographic deter- 
mination of the presence or absence of fetal hydrops 
in the early second trimester (15 to 20 weeks). The 
ultrasonographic findings were assumed to represent 
the status at the time of maternal serum sampling. Of 
the three cases without second-trimester ultrasonog- 


Gestakonal 
age (wk) 











Unconjugated 
estriol level 
(MoM) 






AFP level 
(MoM) 


Down syndrome 
risk 


0.85 0.45 0.71 1:830 
0.40 0.18 0.64 1:640 
0.33 0.12 0.75 1:350 
0.39 0.54 0.76 1:310 
1.13 0.60 0.52 1 : 12000 
1.59 1.45 0.30 1:41000 
1.40 0.74 0.29 1: 77000 
0.71 0.29 0.23 1:12000 
0.71 0.45 0.52 1:830 


raphy, one was a spontaneous pregnancy loss (hy- 
dropic) at 24 weeks. The remaining two cases were 
neonatally diagnosed (nonhydropic) and had unre- 
markable third-trimester ultrasonographic examina- 
tions. All second-trimester ultrasonography demon- 
strated a viable fetus. 

The AFP levels in maternal serum were determined 
at Women and Infants Hospital with radioimmunoassay 
(AFP-Ob 90 min., Sanofi Pasteur Diagnostics, Chaska, 
Minn.) and at the University with an enzyme immu- 
noassay (IMX AFP, Abbott Diagnostics, Abbott Park, 
HI). The levels of unconjugated estriol at both centers 
were determined with a specific unconjugated estriol 
radioimmunoassay (Amerlex-M, Kodak Clinical Diag- 
nostics, Rochester, N.Y.) after modification to increase 
assay sensitivity as described previously.” The hCG 
levels were determined at Women and Infants by chem- 
iluminescent immunometric assay (Amerlite hCG-60, 
Kodak Clinical Diagnestics) and at the University by 
enzyme immunoassay (IMX hCG, Abbott Diagnostics) 
after appropriate dilution of the serum samples. 
= Risk analysis for Down syndrome in the individual 
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AFP 


uE3 


hCG 


Fig. 1. Distribution of the multiples of the median (MoM) of AFP unconjugated estriol (u£3), and 
hCG in cases of hydropic and nonhydropic Turner syndrome. Solid symbols, Cases of Turner syn- 
drome with hydrops; Open symbols, cases of Turner syndrome without hydrops. 


pregnancies was calculated with the multivariate 
method of risk calculation of Wald et al.* A positive 
screening result was defined as a second-trimester risk 
of fetal Down syndrome of =1 in 270. Statistical analysis 
of the data was performed with the rank sum test. 


~ Results 


In the 15 cases identified, the median AFP value was 
0.81 multiples of the median, and the median uncon- 
jugated estriol value was 0.48 multiples of the median. 
In hydropic pregnancies the median AFP was 0.81 mul- 
tiples of the median and the median unconjugated es- 
triol was 0.48 multiples of the median (Table I). In 
nonhydropic pregnancies the median AFP was 0.71 
multiples of the median and the median unconjugated 
estriol was 0.45 multiples of the median (Table 11). The 
maternal serum hCG levels, however, exhibited a non- 
overlapping bimodal distribution (Fig. 1). The seven 
hydropic pregnancies had a median value of 3.84 mul- 
tiples of the median (Table I), and the eight nonhy- 
dropic pregnancies had a median value of 0.52 mul- 
tiples of the median (Table IJ), a statistically significant 
difference (rank sum test, p = 0.001). 

When Down syndrome risks were calculated, all 
seven hydropic cases demonstrated increased Down 
syndrome risks (> 1 in 270), and none of the eight non- 
hydropic cases were so identified (rank sum test, 
p = 0.001). The median Down syndrome risk for the 


hydropic pregnancies was | in 35, and the median risk 
for nonhydropic pregnancies was | in 6400. 


Comment 


In the 15 cases of fetal Turner syndrome studied, 
AFP levels were somewhat reduced and unconjugated 
estriol levels were substantially reduced in both hy- 
dropic and nonhydropic cases. In contrast, hCG levels 
showed a nonoverlapping bimodal distribution; the 
seven hydropic cases had markedly elevated hCG levels, 
and the eight nonhydropic cases all had low hCG levels. 
These analyte patterns were not altered by inclusion or 
exclusion of cases in which maternal serum screening 
had been done before referral. The findings ‘suggest 
that the morphologic defect of hydrops fetalis, rather 
than the Turner syndrome itself, may be responsible 
for the marked elevation in the hCG level. The patho- 
physiologic factors underlying the increased hCG levels 
in cases of fetal hydrops is unclear. Elevated maternal 
serum hCG levels in third-trimester hydropic pregnan- 
cies has been reported previously.’ 

The marked elevation of hCG and reduction of un- 
conjugated estriol resulted in an increased risk of fetal 
Down syndrome (>1 in 270) in the seven hydropic 
Turner syndrome pregnancies. In contrast, because the 
eight nonhydropic Turner syndrome pregnancies were 
associated with decreased unconjugated estriol and 
hCG, the risk for fetal Down syndrome in these cases 
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was, on average, low. Because very low levels of un- 
conjugated estriol and hCG are associated with trisomy 
18,° some nonhydropic Turner syndrome pregnancies 
may be detected as being at increased risk for trisomy 
18. One of the eight nonhydropic Turner syndrome 
cases in this study would have been identified with a 
trisomy 18 screening protocol previously reported.” 

The sensitivity of screening for hydropic Turner syn- 
drome with the Down syndrome screening protocol 
cannot be determined at present. More cases are nec- 
essary to establish a statistical model of the analyte dis- 
tributions. It appears that AFP levels are only modestly 
reduced, but it is evident that inclusion of unconjugated 
estriol and hCG levels in the screening protocol will 
enhance the detection of hydropic Turner syndrome 
pregnancies. We do not yet know whether such mater- 
nal serum analyte patterns may be associated wita or 
even predictive of hydropic pregnancies of other 
causes. 
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The influence of the post-Chernobyl fallout on birth defects 


and abortion rates in Austria 
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OBJECTIVES: We analyzed the influence of the radioactive fallout after the Chernobyl disaster on the rate 
and regional distribution of birth defects and abortion rates in southern Austria. 

STUDY DESIGN: During 1985 to 1989 a total of 56,743 births was monitored. Twelve sources provided 
data on 1695 cases of birth defects, 1579 of which were suitable for analysis. All cases were analyzed in 
terms of their calculated conception date and divided into three main groups according to their vulnerable 
phase of embryogenesis, spermatogenesis, and oogenesis. To study possible regional changes, the 
findings were plotted in 17 political subdistricts. The overall abortion rate and the counseling frequency at 


termination clinics was determined. 


RESULTS: No significant changes in the incidence of birth defects, abortion rate, or counseling rate at 


pregnancy termination clinics were observed. 


CONCLUSIONS: Assessing the teratologic potential of low-dose radiation is difficult and requires adequate | 
grouping of birth defects, sufficient baseline data, and highly reliable registries. (Am J OBSTET GYNECOL 


1992;167:1025-31.) 


Key words: Abnormalities, congenital; abortion; epidemiology; radioactive fallout; registries 


Congenital malformations occur in 2% to 3% of neo- 
nates and account for an increasing proportion of peri- 
natal morbidity and mortality. Rapid progress in pre- 
natal diagnostics and prenatal therapy, as well as in- 
creased public interest in environmental issues, has led 
to increased study of the causes and possible prevention 
of birth defects. The meltdown of the nuclear reactor 
at Chernobyl in the Ukraine on May 26, 1985, and the 
subsequent radioactive fallout highlighted the problem 
and generated a number of epidemiologic studies in 
Western Europe.’* None of these studies found epi- 
demiologic effects attributable to the disaster, but most 
of them had methodologic flaws that decreased their 
ascertainment and epidemiologic reliability. The 
Styrian Malformation: Register used multiple sources 
and dealt with the difficulties in assessing low-dose ter- 
atogens by considering the vulnerable phases in organ- 
ogenesis. Thus risk groups were defined and studied 
for short-term and long-term effects and regional 
clusters. 
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Material and methods 


Between Jan. 1, 1985, and Dec. 31, 1989 (date of 
birth or abortion), the Styrian Malformation Register 
collected data on 1695 cases of birth defects among 
66,743 births. The register was set up as a population- 
based regional multisource system covering an area of 
16,387 km? with 1,186,525 inhabitants. All institutions 
in Styria where birth defects are diagnosed or treated 
were used as data sources. These institutions consist of 
23 public obstetric hospitals, three private hospitals, 23 
midwives working on a private basis, three neonatal 
units, two regional pathology departments, and the De- 
partments of Pediatrics, Pediatric Surgery, Dental Sur- 
gery, Neurosurgery, Human Genetics, Pathology, and 
Obstetrics and Gynecology of the University of Graz. 
This network provides maximum information on in- 
dividual cases by combining data from various sources. 
A total of 48% of cases was reported by more than one 
source. 
` Non-Styrian births in the observation area were ex- 
cluded in an attempt to include only cases in which the 
pregnancy was conceived and carried out in Styria. | 

Data were transmitted voluntarily on an annual basis 
(15 institutions required registry staff to retrieve data). 
Data included the date and location of delivery, ges- 
tational age, weight, sex, type of malformation, mater- 
nal name and address, and source-dependent details 
such as final diagnosis and therapy. 

Monitoring covered chromosomal anomalies, ana- 
tomic malformations, and deformations. Minor defects 
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Fig. 1. High-risk time for conceptions at increased risk of birth defects (three groups), defined as 
overlap of time of maximal external radiation and group-specific vulnerable phase. Asterisk, April 


26, 1986, day of Chernobyl disaster. 


Table I. Birth defects grouped according to 
vulnerable phase in embryology* 


Birth defects group 1 (n = 157) 
Vulnerable phase, days 14-30 after conception 

Anencephaly (740.02) 
Cyclopia (759.80) 
Encephalocele (742.09) 
Esophageal atresia or stenosis (750.3) 
Holoprosencephaly (742.26) 
Meningomyelocele (741) 


Birth defects group 2 (n = 630) 
Vulnerable phase days 14-49 after conception 
Aplasia of radius (755.26) 
Congenital heart disease (745) 
Diaphragmatic hernia (756.5) 
Duodenal atresia (751.10) 
Facial clefting (749) 
Rectal atresia (751.22) 
Syndactyly (755.19) 


Birth defects group 3 (n = 133) 

Vulnerable phase 90 days before conception (including 
spermatogenesis, storage time, and preimplantation 
period) 

De novo chromosomal anomalies (758) 


*Classified according to International Classification of Diseases, 
9th ed. 


(such as hemangiomas <2 cm in diameter, hydrocele, 
or dislocation of the hips), malformations (such és un- 
descended testes), and varifcrmations (such as single 
palmar creases) were not noted.’ 

Each defect was analyzed and coded by medical staff 
according to the ninth revision of the International 
Classification of Diseases.. The Styrian Malformation 
Register has no formal lower gestational time limit for 
birth defect registration; all live births, stillbirths, elec- 
tive and spontaneous abortions are meant to e in- 
cluded. An upper limit of 1] year after birth or abortion 
was used for reasons of practicability. 


Table II. Relative risk ard 95% confidence 
interval for three groups of birth defects for 
being affected by post-Cnernobyl fallout 









95% 
Confidence 







Relative 
High-risk interval 


risk interval 

l April 1986 0.73 0.18-2,98 
2 March-April 1986 0.75 0.44-1.30 
+S May-August 1986 0.93 0.44-2.00 


Timing and embryologic considerations apply to Tables II 
and III. Control group consists of pregnancies with concep- 
tions from Aug. I, 1984, to Jan. 31, 1986. 


All cases were analyzed in terms of their calculated 
month of conception, which led to an evaluation of the 
period from Aug. 1, 1984, to Jan. 31, 1989. The date 
of conception was calculated from the reported weeks 
of gestation at delivery or, ideally, from ultrasono- 
graphic measurements in early pregnancy. This was 
possible in about 85% of cases. In the remaining 
15% the date of conception was calculated from the 
last menstrual period or from birth weight. Back- 
ground data were provided by the Austrian Statistical 
Office. 

About 70% of spontaneous abortions contain ana- 
tomic or genetic abormalities.” ë Because the products 
of first-trimester and early second-trimester sponta- 
neous abortions are not routinely studied in detail, we 
analyzed only the overall rate of abortions per births 
1% years before and 1% years after the fallout period 
(defined as =28 weeks of gestation or fetuses with 
crown-heel length =34 cm). 

The number of pregnancy terminations for nonmed- 
ical reasons was not available because institutions re- 
fused to provide the pertinent data. We therefore in- 
vestigated the counseling rate at termination clinics. 
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Fig. 2. Regional distribution of group 3 birth defects in Styria, Austria, unaffected by radioactive 
fallout. Number of cases per 1009 births, calculated by month of conception (Aug. 1, 1984, to Jan. 


31, 1986; 20,159 births in observation period). 


The Chernobyl disaster. On April 26, 1986, at 
1:24 AM local time there was an explosion in block 4 of 
the nuclear power plant in Chernobyl, 120 km north 
of Kiev. This was caused by some operating mistakes 
during an experiment on one of the two turbogener- 
ators. Temperatures of >2000° C led to three heavy 
explosions that blew the top off the RBMK-1000 re- 
actor and led to emission of >50 MCi of radioactive 
material, including plutonium and strontium. These 
materials reached altitudes of 1500 m and were trans- 
ported across Europe subject to the meteorologic sit- 
uation. 

The first wave of radioactive material reached Aus- 
tria on April 29, 1986, followed by consecutive waves 
during the next 9 days. Dependent on the washout 
effect of local rain, y-activity up to 90 wR/hr was mea- 
sured in Styria. The following isotopes accounted for 
90% of the total inhalation desage measured on April 
29, 1986 (first maximum), at the Austrian Research 
Center at Seibersdorf”: aerosol iodine 131, 53.650 
Bq/m’, tellurium 132, 40.330 Bq/m*; ruthenium 106, 
2.283 Bq/mř; and cesium 137, 7.185 Bq/m’. 

Two evaluation periods were considered. One was 
the 2-week period of maximal external radiation 
wherein early pregnancies could have ended in abor- 


tion or birth defects because of damage during sper- 
matogenesis, oogenesis, or embryogenesis (1.e., the vul- 
nerable phase).'*'? On the basis of these considerations 
three main groups of birth defects were defined ac- 
cording to their vulnerable phase (Table I). The em- 
bryologic development of the organs embodied in 
group | is accomplished by about day 30 after concep- 
tion whereas the period in group 2 lasts until day 49. 
Group 3 deals with de novo chromosomal anomalies 
that can be induced in the 3-month period before con- 
ception and implantation. Fig. 1 is a time scheme show- 
ing the 2-week period of maximal external radiation 
after the Chernobyl accident. The three birth defect 
groups are related to the accident and show different 
periods during which conceptions were at risk for dam- 
age by radioactivity. Group 1 had a defined vulnerable 
phase of 30 days after conception, and 1 month (April 
1986) was therefore considered a risk period for con- 
ceptions that at least overlapped the high-radiation pe- 
riod. For group 2 both March and April 1986 had to 
be surveilled because of the 7’ weeks of organogenesis. 
Group 3 comprised 3 months after the accident 
whereby radiated sperms or oocytes could have led to 
conceptions with aneuploid outcomes. We also defined 
a study period before the time of potential hazard to 
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Fig. 3. Regional distribution of group 3 birth defects in Styria, Austria, over a period of 3 years 
after Chernobyl! fallout (Feb. 1, 1986, to fan. 31, 1989; 39,946 births in observation period). 


provide baseline data unaffected by the post-Chernaby| 
radiation. 

The second evaluation period was chosen to evaluate 
the possible long-term effects oz the intake and possible 
accumulation of radioactive material through food. 
The 5-year study period was divided into a pre- 
Chernobyl and a post-Chernobyl period. The cases in- 
cluded in the three birth defect groups were then re- 
lated to these two periods. The two data sets of zach 
birth defect group were plotzed for the 17 political 
districts of Styria to take into account the differert re- 
gional dosages of radioactivity caused by the different 
amounts of rainfall during the high-risk time after 
Chernobyl. 


Results 


Table II shows the relative risk and 95% conficence 
intervals for the three birth defect groups and their 
conceptual periods that could have led to structural or 
chromosomal abnormalities. No short-term effect of 
the radioactive fallout was seen. 

The incidence of birth defects in the three ontogenic 
groups is shown in Table III. The time intervals take 
into account the unaffected pre-Chernoby] baseline pe- 
riod and the three post-Chernobyl years (long-term ef- 
fect). Because of the different vulnerable phzse in 
eroun 3. a different timetable had to be used tkan in 


groups | and 2. A marked increase was observed only 
in group 2, which was further investigated. We found 
this rise to be an artifact as a result of an increase in 
minor congenital heart defects reported with higher 
ascertainment by a new established data base in the 
Department of Pediatric Cardiology. 

Fig. 2 shows the regional distribution of the pre- 
Chernobyl rates of birth defects in malformation group 
3, plotted according to the 17 Styrian subdistricts, serv- 
ing as baseline data. 

Fig. 3 shows the post-Chernobyl rates of birth defects 
in group 3. There were no significant changes in the 
regional distribution of the three birth defect groups. 

Fig. 4 shows the rate of abortions and the counseling 
frequency at termination clinics in Styria from Jan. 1, 
1985, to Dec. 31, 1987. The monthly rate of sponta- 
neous abortions ranged from 10% to 14% without 
showing a Chernobyl-linked effect. The counseling fre- 
quency at termination clinics per month varied widely 
(117 to 205) but did not change significantly. 


Comment 


The Styrian Malformation Register was set up in a 
relatively small area, which permitted a registration 
strategy covering the whole population and led to a 
maximum degree of ascertainment. 

All birth defect registers relv on subiect reports and 
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Fig. 4. Monthly abortion rate (dashed line) per 100 births in Styria, calculated by dates of abortion 
(or delivery for background data) and monthly counseling frequency (soltd line) at pregnancy ter- 
mination clinics from Jan. 1, 1985, to Dec. 31, 1987. A total of 48,017 pregnancies was covered 
(40,242 births and 7775 abortions). April 26, 1986, is marked as Chernobyl. 


Table ITI. Birth defects per 1000 births (live births and still births) calculated by month of conception 


Group No. Baseline 
8/1984-1/1986 2/1986—1/1987 
l 2.5 2.3 
2 8.5 8.0 
8/1984—3/ 1986 5/1986—4/1987 
3 1.8 L 7 
* Artifact. 


+tEleven months only. 


therefore have to fight inaccuracy. The reported cases 
had to be examined for probability of referred data. 
In about half of the cases in this series the network of 
data sources was allowed to combine and cross-examine 
information from different sources. We noted a 
marked increase of the incidence of group 2 birth de- 
fects (Table III); therefore we had to search for and 
exclude artificial effects generating a false alarm. We 
soon noticed that the change In group 2 was caused by 
the heart defects. We divided this group according to 
three degrees of severity: (1) hemodynamic effect over 
2 weeks, (2) surgery or medical treatment required, and 
(3) death within the first year after birth. The number 
of cases referred by the Department of Pediatric Car- 
diology was the same in groups 2 and 3 but was nearly 
0 in group 1 during the first 3 years of observation 
time. The sudden rise of reports in this group coincided 
with a computerized data storage system established in 
the reporting department. The effect of this artifact 
was so marked because heart defects are the largest 
subgroup of birth defects in our register. 


Post-Chernoby! fallout 


2/1987—-1/1988 2/1988~—1/1988 


1.9 2.2 
10.6% 10.3* 
5/1987-4/1988 5/1988—3/1989F 
1.6 2.0 


Several prior studies lacked both observation time 
and ascertainment.'* '*"" These studies were based on 
single sources and short diagnostic time limits, mostly 
from delivery to discharge from the hospital. This ex- 
cludes malformations detected early in pregnancies 
that were subsequently terminated, spontaneous abor- 
tions, and birth defects that were not immediately ev- 
ident at delivery. This study therefore rejected the use 
of a time limit for birth defect registration prior to 
delivery and used the recommended 1-year limit after 
births? 

All studies dealing with statistical problems of preg- 
nancy have to face the problem of uncertain dates un- 
less they are based on embryo transfer after in vitro 
fertilization or first-trimester ultrasonographic mea- 
surements. The calculation of the date of conception 
for all birth defects and background data (overall birth 
rate) is crucial for comparing cases against a common 
reference. The accuracy of this calculation 1s necessarily 
questionable, and a systematic error in the evaluation 
of dates of conception could have been operating. How- 


1030 Haeusier et al. 


ever, during the study period most of the pregnant 
women had a scan at registratior., which allows a rather 
accurate calculation of the estimated date of delivery 
on the basis of fetal measurements. 

Inaccuracies in such a large-scale investigation can 
only be minimized, not eliminated, but they affect 
all cases in a random way and should not affect the 
case/background ratio significantly. 

Detecting environmental teratogens that increase the 
incidence of birth defects requires long-term monitor- 
ing with high data ascertainment and detailed environ- 
mental background data. This is crucial because low- 
dosage teratogens are likely to work in a multifactcrial 
_ way. Demonstrated effects of low-dosage radiation on 
embryogenesis are few’*” and difficult to prove. How- 
ever, the effects of higher doses of radiation (such as 
growth retardation, microcephaly, mental retarda- 
tion,” eye malformations, leukemia, or thyroid 
cancer”) were not a subject of this study. Furthermore, 
this study cannot address the issue of a possible non- 
effect limit of low-dose radiaticn or gene repair mach- 
anisms. 

This study investigated the :mpact of a known ter- 
atogen (radioactive fallout) on the incidence of birth 
defects in a defined area durirg time intervals chosen 
according to the radioactive dosage. 

The epidemiologic challenge of the Chernobyl di- 
saster was the defined dosage and mixture of the re- 
gional nuclear fallout. The study took into account two 
different biologic mechanisms of radioactive human 
pollution: (1) the intake of isotopes by inhalation and 
external radiation with a temporary maximum within 
2 weeks of the meltdown, and (2) the long-term effect 
by ingestion of contaminated ood in view of reg:onal 
differences in soil and plant contamination. Another 
bias was the handling of agricultural and dairy products 
in the years after the disaster. This led to different levels 
of food contamination, especizlly milk. Restricting out- 
door activities and following official diet recommen- 
dations affected individual radioactive contamination 
but could not be considered in this study. 

Abortions are often linked to chromosomal abnor- 
malities,” ê which can be caused by irradiation in early 
pregnancy. Genetic and pathologic investigation of 
abortion material is minimal. The only way to investi- 
gate a possible post-Chernoby] effect on abortions in 
Styria was to study the overall abortion rate. The group 
of least interest was legal elective terminations, which 
could have increased because of maternal anxiety after 
Chernobyl. It was not possible to retrieve data from 
termination clinics. The question had to be invesugated 
indirectly by looking at the counseling frequency at 
family planning centers. This data source should be 
reliable because termination of pregnancy for nonmed- 
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ical reasons is legal in Austria up to 12 weeks’ gestation 
provided authorized counseling is given. 

The absence of changes in all groups after Chernobyl 
shows that the low-dosage radiation had no statistically 
detectable biologic effect. The fact that we could not 
find an apparent increase in abortion counseling is of 
interest because one might hypothesize that in a 
period of great public concern about a potentially ter- 
atogenic fallout more counseling or even terminations 
could have taken place. We could not find such an 
effect. 

Follow-up studies with international cooperation 
over a longer observation time will be necessary to mon- 
itor changes in the incidence of birth defects and to 
trace possible teratogens. It is unlikely that an effect of 
Chernobyl on the rates of malformations will be iden- 
tified in the future. However, the data presented here 
may serve as a baseline for future Austrian investiga- 
tions after possible environmental disasters. 


We thank H. Rollett, MD, for setting up the data 
base, Professor J. Goelles and J. Haas, MSc, for statis- 
tical advice, K. Tamussino, MD, for reviewing the text, 
and all the colleagues who provided registry data. Dr. 
P. Find! of the Austrian Statistical Office kindly pro- 
vided advice and background data. 
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Elevated maternal serum a-fetoprotein levels and midtrimester 
placental abnormalities in relation to subsequent adverse 


pregnancy outcomes 


Michelle A. Williams, ScD,*” Durlin E. Hickok, MD, MPH,*” 
Rosalee W. Zingheim, RN, MN, David A. Luthy, MD; Judith Kimelman, MD,* 


David A. Nyberg, MD, and Barry S. Mahony, MD”? 
Seattle, Washington 


OBJECTIVE: Unexplained elevations of maternal serum a-fetoprotein levels in the second trimester of 
pregnancy are associated with adverse pregnancy outcomes, including intrauterine growth retardation, 
preterm delivery, preeclampsia, and abruptio placentae. In addition, elevations of maternal serurr 
a-fetoprotein have been associated with placental lesions detected during second-trimester 
ultrasonographic evaluations. We examined the relationship between adverse pregnancy outcomes and 
unexplained elevations of maternal serum a-fetoprotein and placental abnormalities in the second trimester 


of pregnancy. 


STUDY DESIGN: During the period from January 1989 to March 1991 we conducted a cohort study of 
201 women with an elevated maternal serum a-fetoprotein (=2.0 multiples of the median) and a 
second-trimester ultrasonographic evaluation at Swedish Hospital Medical Center and 211 women with 
normai maternal serum a-fetoprote n levels who had also undergone ultrasonographic evaluation at the 
same institution. All women in this investigation had singleton pregnancies without fetal anomalies. 
RESULTS: Elevated maternal serum a-fetoprotein was associated with the following adverse pregnancy 
outcomes: low birth weight (adjusted risk ratio 3.7), preterm delivery (adjusted risk ratio 3.6), intrauterine 
growth retardation (adjusted risk ratio 4.0), preeclampsia (adjusted risk ratio 3.8) and abruptio placentae 
{adjusted risk ratio 4.8). Placental abnormalities detected during second-trimester ultrasonographic 
evaluations were also associated with adverse pregnancy outcomes: low birth weight (adjusted tisk ratio 
2.0}, preterm delivery (adjusted ris< ratio 2.3), intrauterine growth retardation (adjusted risk ratio 1.4), and 
abruptio placentae (adjusted risk ratio 9.0). A joint positive history of second-trimester elevations of 
maternal serum a-fetaprotein and dlacental abnormalities was more strongly associated with the following 
adverse infant outcomes: low birth weight {adjusted risk ratio 6.9), preterm delivery (adjusted risk ratio 


5.6), and intrauterine growth retardation (adjusted risk ratio 5.3). 


CONCLUSIONS: Unexplained elevated levels of maternal serum a-fetoprotein and placental atnormalities 
detected in the second trimester cf pregnancy are associated with particularly poor pregnancy outcome. 
Careful examination for placental abnormalities should be part of the evaluation of elevated maiernal 


serum a-fetoprotein. (AM J Ospstet GyNecoLt 1992;167:1032-7.) 


Key words: «-Fetoprotein, placental abnormalities, obstetric complications, infant outcome 


Maternal serum a-fetoprotein (AFP) screening ts of- 
fered to pregnant women primarily for the antenatal 
detection of fetal neural tube defects. Among women 
with anatomically normal fetuses, AFP levels may be 
elevated because of multiple gestation, incorrect ges- 
tational age, or fetal death. In approximately 50% of 
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women with elevated AFP levels in the second trimester 
there is no apparent cause; these are considered to be 
“unexplained elevations.” Unexplained elevations of 
maternal serum AFP are, however, associated with in- 
creased risks of low birth weight (LBW), preterm de- 
livery, preeclampsia, abruptio placentae,'* and subse- 
quent fetal death.'* In addition, unexplained maternal 
serum AFP elevations are associated with placental 
pathologic conditions at delivery*’ and with placental 
abnormalities identified during second-trimester ultra- 
sonographic evaluations.” 

In spite of the vast numbers of reports regarding 
unexplained elevated maternal serum AFP and preg- 
nancy risk, we know of no report evaluating the relative 
risks of adverse pregnancy outcomes in a cohort of 
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women receiving maternal serum AFP screening and 
a detailed ultrasonographic examination of the pla- 
centa in the second trimester. Jauniaux et al. however, 
have suggested that elevated maternal serum AFP 
levels, combined with abnormal placental ultrasono- 
graphic features, may be early indicators of subsequent 
perinatal complications, including suboptimal intra- 
uterine fetal growth. We examined the relationship be- 
tween adverse pregnancy outcomes and unexplained 
elevations of maternal serum AFP and placental ab- 
normalities in the second trimester of pregnancy in a 
hospital-based cohort study. Pregnancy outcomes con- 
sidered included LBW, preterm delivery, intrauterine 
growth retardation, abruptio placentae, and pre- 
eclampsia. 


Material and methods 


The study population comprised 227 patients at- 
tending Swedish Hospital Medical Center Prenatal Di- 
agnosis Clinic in 1989 through 1991 with unexplained 
elevated maternal serum AFP levels (=2.0 multiples of 
the median) who had received second-trimester ultra- 
sonographic evaluation at the same institution. The 
comparison group was chosen by identifying the next 
patient seen with a trimester maternal serum AFP level 
<2.0 multiples of the median, who had also received 
second-trimester ultrasonographic evaluation (N = 
231). Indication for ultrasonography among these pa- 
tients included screening before genetic amniocentesis 
for advanced maternal age (77.7%), confirmation of 
gestational age, and other routine obstetric indications 
(22.3%). Pregnancies complicated by fetal anomalies, 
abnormal karyotype, or fetal death before ultrasono- 
graphic evaluation were not included in this study. Ma- 
ternal serum AFP levels were reported in multiples of 
the median for each gestational age and corrected for 
race, diabetes, and maternal weight. Maternal serum 
AFP assays were conducted in the Laboratory of Pa- 
thology, Swedish Hospital Medical Center, Seattle, with 
a commercially available immunoassay for a-fetopro- 
tein (Hybritech, Inc., San Diego). Approximately 4% 
of women receiving maternal serum AFP screening at 
our center are diagnosed as having unexplained ele- 
vations. 

Sonograms were obtained with 3.5 and 5.0 MHz real- 
time ultrasonographic equipment. Each sonogram was 
reviewed by a single group of experienced ultraso- 
nographers. The diagnosis of placental abnormalities 
included periplacental hemorrhage (extrachorionic or 
subchorionic hemorrhage) (n = 5), intraplacental so- 
nolucencies or maternal lakes 21.0 cm in diameter 
(n = 5) thickened placenta (n = 19), and multiple ab- 
normalities (two or more of the above lesions) (n = 10). 
By definition a thickened placenta measured (in the 
plane perpendicular to the chorionic plate) more than 
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10 mm >1 mm per week of gestational age. For ex- 
ample, the upper limit of normal for placental thickness 
at 20 weeks’ gestation would be 30 mm (20 weeks x 
1 mm per week + 10 mm).” 

Information on maternal sociodemographic: char- 
acteristics, reproductive and medical histories, and an- 
tenatal care was collected from medical records ob- 
tained at the time of initial maternal serum AFP screen- 
ing. In addition, information concerning complications 
of labor and delivery and early mfant outcome was 
ascertained by either medical records review or by a 
telephone interview of the referring physician. Twenty- 
six patients with elevated maternal serum AFP (11.5% 
or 26/227) levels and 20 with normal levels (8.7%. or 
20/231) were not included in this investigation because 
of lack of pregnancy outcome information, leaving 201 
and 211 patients in the elevated and normal maternal 
serum AFP study groups, respectively. Gestational age 
was determined by counting the number of completed 
weeks from the first day of the last menstrual period 
and confirmed by ultrasonography. We evaluated the 
risks of the following adverse pregnancy outcomes: 
LBW (>2500 gm), preterm delivery (delivery before 
completion of 37 gestational weeks), intrauterine 
growth retardation (birth weight <10th percentile 
for, gestational age) as determined by the criteria-de- 
veloped by Williams et al.,’? preeclampsia, and abruptio 
placentae. 

Unadjusted cumulative incidence risk ratios were es- 
timated for each pregnancy outcome as a measure of 
the relative association with elevated maternal serum 
AFP or midtrimester placental abnormalities. We ex- 
amined Mantel-Haenszel summary risk ratios and their 
attendant 95% confidence intervals to assess the inde- 
pendent relative association of elevated maternal serum 
AFP or placental abnormalities with each pregnancy 
outcome after adjusting for potential confounding fac- 
tors.’ Confounding was assessed by stratified analyses 
and by comparing the stratum-specific and unadjusted 
risk ratios. Factors that altered the unadjusted risk 
ratios by at least 10% were considered confounders." 
Multiple linear regression analyses were conducted to 
evaluate the impact of elevated maternal serum AFP 
or placental abnormalities on birth weight and gestation 
length expressed as quantitative continuous covariates. 
Potential confounders (maternal age, race, and parity) 
were included in regression models. When fetal growth 
retardation was considered, gestational age was in- 
cluded in regression models as an independent co- 
variate. 


Results 
Selected sociodemographic and medical character- 


istics according to maternal serum AFP status are pre- 
sented in Table I. The relationship between elevated 
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Table I. Distribution of selected maternal 
characteristics according to second-trimester 
maternal AFP status 









Elevated 







maternal Normal 
serum AFP maternal serum 
(N = 201) | AFP (N = 211) 






Characteristic 


Maternal race 





White 164 81.6 185 87.7 

Black 15 To | ao 

Other 22 10.9 19 &.0 
Maternal age (yr)* 28.8 36.0 

(+4.5) (+4.0)F 

Multiparous 48 23.9 69 32.7 
Previous miscarriage 47 23.4 7] 32.67 
Previous induced abortion 69 34.3 89 42.2 
Previous stillbirth 4 2.0 4 1.9 
Diabetes mellitus 5 2.5 0 C.0F 

*Mean + SD. 


}Two-sided p value < 0.05. 


maternal serum AFP in the second trimester of preg- 
nancy and subsequent adverse pregnancy outcome is 
summarized in Table II. The frequency of LBW infants 
was significantly higher among women with elevated 
maternal serum AFP than among women with normal 
levels (unadjusted risk ratio 2.5, 95% confidence inter- 
val 1.6 to 3.9). When maternal age, race, and parity 


were controlled for, the risk ratio increased to 3.7 (95%: 


confidence interval 1.8 to 7.7). Women with elevated 
maternal serum AFP had a 3.6-fold increase in risk of 
delivering a preterm infant compared with women with 
normal levels. In addition, we observed that women 
with elevated maternal serum AFP were more likely to 
have been delivered of a small-for-gestational-age 
(SGA) infant as compared with women with normal 
levels (19.4% vs 9.5%). Newborns of women with ele- 
vated maternal serum AFP were twice as likely to be 
classified as SGA, as compared with newborns of 
women with normal levels (unadjusted risk ratio 2.0, 
95% confidence interval 1.2 to 3.4). Controlling for 
maternal age, race, and parity resulted in a considerable 
increase in the magnitude of the association between 
intrauterine growth retardation and elevated maternal 
serum AFP (adjusted risk ratio 4.0, 95% confidence 
interval 1.6 to 10.2). 

Elevated maternal serum AFP in the second trimester 
of pregnancy was associated with a mean birth weight 
reduction of 490 gm (95% confidence interval 299 to 
682 gm) after adjusting for maternal age, race, and 
fetal gender. Elevated maternal serum AFP in the sec- 
ond trimester of pregnancy was associated with a de- 
crease in the mean birth weight of newborns by 243 
gm when maternal age, race, fetal gender, and zesta- 
tional age at delivery were controlled for. In adCition, 
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elevated levels was associa-ed with a shortening of mean 
gestation by 1.6 weeks. 

Pregnancies of women with elevated maternal serum 
AFP were more frequently complicated by preeclamp- 
sia and abruptio placentae (adjusted risk ratios 3.8 and 
4.3, respectively). Of note, the association between el- 
evated maternal serum AFP and abruptio placentae, in 
this study population, was confounded by maternal age 
(unadjusted risk ratio 1.1, risk ratio adjusted for ma- 
ternal age 4.7). 

We next assessed the relationship between ultrason- 
ographically detected placental abnormalities in the 
second trimester of pregnancy and subsequent adverse 
pregnancy outcomes (Table ITI). Abnormal placental 
lesions, detected during midtrimester ultrasonographic 
evaluation, were associated with a twofold increased 
risk of delivering an LBW infant (adjusted risk ratio 
2.0, 95% confidence interval 1.2 to 3.5). The frequency 
of preterm delivery was also greater among women 
with placental abnormalities when among women with- 
out such abnormalities (adjusted risk ratio 2.3). In ad- 
dition, newborns of women with placental abnormali- 
ties were more likely to ke SGA as compared with new- 
borns of women with normal-appearing placentas, 
although the 95% confidence interval was wide and 
included the null value of no association (adjusted risk 
ratio 1.4, 95% confidence interval 0.7 to 2.9). Abnormal 
placental findings in the second trimester of pregnancy 
were associated with a mean birth weight reduction of 
482 gm. In addition, placental abnormalities were as- 
sociated with a decrease in the mean birth weight of 
newborns by 192 gm when maternal age, race, fetal 
gender, and gestational age at delivery were controlled 
for. Elevated maternal serum AFP was associated with 
a shortening of mean gestation by 1.8 weeks. The fre- 
quency of preeclampsia was similar for both groups. 
However, women wi:h placental abnormalities in the 
second trimester were nine times more likely to have 
their pregnancy complicated by abruptio placentae as 
compared with women with placentas appearing nor- 
mal by ultrasonography. 

A joint positive history of elevated maternal serum 
AFP and placental abnormalities in the second trimes- 
ter of pregnancy was more strongly associated with ad- 
verse infant outcomes (Table IV). Newborns of women 
with both elevated maternal serum AFP and abnormal 
placental findings were 6.9 times more likely to be LWB, 
5.6 times more likely to have been delivered prema- 
turely, and 5.3 times mere likely to be classified as SGA 
than newborns of women with normal maternal serum 
AFP levels and normal-appearing placentas. Least- 
squares multiple regression analyses yielded results 
consistent with the above observations (Table V). A joint 
positive history of elevated maternal serum AFP and 
placental abnormalities was associated with a 378 gm 
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Table II. Association between unexplained elevated maternal serum AFP in second trimester and 
subsequent adverse pregnancy outcomes 













Elevated 
maternal serum 


Low birth weight (<2500 gm) 54 26.9 
Preterm delivery (<37 wk) 43 21.4 
SGA 39 19.4 
Preeclampsia 28 13.9 
Abruptio placentae 8 4.0 


*Adjusted for maternal age, race, and parity. 






Normal 
maternal serum 
AFP 
(N = 211) 





Unadjusted risk ratio 
and 95% 
confidence interval 


Adjustea* risk ratio 
and 95% 
confidence interval 


10.9 9.5 (1.6-3.9) 5708-77) 
5.7 3.7 (2.0-6.9) 3.6 (1.8-7.4) 
9.5 9.0 (1.2-3.4) 4.0 (1.6-10.2) 
4.7 3.0 (1.5-6.1) 3.8 (1.6-9.1) 
3.8 1.1 (0.4-3.0) 4.8 (1.0-23.8) 


Table III. Association between second-trimester placental anomalies detected during ultrasonographic 
evaluation and adverse pregnancy outcomes 






Outcome 





Low birth weight (<2500 gm) 14 35.9 
Preterm delivery (<37 wk) 12 30.8 
SGA 8 20.5 
Preeclampsia 4 10.3 
Abruptio placentae 6 15.4 


* Adjusted for maternal age, race, and parity. 


decrease in mean birth weight when gestational age at 
delivery, maternal age, race, and fetal gender were ac- 
counted for (95% confidence interval 162 to 594 gm). 
Similarly, a joint positive history of elevated maternal 
serum AFP and placental abnormalities was associated 
with a shortening of the mean length of gestation by 3 
weeks (95% confidence interval 1.9 to 4.1 weeks). In- 
creased risks of preeclampsia and abruptio placentae 
were observed with elevated maternal serum AFP and 
placental abnormalities, both separately and in com- 
bination, as shown in Table [V, Although small num- 
bers limited our ability to make reliable statistical in- 
ference, both complications of pregnancy appeared to 
be positively and independently associated with ele- 
vated maternal serum AFP levels and placental abnor- 
malities. 


Comment 


Unexplained elevated maternal levels of serum AFP 
in the second trimester are important clinical predictors 
of adverse pregnancy outcome. Compared with women 
with normal maternal serum AFP levels, the risks of 
preterm delivery, delivery of an LBW infant, delivery 
of a growth-retarded infant, preeclampsia, and abrup- 
tio placentae were significantly higher among women 
with elevated maternal serum AFP levels. These in- 






Unadjusted risk ratio 
and 95% 
confidence interval 


Adjusted” risk ratio 
and 95% 
confidence interval 






16.9 2.1 (1.3-3.4) 2.0 (1.2-3.5) 

11.5 9.7 (1.5-4.6) 2.3 (1.2-4.2) 

13.7 1.5 (0.8-2.9) 1.4 (0.7-2.9) 
9.1 1.1 (0.4-3.0) 1.0 (0.4-2.8) 
9.7 5.7 (2.8-15.3) 


9.0 (3.5-23.9) 


creased risks of adverse infant outcomes and pregnancy 
complications observed in our study population are 
similar to those previously reported.’* *°° We cannot, 
however, exclude the possibility that our results may, 
in part, be confounded by unmeasured risk factors. 
Consonant with other investigators, we observed sub- 
stantially higher risks of preterm delivery in association 
with elevated midtrimester maternal serum AFP values. 
Wald et al." observed that women with maternal serum 
AFP values of =3.0 multiples of the median were 5.8 
times more likely to deliver before the completion of 
37 weeks’ gestation as compared with women with nor- 
mal levels. Similarly, Gordon et al.” reported that el- 
evated levels were associated with a 3.5-fold increase in 
risk of preterm delivery. In addition, our observation 
of a mean birth weight reduction of 490 gm and a mean 
reduction of gestational age at delivery by 1.6 weeks 
among the newborns of women with elevations in ma- 
ternal serum AFP concurs with Wald et al.’s’® earlier 
report. In a study of 94 singleton pregnancies with 
unexplained elevations of maternal serum AFP, the au- 
thors observed that birth weights were on average 357 
gm lower for infants delivered of mothers with elevated 
maternal serum AFP. Furthermore, they found that 
elevated levels was associated with a mean reduction of 
gestational age at delivery by 2 weeks." | 
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Table IV. Association between unexplained elevated maternal serum AFP. and placental anomalies in 
second trimester (in combination and separately) and adverse pregnancy outcome 








Normal maternal 
















Risk ratio¥® and 
95% confidence 


Outcome No. interval 
Low birth weight (<<2500 gm) 22 Referent 13 
Preterm delivery (<37 wk) > ll Referent ll 
SGA 19 Referent 7 
Preeclampsia 9 Referent 3 
Abruptio placentae 6 Referent 4 


*Adjusted for maternal age, race, and parity. 


Table V. Estimated mean reduction in birth 
weight (grams) and gestational age at delivery 
(weeks) associated with elevated maternal 
serum AFP and placental anomalies in second 
trimester (in combination and separately) 






Mean reduction 
in gestahicnal 


aget (wk, point 









Mean reduction in 
birth weight* (gm, 





poini estimate and | estimate cnd 
95% confidence |95% confidence 
Study groups interval) interva.) 
Normal maternal serum Referent ‘Referent 
AFP, normal placenta , 
Eleyated maternal serum 378.1 (162-594) 3.0 (1.9-4.1) 
AFP, abnormal pla- 
centa : 
Elevated maternal serum 223.6 (88-359) 1.4 (0.7-2.1) 


AFP, normal placénta 
Normal maternal serum 
AFP, oe pla- 

centa 


100.1 (— 387-539) 0.6 (— 1.8-3.0) 


*Adjusted for maternal age, race, fetal gender, and zesta- 
tional age at delivery. 


{Adjusted for maternal age, race, and fetal gender. 


Our results are also in agreement with those of Mil- 
unsky et al.’ They reported that high maternal serum 
AFP levels (=2.0 multiples of the median) were posi- 
tively associated with adverse pregnancy outcomes, in- 
cluding low birth weight (relative risk 4.0, 95% confi- 
dence interval 3.0 to 5.3), preeclampsia (relative risk 
9.3, 95% confidence interval 1.5 to 3.5), and abruptio 
placentae (relative risk 3.0, 95% confidence in-erval 
1.5 to 5.8). Moreover, our observation that preterm 
delivery and intrauterine fetal growth retardation 
each contribute the increased frequency of LBW new- 
borns among women with second-trimester elevations 
of maternal serum AFP are consistent with previous 
reports. 1, 18, 18-20 


Elevated maternal 






Study group 


Elevated maternal Normal maternal 


serum AFP and serum AFP and serum AFP and serum AFP and 
normal placenta abnormal placenta normal placenta abnormal placenta 
(N = 206) (N = 34) (N = 167) (N = 5) 






Risk ratio* and 
95% confidence 


Risk ratio* and 
95% confidence 


Risk ratio® and 
95% confidence 


interval interval No. interval 
6.9 (2.5-18.7) 41 3.4 (1.5-7.6) I 1.9 (0.2-20.6) 
5.6 (2.0-15.3) 32 3.1 (1.5-6.6) t 3.8 (0.3-53.0) 
5.3 (1.2-23.5) 32 4.3 (1.6-11.4) I 2.7 (0.4-16.9) 
1.8 (0.3-11.5) 25 4.0 (1.7-9.7) l 6.3 (1.0-39.1) 
16.9 (1.9-153.0) 4 $3.8 (0.5-32.7) 2 


21.1 (6.3-71.6) 


The increased risk of preeclampsia associated with 
elevated maternal serum AFP levels is in accordance 
with the observations of Jones et al.” By means of the 
Kleihauer technique to quantify fetomaternal hemor- 
rhage, Jones et al. demonstrated an excess of pre- 
eclampsia among women with frequent and relatively 
large fetomaternal bleeding. The investigators postu- 
lated that the vascular damage observed in pregnancies 
complicated by preeclampsia may be a manifestation of 
earlier placental disruption that results in the transport 
of fetal cells to maternal circulation. Hamilton et al.” 
and others**”?!* have suggested that the likely cause 
of the association between elevated maternal serum 
AFP and adverse pregnancy outcomes, including in- 
trauterine growth retardation, preterm delivery, pre- 
eclampsia, and abruptio placentae may be attributed to 
placental damage. Several other investigators have sug- 
gested that unexplained elevated maternal serum AFP 
levels may be a consequence of the disruption of the 
normal placental barrier, thus resulting in the transport 
of AFP from fetal to maternal circulation.” Ultraso- 
nographic studies documenting higher frequencies of 
midtrimester placental lesions among women with high 
levels of maternal serum AFP as compared with women 
with normal levels and pathologic studies of delivered 
placentas support this hypothesis.>:7° 

To further evaluate the hypothesis that adverse preg- 
nancy outcomes associated with elevated maternal se- 
rum AFP levels may be attributed to placental disrup- 
tion, we performed stratified analyses to assess the rel- 
ative risk of adverse pregnancy outcomes associated 
with elevated levels and second-trimester placental ab- 
normalities, both separately and in combination (Table 
IV). Women with a joint positive history of elevated 
maternal serum AFP and abnormal placental findings 
in the midtrimester have particularly poor pregnancy 
outcomes. Compared with women with normal levels 
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and normal-appearing placentas, women with elevated 
maternal serum AFP and placental lesions were 5.6 
times more likely to be delivered before 37 completed 
weeks’ gestation and 5.3 times more likely to be deliv- 
ered of an SGA newborn. These results support the 
predictions of Jauniaux et al. who suggested that high 
levels of maternal serum AFP in combination with ab- 
normal placental ultrasonographic findings may be as- 
sociated with subsequent perinatal complications. 

As discussed by Alexander et al.” screening test prop- 
erties of maternal serum AFP measurements for pre- 
dicting low birth weight and preterm delivery are far 
from optimal. Nevertheless, the remarkable degree of 
consistency between studies carried out in various pop- 
ulations indicates that unexplained elevations of ma- 
ternal serum AFP in the second trimester are, indeed, 
important clinical markers for subsequent suboptimal 
pregnancy outcomes. Because most women with unex- 
plained elevations will go on to have normal pregnancy 
outcomes, the costs and benefits of extensive antepar- 
tum testing are not yet clear.* However, clinical and 
epidemiologic studies designed to evaluate risk markers 
such as elevated maternal serum AFP and placental 
abnormalities in the second trimester, which also con- 
siders known modifiable risk factors, may yield impor- 
tant etiologic and clinical information essential in the 
identification of subgroups of women at greatest need 
for specific preventive interventions and specialized 
clinical care. Although “management protocols” for 
women with unexplained elevations have not been sys- 
temically evaluated, previous recommendations in- 
clude repeat ultrasonography to document fetal growth 
and amniotic fluid volume and third-trimester tests of 
fetal movement counts, nonstress tests, and biophysical 
profiles.* In addition, because of the particularly high 
risk of adverse pregnancy outcome associated with a 
combined history of second-trimester placental abnor- 
malities and elevated maternal serum AFP, we rec- 
ommend careful ultrasonographic examination for pla- 
cental abnormalities as part of the evaluation of ele- 
vated maternal serum AFP. 
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OBJECTIVE: Twenty-two cases of antenatally diagnosed congenital cystic adenomatoid malformations are 


reported. 
STUDY DESIGN: Case management is reviewed. 


RESULTS: Eighteen women continued pregnancy after diagnosis. In nine cases nonimmune hydrops 
fetalis did not develop and all infants survived. Nonimmune hydrops fetalis developed in the other nine; 
fetal intervention was performed in eight cases. In the single case of nonimmune hydrops fetalis without 
intervention, the neonate died. In fou- cases aspiration of macrocystic lesions was performed. In two cases 
cystoamniotic shunts were placed. Neither aspiration or shunting provided long-term benefit. In six cases 
fetal lobectomy was ultimately performed and four survived. Two fetuses did not undergo in utero surgery; 
one was delivered prematurely after cyst aspiration and lived, and the other previable fetus was delivered 


soon after shunting. 


CONCLUSIONS: Fetal survival is best related to development of nonimmune hydrops fetalis. Aspiration of 
cystic lesions and cystoamniotic shunts generally provide short-term benefit. Early experience with fetal 
surgery for congenital cystic adenomatoid malformations has been encouraging. (AM J OBSTET GYNECOL 


1992;167:1038-41.) 


Key words: Cystic adenomatoid malformation, fetal lung mass, prenatal diagnosis 


Congenital cystic adenomatoid malformation is a pul- 
monary anomaly characterized by overgrowth of ter- 
minal bronchioles. The clinical presentation may be 
widely variable, ranging from intrauterine fetal death 
secondary to nonimmune hydrops fetalis to discovery 
in childhood after recurrent pulmonary infections. 
Congenital cystic adenomatoid malformations result 
from failure of the endodermal bronchiolar epitheliam 
to induce surrounding mesenchyme to form broncho- 
pulmonary segments. If several bronchiolar divisions 
are involved, mediastinal shift and pulmonary, esoph- 
ageal, and vena caval compression may result in polv- 
hydramnios and fetal hydrops.’ 

Congenital cystic adenomatoid malformations are al- 
most always unilateral with no predilection to the right 
or left lung; the hamartomatous lesion is usually limited 
to one lobe. Generally, the lesion is not associated with 
other structural anomalies, but cn occasion a variety of 
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abnormalities have been reported. These include bi- 
lateral renal agenesis, renal dysplasia, hydrocephalus, 
cardiac defects, and diaphragmatic hernia. Isolated le- 
sions are not generally associated with an abnormal 
karyotype. 

Congenital cystic adenomatoid malformations may 
be classified into three subtypes according to the size 
of the cysts; type I has large cysts, type II has multiple 
small cysts <1.2 cm in diameter, and type III consists 
of noncystic lesions.? Adzick et al.* have simplified this 
classification into two groups; macrocystic tumors with 
cysts =5 mm in diameter and microcystic lesions with 
cysts <5 mm in diameter. The more common macro- 
cystic lesion is not usually associated with hydrops and 
has a more favorable prognosis. 

The differential diagnosis of space-occupying lesions 
within the fetal thorax includes not only congenital cys- 
tic adenomatoid malformations but also diaphragmatic 
hernia, pulmonary sequestration, bronchial atresia, 
bronchogenic cyst, and mediastinal teratoma. 

The prognosis is variable and depends on the size of 
the lesion, the presence oz absence of nonimmune hy- 
drops fetalis, and perhaps the pathologic subtype, as 
noted above. There are several reports of diminution 
in size of fetal chest masses.*° In addition, there have 
been four unreported cases of lesion diminution seen 
in our center. In fetuses with large lesions and associ- 
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ated nonimmune hydrops fetalis, the prognosis for 
neonatal survival is dismal.* Because of this poor ex- 
pected outcome, in utero therapy through fetal tho- 
racentesis,° placement of cystoamniotic shunts,” ° and 
open fetal surgery (hysterotomy and resection of chest 
mass) have been successfully undertaken.’ 

We report our experience with 22 cases of antena- 
tally-diagnosed congenital cystic adenomatoid malfor- 
mations managed at the University of California, San 
Francisco Fetal Treatment Program since 1985. 


Methods 


Twenty-two cases of fetal congenital cystic adeno- 
matoid malformations were reviewed. When a pul- 
monary lesion was diagnosed by ultrasonography, a sys- 
tematic anatomic fetal survey was undertaken to 
determine the presence of other anomalies. Fetal echo- 
cardiography was generally used to rule out cardiac 
defects. In any fetus where intervention was consid- 
ered, a karyotype was performed after amniocentesis 
or cordocentesis. In the absence of nonimmune hy- 
drops fetalis, serial ultrasonography was performed to 
monitor the size of the lesion and to look for early signs 
of nonimmune hydrops fetalis. 


Results 


Four women underwent pregnancy termination. One 
of the fetuses had multiple structural anomalies and 
two others had nonimmune hydrops fetalis. Eighteen 
women elected to continue their pregnancies after the 
diagnosis was made. In nine cases nonimmune hydrops 
fetalis did not develop. All of these infants survived 
after delivery at 32 to 42 weeks. Three of the lesions 
were microcystic, and the remaining six were macro- 
cystic. Fetal intervention was only performed in one of 
these cases. In this instance ultrasonography demon- 
strated a large, multicystic mass with mediastinal shift. 
Although nonimmune hydrops fetalis was not present, 
fetal thoracentesis was performed at 34 and 36 weeks’ 
gestation. In four of these nine cases the neonate un- 
derwent thoracotomy and resection of the congenital 
cystic adenomatoid malformations. 

In nine cases nonimmune hydrops fetalis developed 
between 20 and 27 menstrual weeks. In the single case 
in which intervention was not undertaken the patient 
had spontaneously ruptured membranes at 33 men- 
strual weeks; the infant died of respiratory distress at 
1 hour of life. 

In the remaining eight cases fetal intervention was 
performed. In all eight cases there were no associated 
structural abnormalities identified by ultrasonography 
and the karyotype was normal. Seven of the eight le- 
sions were macrocystic. In four cases ultrasonograph- 
ically guided needle aspiration of macrocystic lesions 
was performed. In the first patient the procedure was 
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performed at 29 menstrual weeks, but preterm labor 
and delivery of a viable infant occurred 1 week later. 
The baby had a stormy course in the intensive care 
nursery, requiring high-frequency ventilation. The 
child now has bronchopulmonary dysplasia and is oxy- 
gen dependent. In the second patient four aspiration 
procedures were performed at the referring institution 
from 20 to 21 weeks. When fluid rapidly reaccumulated 
between procedures, the patient was referred for fetal 
surgery at the University of California, San Francisco. 
In two additional patients fetal thoracentesis was 
performed at 19 and 22 weeks, respectively. When cys- 
tic fluid reaccumulated, cystoamniotic shunts were 
placed. 

In these two cases Harrison double-pigtail catheters 
(Wallace modification, Cook Urological, Inc., Spencer, 
Ind.) directed through an 18-gauge spinal needle were 
placed under ultrasonographic guidance. In one pa- 
tient a catheter was successfully placed in a fetus with 
anasarca. However, premature rupture of the mem- 
branes occurred 2 days later and a previable fetus was 
delivered. In the second patient catheter malfunction 
occurred at 25 menstrual weeks, 2 days after placement, 
and the patient underwent fetal surgery. 

In six cases fetal surgery (hysterotomy and resection 
of chest mass) was performed. Surgical, anesthetic, and 
tocolytic regimens have been previously detailed in a 
report of the first two cases from our center.” Five of 
the six cases involved macrocystic lesions. 

In the first case the procedure was performed at 27 
menstrual weeks. The surgical procedure was techni- 
cally successful, but multiple maternal and fetal com- 
plications developed postoperatively. These included 
severe preeclampsia and fetal anemia requiring intra- 
uterine fetal transfusion. A hysterotomy was required 
on postoperative day 6 because of progressive maternal 
deterioration. The fetus died on day 2 of life from 
severe respiratory insufficiency and anasarca. The 
mother rapidly improved after delivery. 

In the second case the procedure was performed at 
23 weeks. After successful resection of a multicystic 
lesion, the pregnancy continued until rupture of the 
membranes occurred at 29 menstrual weeks. Five days 
later a 1290 gm female was delivered by cesarean sec- 
tion. The child required minimal mechanical ventila- 
tory support for 48 hours and ts currently alive and 
well. 

In the third case the procedure was performed at 26 
menstrual weeks. Before the surgery two thoracenteses 
were performed at the referring hospital, but cystic 
fluid rapidly reaccumulated. A cystoamniotic shunt was 
placed at the University of California, San Francisco, 
but malfunctioned on day 2. Fetal surgery was suc- 
cessful, and the pregnancy continued until 34 weeks, 
when idiopathic oligohydramnios developed. A cesar- 
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ean section was performed with delivery of a 2420 zm 
boy who is currently alive and well. 

In the fourth case the procecaure was performec at 
25 weeks when early hydrops developed in conjunction 
with a microcystic lesion. The pregnancy continued an- 
til premature rupture of the membranes occurrec at 
33 weeks. A cesarean section was performed 2 days 
later with delivery of a 2000 gm male who is alive and 
well. 

In the fifth case the procedure was undertaken at 24 
weeks after rapid reaccumulation of cystic fluid oc- 
curred after serial thoracenteses was performed at the 
referring hospital. Postoperatively the patient devel- 
oped progressive preterm labor and then experienced 
rupture of the membranes and was delivered by hys- 
terotomy 12 davs later. A female infant weighing 1345 
gm was delivered. After ventilatory support in the in- 
tensive care nursery, the baby is currently home and 
doing well. 

In the sixth case the procedure was performed a: 21 
weeks. After a technically successful surgical proce- 
dure, an intrauterine fetal death occurred 7 hours post- 
operatively. The cause of death is still unclear after 
review of the postmortem examination. 


Comment 


The natural history of congenital cystic adenomatzoid 
malformations is variable. Survival rates of fetuses ap- 
pear to be most closely related to the presence or ab- 
sence of nonimmune hydrops fetalis. In the absence of 
nonimmune hydrops fetalis, serial ultrasonographic ex- 
aminations may be used, and no fetal intervention ap- 
pears necessary. Cystic masses may even diminish in 
size as pregnancy advances. As with all space-occupving 
lesions of the chest, newborn survival correlates with 
the presence or absence of pulmonary hypoplasia and 
associated anomalies. In fetuses with isolated congenital 
cystic adenomatoid malformations without lethal pul- 
monary hypoplasia, the prognosis is favorable.’ The 
most common newborn symptom is progressive respi- 
ratory distress, whereas older mfants may have recur- 
rent pulmonary infections. Small lesions may remain 
asymptomatic for years.'*'' The development of non- 
immune hydrops fetalis without fetal intervention, 
however, portends a dismal outcome. There are only 
two known cases of neonatal survival when nonimmune 
hydrops fetalis was diagnosed antenatally® "; fetuses 
in all other reported cases have died. The cause of the 
hydrops is probably secondary to vena caval obstruction 
or cardiac compression from mediastinal shift caused 
by the lesion. 

Because of the poor prognosis associated with the 
development of nonimmune hydrops fetalis, a number 
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of investigators have undertaken thoracentesis and 
placement of thoracoamniotic shunts. Aspiration of 


cystic lesions generally provides only short-term ben- 


efit, because most cysts rapidly reaccumulate lung fluid. 

Nicolaides et al.§ reporzed the successful placement 
of a “Rocket” double-pigtail catheter into a large cystic 
lesion at 24 weeks. The shunt decompressed the lesion 
until spontaneous delivery occurred at 38 weeks. Clark 
etal.’ also placed a fetal catheter into a large macrocystic 
lesion in a hydropic fetus at >20 menstrual weeks. The 
double-pigtail catheter decompressed the lesion until 
delivery at 37 weeks. The longevity of the catheters in 
these two reported cases appears to be more the ex- 
ception than the rule.” 

Placement of fetal catheters is certainly less invasive 
than is open fetal surgery. However, catheters generally 
do not offer long-term therapy; most malfunction after 
relatively short periods of time. They frequently clog, 
presumably from cellular debris in the amniotic fluid, 
or dislodge. Moreover, catheters may not provide ad- 
equate drainage of multilobed cysts. Our limited ex- 
perience with fetal cystcamniotic catheters has been 
disappointing. Therefore in fetuses in whom nonim- 
mune hydrops fetalis develops early, fetal surgery may 
provide the best option for ultimate survival. Addi- 
tionally, when catheters do not adequately drain mul- 
ticystic masses or the ultrasonographic appearance of 
the cyst is microcystic, surgery may be the only re- 
maining option for fetal salvage. 

There is no question that fetal surgery is a potentially 
morbid procedure. A major operative procedure re- 
quiring general anesthesia is followed by long-term to- 
colytic therapy and bed rest and their resultant com- 
plications. In our series patients were uniformly deliv- 
ered preterm, and delivery of that pregnancy and all 
subsequent ones must be by cesarean section. In spite 
of these risks, our early experience with open fetal sur- 
gery for congenital cystic adenomatoid malformations 
complicated by nonimmune hydrops fetalis has been 
very encouraging. 
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The natural interleukin-1 receptor antagonist prevents 


interleukin-1—induced preterm delivery in mice 


Roberto Romero, MD, and Boris Tartakovsky, PhD 


Detroit, Michigan, Bethesda, Maryland, and Rehovot, Israel 


OBJECTIVES: Interleukin-1 has been implicated in the mechanisms responsible for preterm parturition in 
the setting of intrauterine infection. This cytokine is produced by human decidua, stimulates prostaglandin 
production by intrauterine tissues, and induces preterm parturition in mice. The purpose of this study was 
to determine whether pretreatment with the natural interleukin-1 receptor antagonist can block 


interleukin-1—induced preterm parturition in mice. 


STUDY DESIGN: Baib/CJ female mice impregnated by B6D2 F-1 male mice were randomly allocated to 
one of the following treatment groups: (1) saline solution (n = 15), (2) human recombinant interleukin-1a 
or human recombinant interleukin-1B (n = 12), (3) human recombinant interleukin-1 receptor antagonist 
{n = 13), and (4) human recombinant interleukin-1 receptor antagonist plus human recombinant 


interleukin-1 (n = 24). 


RESULTS: An interleukin-1 dose of 10 pg per mouse induced preterm parturition in all cases. 
Pretreatment with interleukin-1 receptor antagonist (dose 1 mg per animal) prevented 
interleukin-1—induced preterm parturition. Interleukin-1 receptor antagonist administration was not 
associated with demonstrable side effects including behavioral changes, vaginal bieeding, duration of 


pregnancy, and pregnancy outcome. 


CONCLUSION: Our results suggest that interleukin-1—~induced preterm delivery in mice is mediated by the 


interleukin-1 receptor. (Av J Osster GYNECOL 1992;167:1041-5.) 
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The term interleukin-] (IL-1) refers to two cytokines, 
IL-lo and IL-18, which are the products of two distinct 
genes, have significant primary structural homology, 
bind the same receptors, and have overlapping im- 
munologic and nonimmunologic activities (reviewed in 
detail in reference 1). A growing body of evidence sup- 
ports the role of this cytokine in preterm parturition 
in the setting of infection. Indeed, IL-l and IL-1 are 
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Table I. Effect of IL-1 on induction of preterm del-very in Balb/CJ pregnant mice 






Group 


No. No. Treatment 







Premature 
delivery 
(%) 








Vaginal 
blzeding 







Remarks 









1 5 PBS-BSA 0 — — 

-2 5 Human recombinant IL-la, 1 pg x 3 0 + Fatal in 100% 
3 5 Human recombinant IL-la, 3.5 pg x 2 0 + Fatal in 100% 
4 5 Human recombinant IL-la, 5 wg x I 0 + — 

5 8 Human recombinant IL-la, 10 pg x 1 100 + — 
6 3 Human recombinant IL-18, 10 pg x 1 100 + — 





Balb/CJ female mice pregnant by B6D2 F-1 male mice (day 16 or 17) were injected subcutaneously with IL-1 or diluent and 
observed for premature delivery. Premature delivery was observed only in groups 5 and 6 within 18 hours of administration. 
IL-1 was administered at 4-hour intervals in group 2 and at 3-hour intervals in group 3. PBS-BSA, Phosphate-buffered saline 


solution—bovine serum albumin. 


produced by human decidua in response to micropial 
products,’ they are capable of stimulating prostaglan- 
din production by human amnion and decidua,*‘ and 
they are present in the amniotic fluid of women with 
preterm labor and intraamniotic infection.®® Also. an 
increased IL-18 gene expression has been dewon- 
strated in fetal membranes and decidua from patients 
with labor and clinical and histologic chorioamnion:-tis,’ 
and administration of IL-1] to pregnant mice resul:s in 
preterm delivery.’ IL-1 also induces the production of 
other cytokines’ capable of stimulating prostaglandin 
production by intrauterine tissues such as tumor ne- 
crosis factor? and interleukin-6.'° Collectively, this evi- 
dence is supportive of a role for IL-1 in the mechanisms 
responsible for preterm parturition in the context of 
intrauterine infection. 

Recently, a new member of the IL-1 gene family, the 
natural IL-l receptor antagonist protein,'» * has >een 
purified and cloned. This cytokine shares significant 
sequence homology with IL-la and IL-1, binds to the 
IL-1 receptor, and blocks most biologic activities of IL- 
1." * Consequently, the IL-1 receptor antagonist may 
be useful in the treatment of preterm labor to prevent 
preterm delivery in the setting of infection. The pur- 
pose of this study was to determine whether pretreat- 
ment with this cytokine can prevent IL-1—inducec. pre- 
term parturition in mice. 


Material and methods 


Animals. Studies were conducted with 12-week-old 
Balb/CJ female mice impregnated by 20-week-old 
C57BL/6} x DBA/2 F-1] male mice (B6D2 F--) (all 
mice were obtained from Olac, England). Animals were 
allowed free access to food and water before and during 
experimentation and were exposed to a 12-hour-light 
and 12-hour-dark cycle. Under these conditions mating 
occurs during the middark period. Mating date, as ev- 
idenced by vagina! plug, was designated day 1 of preg- 
nancy. The mean weight of the pregnant mice was 30 
gm. Experiments were conducted on day 16 or 17 of 
gestation. 

Experimental design. The first set of experiments 


was designed to determire a dose of IL-1] that will re- 
liably induce preterm delivery in the Balb/CJ strain. 
To accomplish this, mice were randomized to receive 
one of the following: (1) sterile phosphate-buffered sa- 
line solution, (2) human recombinant IL-1a (Frederick 
Cancer Research and Development Center, National 
Cancer Institute, Frederick, Md.), or (3) human recom- 
binant IL-1 (Frederick Cancer Research and Devel- 
opment Center, National Cancer Institute). Table I dis- 
plays the number of animals per treatment group, 
doses, and outcome. Also, human recombinant IL-2 
(Frederick Cancer Research and Development Center, 
National Cancer Institute) was injected at doses of 5 wg 
per mouse (n = 5) and 10 pg per mouse (n = 5). Ma- 
terials were injected subcutaneously in a volume of 100 
pl and diluted in sterile phosphate-buffered saline so- 
lution supplemented with 0.1% bovine serum albumin 
(Amersco, Salon, Ohio). 

To determine the effect of IL-1 receptor antagonist 
on IL-1l-—induced preterm parturition, IL-1 receptor 
antagonist? (The Upjohn Company, Kalamazoo, 
Mich.) was injected at different concentrations 10 min- 
utes before IL-1] administration. Table II describes the 
experimental design (number of animals per experi- 
mental group and doses of cytokines). Mice were mon- 
itored and observed for the development of vaginal 
bleeding, behavioral changes (activity, food consump- 
tion, and piloerection), and pregnancy outcome. 

Statistical analysis. Comparisons between the 
groups receiving different pretreatment doses of IL-1 
receptor antagonist were analyzed with Fisher’s exact 
test. 


Results . 

Table I describes the results of a dose-response study 
of systemic administration of IL-la and IL-18 on the 
induction of preterm parturition in Balb/CJ mice. 
Vaginal bleeding was observed in all IL-1 treated mice. 
IL-la administration at doses of 0.5 and 1 pg per 
mouse administered twice or three times® was invariably 
fatal. In contrast, a dose of 5 wg per mouse in a single 
injection induced vaginal bleeding but did not result in 


Volume 167 


Interleukin-1 receptor antagonist and parturition 1043 
Number 4, Part 1 i 


Table II. Effect of IL-1 receptor antagonist on IL-1—induced preterm delivery in Balb/CJ mice 





Premature 
delivery 
(%) 






Group 






No. Treatment Remarks 





l 15 ; PBS-BSA 0 — 

2 12 Human recombinant IL-1, 10 pg* 100 Fatal in 2 mice 

3 6 IL-1 receptor antagonist, 0.25 mg, 100 oo 
human recombinant IL-18, 10 pg 

4 6 IL-1] receptor antagonist, 0.5 mg, 66.6 — 
human recombinant IL-1B, 10 pg 

5 12 IL-1 receptor antagonist, 1 mg, 0 — 
human recombinant IL-1, 10 wg* 

6 13 IL-1 receptor antagonist, 1 mg 0 — 


Balb/C] female mice pregnant by B6D2 F-1 male mice (days 16 and 17) were injected subcutaneously with various amounts 
of IL-1 receptor antagonist 10 minutes before subcutaneous administration of IL-1. PBS-BSA, Phosphate-buffered saline solution— 


bovine serum albumin. 


*Human recombinant IL-la, n = 3; human recombinant IL-IB, n = 9. 


preterm birth (all mice survived). A dose of 10 wg per 
mouse resulted in preterm delivery in all cases. IL-la 
and IL-1, at doses of 10 ug per mouse, were found 
to have an equivalent effect on the induction of preterm 
labor and delivery in Balb/CJ female mice. High 
doses of human recombinant interleukin-2 (5 and 10 
wg per mouse) did not have any demonstrable effect 
on pregnancy outcome. 

Pretreatment with 1 mg of the IL-1 receptor antag- 
onist prevented preterm delivery in all cases (pb < 0.05). 
This effect was dose dependent because pretreatment 
with 0.25 mg per mouse was ineffective in preventing 
IL-1—induced preterm delivery and 0.5 mg per mouse 
had only a partial effect (Table IJ). The administration 
of IL-1 receptor antagonist itself did not affect animal 
behavior and did not induce vaginal bleeding or pre- 
term delivery. 


Comment 


Our data provide the first evidence that IL-1—in- 
duced preterm parturition can be blocked by pretreat- 
ment with a naturally occurring cytokine, the IL-1 re- 
ceptor antagonist. This observation supports the con- 
cept that IL-l—induced preterm parturition is a 
receptor-mediated process. 

Microbial invasion of the amniotic cavity 1s present 
in approximately 20% of patients with preterm labor 
leading to preterm delivery. Several investigators have 
demonstrated that these patients are refractory to to- 


colysis and that their neonates are at higher risk for 


perinatal complications as compared with these born 
to women with negative amniotic fluid cultures. Thus 
these patients contribute significantly to the perinatal 
morbidity and mortality associated with preterm deliv- 
ery. Whereas antibiotic administration may be helpful 
in controlling intrauterine infection, it does not seem 
to be effective in delaying preterm delivery once the 
cytokine network has been activated. We propose that 
adjunctive administration of anticytokine agents in this 


setting could be of potential therapeutic value. By in- 
terfering with the signals responsible for myometrial 
activation in the setting of infection, anticytokine agents 
could achieve pregnancy prolongation so that anti- 
biotics can control and eradicate the infectious process. 
A similar conceptual approach has been successfully 
used in the treatment of septic shock, a cytokine-me- 
diated process. In this setting bacterial products stim- 
ulate the production of cytokines, which in turn are 
largely responsible for the hemodynamic features of 
septic shock.’ 15 IL-1 receptor antagonist treatment has 
been shown to have a protective effect against the de- 
velopment of shock or death caused by the adminis- 
tration of endotoxin or bacteria to mice,'® rats,” rab- 
bits,’* "° and baboons.”° Moreover, this strategy has also 
been shown to reduce the mortality rate of humans 
with septic shock. 

In this study IL-1 receptor antagonist blocked IL-1— 
induced preterm parturition in a dose-dependent man- 
ner; a dose of 1 mg was sufficient to block the effects 
of 10 wg of IL-1 (a ratio of 100: 1) in all cases. That an 
excess of IL-1 receptor antagonist is required to block 
IL-]-—induced preterm parturition is consistent with 
observations made in several species when attempts are 
made to block other biologic effects of IL-1B in vivo. 
For example, a 1000-fold excess of IL-1 receptor an- 
tagonist is required to prevent the development of IL- 
1B—induced fever and hypotension in rabbits, and a 
100-fold to 10,000-fold excess of IL-1 receptor antag- 
onist has been shown to prevent IL-1—induced eleva- 
tions in circulating levels of interleukin-6 and IL-1— 
induced neutrophilia in mice.*' For in vitro studies, a 
tenfold to 100-fold excess of IL-1 receptor antagonist 
is required to block 50% of many of the biologic effects 
of IL-1 (i.e. thymocyte proliferation, '* 7!” prosta- 
glandin E production by fibroblast and synovial 
cells,?* and collagenase activity). Collectively, these 
data suggest that only a small number of IL-] receptors 
need to be occupied for this cytokine to elicit its many 
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biologic activities, including preterm delivery. No in- 
formation is available regarding the type, distribution, 
or regulation of IL-1 receptors in intrauterine and fetal 
tissues. 

Many of the biologic effects originally attributed to 
IL-la and IL-IB are now known to be mediated by 
cther members of the cytokine network. For example, 
IL-1—induced thymocyte proliferation is dependen: on 
induction of interleukin-2 and interleukin-2 receptor 
gene expression.’ However, IL-l—induced preterm 
parturition does not seem to te an interleukin-2—de- 
pendent phenomenon because high doses of this cy- 
tokine (5 and 10 wg per animal) did not exert any 
demonstrable effect on the duration of pregnancy in 
our study. 

Another observation made during the course of our 
studies is that there is significant intraspecies variability 
of the effect of IL-1 in the induction of preterm celiv- 
ery. Whereas IL-la, 1 pg per mouse administered three 
times, 2 hours apart, was sufficient to induce preterm 
parturition in C3H/ He] inbred mice,’ a single injection 
of 10 pg per mouse was required to elicit the same 
effect in the Balb/CJ strain. These data suggest that 
genetic factors may play a role in the response to IL-1 
during pregnancy. 

We could not document any demonstrable side effect 
of IL-] receptor antagonist administration to pregnant 
mice (i.e., vaginal bleeding, change in duration of preg- 
nancy, or effect on pregnancy outcome). These obser- 
vations are consistent with the lack of any demonstrable 
side effects after the injection of as much as 750 mg of 
IL-1 receptor antagonist (10 mg/kg) during a 2-hour 
intravenous infusion to human nonpregnant volun- 
teers.” However, no data are available regarding the 
effect of this cytokine in human pregnancy, its rate of 
transplacental crossage, and the effects (if any) of IL- 
l receptor antagonist on the fetal immune system. A 
potential adverse effect of anticytokine agents cculd be 
the suppression of physiologic IL-18 expression by hu- 
man decidua, which has been suggested to play an im- 
portant role in maternal recognition of the fetal sem- 
iallograft.” Studies examining the consequerices of 
long-term administration of IL-1 receptor antagonist 
during pregnancy may provide insights into the sig- 
nificance of physiologic IL-1 production by decidua 
and its importance in pregnancy maintenance. 

In conclusion, pretreatment with IL-] receptor an- 
tagonist prevents I[L-l—incuced preterm delivery in 
mice. This observation opens interesting possibilities 
for the prevention of preterm birth in the context of 
intrauterine infection. Further studies are required to 
examine the potential value of antibiotics, anticytokine 
agents, and prostaglandin inhibitors in preterm labor 
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with documented microbial invasion of the amniotic 
cavity. 
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Study of thromboxane and prostacyclin metabolism in an in 
vitro model of first-trimester human trophoblast 


Eleanor M. Diss, MD,’ Steven G. Gabbe, MD," Jay W. Moore, PhD, and 


Douglas A. Kniss, PhD* 
Columbus, Ohio 


OBJECTIVES: The purpose of our study was to establish an in vitro tissue culture system to study 
eicosanoid metabolism in first-trimester trophoblastic tissue. Thromboxane A,, a potent vasoconstrictor, 
and prostacyclin, a potent vasodilatcr, were analyzed to evaluate their production in early pregnancy. 
STUDY DESIGN: Trophobiastic tissue was obtained via transabdominal chorionic villous sampling from 33 
pregnancies at 9 to 12 weeks’ gestation for cytogenetic diagnosis. Initially, tissue obtained from the 
cytogenetics lab was morphologically consistent with villous core cells. Through altering cell dens ty and 
passage, the cells became morphologically consistent with cytotrophoblasts. The cell lines were exposed 
to arachidonic acid (50 pmol/L) and aspirin (1 to 100 pmol/L) for 24 hours. Thromboxane B, and 6-keto 


prostaglandin F,, were measured by radioimmunoassay. 


RESULTS: Villous core cells and cytotrophoblasts increased production of thromboxane A, and 
prostacyclin in the presence of arachidonic acid {p < 0.002). The villous core cells produced more 
thromboxane A, and prostacyclin than cytotrophoblasts (p < 0.02). A significant inhibition of botr 
thromboxane A, and prostacyclin production was seen in the presence of 100 mol/L aspirin in both cell 


types (p < 0.05). 


CONCLUSIONS: This model may be useful for studying slacental function in the first trimester because 
individual placental compartments can be evaluated in tissue culture. At the cellular level we were not able 
io detect a preferential decrease in thromboxane A, production in the presence of aspirin (1 to 100 


umol/L). (AM J OpsteT GYNECOL 1992:167:1046-52.) 


Key words: Trophoblast, prostacyclin, thromboxane, chorionic villous sampling 


Preeclampsia, a disorder complicating between 5% 
to 7% of all pregnancies, is characterized by diffuse 
vasospasm, enhanced platelet aggregation, endothelial 
cell injury, and abnormal placentation.'* Although the 
exact cause of preeclampsia nas not been elucicated, 
arachidonic acid metabolites have been implicated as a 
possible factor.” The eicosanoids, prostacyclin (PGI) 
and thromboxane (Tx) Az, have been extensively stud- 
ied as possible causes of preeclampsia.’* PGI, is a potent 
vasodilator and inhibitor of platelet aggregation, and 
TxA, is a potent vasoconstrictor and platelet aggrega- 
tor. Studies have shown that placental PGI, and TxA, 
levels are altered in patients with preeclampsiz.*? In 
addition, the separate cell types of the human placenta 
have different production rates of PGI, and TxAg,."® 
Recent work by Nelson and Walsh demonstrated that 
villous core cells have a sevenfold greater production 
of TxA., measured as the stable metabolite TxB., than 
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trophoblastic cells. In contrast, these investigators 
found that the production of PGI,, as measured as the 
stable metabolite 6-keto prostaglandin (PG) Fia, was ap- 
proximately the same in both the villous core and tro- 
phoblastic cells. 

Low-dose aspirin therapy has been used to prevent 
preeclampsia and fetal growth retardation.’ Prosta- 
cyclin has been demonstrated in trophoblastic tissues 
as early as 6 weeks’ gestation and is known to increase 
throughout the first trimester.'* Tissue obtained from 
first-trimester terminations in patients treated with 
high-dose aspirin showed significant decreases in PGI, 
levels. Studies have also shown that aspirin prefer- 
entially inhibits TxA, production in explanted chori- 
onic villi and differentially affects TxA, and PGI, 
production by the traphoblast and villous core com- 
partments.'® TxA, levels have not been studied in first- 
trimester placental tissue. 

Abnormal placentation has been documented in pre- 
eclamptic pregnancies.* ° Although normal implanta- 
tion requires invasion of the cytotrophoblast into the 
myometrial segment of the spiral arteries,” Khong et 
al.’ found an absence of this process in patients with 
preeclampsia. Successful invasion of the trophoblast 
into the spiral arteries may be dependent on a delicate 
balance between TxA, and PGI,. Low-dose aspirin has 
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been shown to inhibit TxA, production without signif- 
icantly affecting PGI, production in term placentas and 
umbilical arteries of preeclamptic patients. '® 1>»! 

Term-placenta tissue may not be representative of 
first-trimester placental function. However, the only 
method currently available to study the placenta in 
early gestation is to use tissue obtained after termina- 
tion of pregnancy. We sought to develop a model to 
assess the effects of low-dose aspirin on TxA, and PGI, 
production in first-trimester placental tissue obtained 
by chorionic villous sampling (CVS). 


Material and methods 


Tissue acquisition. First-trimester chorionic villi 
were obtained from 33 patients for medically indicated 
cytogenetic studies by transabdominal CVS at 9 to 12 
weeks’ gestation under ultrasonographic guidance. All 
patients gave informed consent for the procedure. Vil- 
lous tissues were used for research purposes only after 
completion of the cytogenetic analysis. The tissue was 
rinsed with sterile Hanks’ balanced salt solution 
(HBSS), and any nonvillous tissue was removed. ‘The 
villi were first incubated in trypsin—ethylenediamine- 
tetraacetic acid (0.05% trypsin; 0.53 mmol/L ethyle- 
nedraminetetraacetic acid : 4 sodium) for | hour at 
37° C. The tissue was then transferred by Pasteur pi- 
pette to a second tube containing 10 mg/ml collagenase 
and incubated for 2 hours at 37° C with agitation to 
dissociate the cells of the mesenchymal core of the villi. 
The villous core cells were grown in 25 cm? tissue cul- 
ture flasks with Chang’s medium for amniocytes sup- 
plemented with penicillin-streptomycin (50 g/ml; 50 
pg/ml), Chang’s supplement, L-glutamine (2 mmol/L), 
and 10% fetal bovine serum to near confluence for 
cytogenetic analysis. The investigators were blind as to 
the identity of the patients. 

Cell cultures. After completion of the genetic studies 
the cells were subcultured for our investigations. Cells 
were rinsed with HBSS and then trypsinized with 
0.25% trypsin for 10 minutes at 37° C, after which they 
were centrifuged at 600g for 5 minutes and an aliquot 
was removed for counting. A single-cell suspension was 
seeded into 25 cm? tissue culture flasks at 1 to 2 x 10° 
cells per flask, and cultures were grown in Ham 
F12/Dulbecco’s Modified Eagle Medium (DMEM) 
(1:1) supplemented with 15% fetal bovine serum, 
1 mmol/L sodium pyruvate, 2 mmol/L L-glutamine, 
and 50 pg/ml gentamicin. The cells were maintained 
in a humidified incubator at 37° C with 5% carbon 
dioxide/95% air. After 5 to 7 days in vitro the cells 
reached confluent density, at which time they were sub- 
cultured at a split ratio of 1:2 in the same medium. 
After no more than three passages the cells were sub- 
cultured into 24-well plates (2.5 x 10° cells/well) and 
grown in serum-free F12/DMEM + 0.1% bovine se- 
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rum albumin. At this stage the cells exhibited a fibro- 
blastoid morphologic structure typical of undifferen- 
tiated mesenchymal cells of the villous core.” These 
cells were referred to as villous core cells. In most cell 
preparations, after several serial passages a second cell 
type with an epithelioid phenotype became evident. 
These cells had features similar to cytotrophoblasts iso- 
lated from term placentas?” and were referred to as 
cytotrophoblasts. The cytotrophoblasts were plated into 
24-well plates (5 x 10° cells/well) in serum-free me- 
dium + 0.1% bovine serum albumin. 

Eicosanoid studies. To initiate experiments the cells 
were seeded into 24-well plates as described and treated 
with aspirin (1 to 100 pmol/L) in the presence or ab- 
sence of 50 pmol/L arachidonic acid. Control cultures 
received only the vehicle (medium + 0.1% bovine se- 
rum albumin). Cells were incubated for 24 hours at 
37° C as described at which time the medium was re- 
moved and frozen at — 80° C until assayed. The cells 
were solubilized in 1 ml of 1 mol/L sodium hydroxide 
and total protein was measured by the method of 
Bradford™* with bovine serum albumin as standard. 
TxB, and 6-ketoPGF,,, were measured by specific ra- 
dioimmunoassay with antibodies generated in domestic 
chickens.” The data are expressed as picograms of 
TxB, or 6-ketoPGF,, produced per milligram of pro- 
tein per 24 hours. 

Statistical analysis. Data were expressed as median 
values of TxB, or 6-ketoPGF,, in picograms per milli- 
gram of protein because of interpatient variability. The 
data for multiple groups were analyzed by the non- 
parametric Friedman analysis of variance with the 
biomedical-designed program statistical series 3S on the 
University mainframe computer. 

Materials. All culture media were purchased from 
GIBCO/BRL (Grand Island, N.Y.). Fetal bovine serum 
was purchased from Upstate Biotechnology, Inc. (Lake 
Placid, N.Y.). Materials for immunostaining were ob- 
tained from the following companies: (1) anti—B-hu- 
man chorionic gonadotropin (hCG) and anti—a-hCG, 
Serono (Allentown, Pa.); (2) anti-human vimentin, 
Chemicon International (Temecula, Calif.); (3) mono- 
clonal anti—cytokeratin peptide 8, Sigma Chemical Co. 
(St. Louis); (4) antimhuman von Willebrand factor, Cal- 
biochem Corp. (San Diego), and (5) anti—leukocyte 
common antigen, DAKO Corp. (Carpinteria, Calif.). 
Tritiated TxB, and tritiated 6-keto PGF, were pur- 
chased from Amersham (Arlington Hts., Il.). Unlabeled 
prostaglandin standards, arachidonic acid, and aspirin, 
were obtained from Sigma Chemical Co. 

Immunocytochemistry. For immunostaining, cells 
were grown on 12 mm glass coverslips in standard 
growth medium. The cells were rinsed with Tris-buff- 
ered saline solution (pH 7.6) and fixed with zinc for- 
malin for 30 minutes. After rinsing the cells with Tris- 
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Fig. 1. Villous core cells. Fibroblastoid morphologic structure typical of undifferentiated mesen- 
chymal cells of villous core. (Phase contrast microscopy; Xx 205.) 


buffered saline solution, they were permeabilized with 
methanol (26° C) and incubated with the appropriate 
dilution of the various antibodies for 2 hours at 37° C. 
After rinsing the cells with Tris-buffered saline solu- 
tion + 1% newborn calf serum, they were incubated 
with biotinylated goat anti-rabbit immunoglobulin G 
for 1 hour at 37° C. The cells were rinsed again with 
‘Tris-buffered saline solution and incubated with strep- 
tavidin conjugated to horseradish peroxidase. The an- 
tigen was visualized by developing with aminoethylcar- 
bazole (3-amino, 9-ethylcarbazole), 0.03% hydrogen 
peroxide, after which the cells were counterstained with 
hematoxylin. 


Results 


Cytogenetic assessment of chorionic villous tissues. 
All karyotypes were normal with the exception of one 
trisomy 21. There was an equal distribution of males 
and females. Of the pregnancies completed, only one 
was complicated by preeclampsia at term. 

Morphologic characteristics of first-trimester cho- 
rionic villous cells. Villous core cells are illustrated in 
Fig. 1. These cells exhibited a fibroblastoid morpho- 
logic structure characteristic of undifferentiated mes- 
enchymal cells. After an average of seven passages and 
low density plating at 5 x 10° cells per 25 cm” tissue 
culture flask, the primary cultures developed an epi- 
thelioid appearance characteristic of cytotrophoblasts 
(Fig. 2). 

Villous core cells were vimentin-positive, hCG-neg- 
ative, and cytokeratin 8—negative. Cytotrophoblastic 


cells were vimentin-negative, a-hCG—positive, B-hCG 
weekly—positive, and cytokeratin 8—positive. To verify 
that villous core cells and cytotrophoblast cells were not 
contaminated with endothelial cells, immunostaining 
with anui—von Willebrand factor was performed. All 
cultures were negative for this marker. In addition, 
cultures were negative for the presence of macrophage 
and leukocyte markers (unpublished data). 

Eicosanoid studies. Cells derived from the villous 
core synthesized large amounts of the eicosanoids TxB, 
and 6-ketoPGF,,. However, cytotrophoblastic cell lines 
produced detectable levels of both eicosanoids only 
when incubated with arachidonic acid (50 pmol/L), 
Therefore all cytotrophoblast data refer to cells incu- 
bated with arachidonic acid. Because of the wide vari- 
ation in basal production of TxB, and 6-ketoPGF,,, be- 
tween the various established cell lines, the data were 
presented as the median values in picograms of eicos- 
anoid produced per milligrams of mg protein per 24 
hours. 

Villous core cells. Villous core cell results include 
13 different CVS samples. Fig. 3 shows representative 
experiments in which villous core cells were incubated 
in the presence or absence of arachidonic acid for 24 
hours after which TxB, and 6-ketoPGF,,, respectively, 
were measured by radioimmunoassay. When villous 
core cells were incubated with arachidonic acid, there 
was a threefold to fourfold sumulation of eicosanoid 
production over control levels. The median values for 
control and arachidonic acid—treated villous core cells 
were 2645 pg TxB./mg protein and 8000 pg TxB./mg 
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Fig. 2. Cytotrophoblastic cells. Epithelioid morphologic structure of typical cytotrophoblastic cells. 


(Phase contrast microscopy X 205.) 


protein (p < 0.0002), respectively, and 2788 pg 6- 
ketoPGF,,,/mg protein and 10,926 pg 6-ketoPGF,,/mg 
protein (p < 0.0002), respectively. 

When villous core cells were incubated with aspirin 
(1 to 100 pmol/L), there was a dose-dependent de- 
crease in TxB, biosynthesis (100 pmol/L, 92% reduc- 
tion; 10 pmol/L, 82% reduction; 1 pmol/L, 21% re- 
duction; Fig. 2, a). In cells incubated with arachidonic 
acid the degree of aspirin-induced inhibition of TxB, 
synthesis was less pronounced (100 wmol/L, 56% re- 
duction; 10 pmol/L, 16% reduction; 1 pmol/L, 15% 
reduction; Fig. 3, 6). A similar decrease in 6-ketoPGF,,, 
biosynthesis was seen in villous core cells incubated with 
aspirin (100 pmol/L, 90% reduction; 10 wmol/L, 86% 
reduction; | pmol/L, 50% reduction; Fig. 3, c). In cells 
incubated with arachidonic acid, the degree of aspirin- 
induced inhibition of 6-ketoPGF,, synthesis was also less 
pronounced (100 pmol/L, 56% reduction; 10 pmol/L, 
37% reduction; 1 pmol/L, 17% reduction; Fig. 3, d). 
These reductions were statistically significant at 100 
umol/L and 10 pmol/L concentrations of aspirin 
(p < 0.05). In cultures incubated with arachidonic acid, 
only 100 pmol/L aspirin caused a significant reduction 
of TxB, and 6-ketoPGF,,, production (p < 0.05). 

Cytotrophoblastic cells. The cytotrophoblastic cells 
were derived from 27 different CVS samples. Data are 
presented for cultures supplemented with arachidonic 
acid (Fig. 4). The median production of TxB, was 1276 
pg/mg protein; the median production of 6-ketoPGF,, 
was 560 pg/mg protein. Data for aspirin-induced in- 
hibition of TxB, and 6-ketoPGF,, production are as 


follows: TxB, (100 pmol/L, 56% reduction; 10 
wmol/L, 40% reduction; | mol/L, 20% reduction) 
and 6-ketoPGF,, (100 pmol/L, 57% reduction; 10 
umol/L, 41% reduction; 1 pmol/L, 16% reduction). 
This reduction was significant in cells incubated with 
100 pmol/L and 10 pmol/L concentrations of aspirin 
(p < 0.05). 

Experiments were conducted in both villous core cells 
and cytotrophoblastic cells in seven CVS samples within 
the same cell line. All cultures had been supplemented 
with arachidonic acid. The median production of TxB, 
was 2071 pg/mg protein in the cytotrophoblastic cells 
and 8000 pg/mg protein in the villous core cells 
(p < 0.02). The median production of 6-ketoPGF,,, was 
933 pg/mg protein in cells with villous core morpho- 
logic characteristics and 6577 pg/mg protein in the 
cytotrophoblastic cells (p < 0.009) (Fig. 5). 

Fig. 6 illustrates the TxB,/6-ketoPGF,, ratios in the 
villous core cells and cytotrophoblastic cells in the pres- 
ence of arachidonic acid. There were no significant 
differences in the median ratios between the aspirin- 
treated and control groups. The patient with pre- 
eclampsia had the highest TxB./6-ketoPGF,,, ratio of 
all of the cytotrophoblastic cell lines. This elevated ratio 
did not improve in the presence of aspirin (1 to 100 
umol/ L). 


Comment 

Previous studies in term placentas have demon- 
strated abnormal TxA,/ PGL, ratios in patients with pre- 
eclampsia,*? placentas from whom produce more TxA, 
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Fig. 3. Eicosanoid production from 13 different cell lines of villous core cells. Villous core cells were 
seeded into 24-well plates and incubated in presence or absence of arachidonic acid (50 pmol/L) 
and various concentrations of aspirin (ASA). After 24-hour incubation, TxB, and 6-ketoPGF,, were 
measured by radioimmunoassay. Bar, median values. 


and less PGI, than normal placenta! tissue.”" Although 
our only patient with preeclampsia had a very elevated 
TxA,/PGI, ratio, elevated ratios were seen in normal 
pregnancies as well. Aspirin did not improve the 
TxA,/PGI, ratio in any of the samples because of the 
equal inhibition of TxA, and PGI, production in this 
model. Further studies with larger numbers of patients 
might show a similar trend in first-trimester placental 
tissue, as has been seen in term placenta with regard 
to abnormalities in the TxA,/PGI, ratio of patients who 
eventually had preeclampsia. 

Our study supports the work of Nelson and Walsh,’ 
demonstrating production of TxA, and PGI, in differ- 
ent placental compartments. Similar to their findings, 
the villous core tissue in our study produced approx- 
imately four times more TxB, than did cytotropho- 
blastic tissue within the same cell lines. However, in 
contrast to their findings, villous core cells in our study 
produced seven times more 6-ketoPGF,, than did cy- 
totrophoblasts, again within the same cell line. 

Inhibition of eicosanoid production with low-dose 


aspirin was clearly demonstrated in both villous core 
cells and cytotrophoblasts. Aspirin inhibits cyclooxy- 
genase by irreversible acetylation. Equal inhibition of 
both TxA, and PGI, in the presence of aspirin can be 
predicted, and in our study aspirin (10 and 100 
mol/L) did significantly inhibit the production of both 
thromboxane B, and 6-ketoPGF,, equally. Studies in 
term placenta and umbilical arteries have shown a pref- 
erential decrease in TxA, production in the presence 
of aspirin.'® '**' However, our study did not demon- 
strate a preferential inhibition of TxA, over PGI, pro- 
duction at the cellular level. It is possible that platelets 
trapped within placental and umbilical artery segments 
were a major source of TxB, in those studies, and in 
our study platelet contaminants were not present. 
After oral administration of aspirin, the highest as- 
pirin concentration is found in the portal system, where 
circulating platelets are exposed to the aspirin and 
TxA, production is irreversibly inhibited.’ Aspirin also 
acts on endothelial cells, where it inhibits PGI, pro- 
duction. However, there are many more endothelial 
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Fig. 4. Eicosanoid production from 27 different cell lines of 
cytotrophoblastic cells. Cytotrophoblastic cells were seeded 
into 24-well plates in presence of arachidonic acid (50 
pmol/L) and various concentrations of aspirin (ASA). After 
24-hour incubation TxBs and 6-ketoPGF,, were measured by 
radioimmunoassay. Bar, median values, 


cells in the body that produce PGI, than there are plate- 
lets that produce TxAg,.* In addition, endothelial cells 
can resynthesize cyclooxygenase and continue to pro- 
duce PGI. Therefore TxA, production will be pref- 
erentially inhibited. The selective inhibition of TxA} at 
the placental site is thought to be caused by a paracrine 
interaction between the villous core and the cytotro- 
phoblast.* ° In addition, Nelson and Walsh” postulate 
a TxA inhibitor produced by cytotrophoblastic tissue. 
Further studies with patients on aspirin might dem- 
onstrate this preferential inhibition of TxA, production 
in first-trimester plecental tissue. 

The model presented here provides a useful method 
for examining first-zrimester placental function. As we 
have demonstrated, CVS does provide a readily acces- 
sible source of placental tissue for such studies. Though 
caution must be exercised when extrapolating in vitro 
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results, this model has yielded new data on eicosanoid 
production in the first-trimester placenta at the cellular 
level. Furthermore, this model provides a unique op- 
portunity to study different components of placental 
villi in a monolayer culture system. 
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his TxB, and 6-ketoPGF,, antibodies; Dr. Daniel Sed- 
mak and Paul Haering for help with immunostaining; 
Dr. Larry Sachs for help with statistical analysis; and 
Anne Robinson, Cecelia Weber, Peter Zimmerman, and. 
Sandy Lohmier for technical assistance. 


10. 


Ti: 


12; 


REFERENCES 


. Walsh SW, Parisi VM. The role of arachidonic acid me- 


tabolites in preeclampsia. Semin Ferinatol 1986;10:334- 
55. l 


. Friedman SA. Preeclampsia: a review of the role of pros- 


taglandins. Obstet Gynecol 1988;77:123-37. 


. Walsh SW. Physiology of low-dose aspirin therapy for the 


prevention of preeclampsia. Semin Perinatol 1990;14: 
152-70. 


. Khong TY, Liddell HS, Robertsen WB. Defective hae- 


mochorial placentation as a cause of miscarriage: a pre- 
liminary study. Br J Obstet Gynaecol 1987;94:649-55. 


. Khong TY, de Wolf F, Robertson WB, Brosens I. Inad- 


equate maternal vascular response to placentation in preg- 
nancies complicated by pre-eclampsia and by small-for- 
gestational age infants. Br J Obstet Gynaecol 
1986;93:1049-59. 


. Needleman P, Turk J, Jakschik B.A, Aubrey R, Morrison 


AR, Lefkowith JB. Arachidonic acid metabolism. Ann Rev 
Biochem 1986;55:69-102. 


. Makila UM, Viinikka L, Yhikorka:a O. Increased throm- 


boxane A,» production but normal prostacyclin by the pla- 
centa in hypertensive pregnancies. Prostaglandins 
1984;27:87-95. 


. Walsh SW, Behr MJ, Allen NH. Placental prostacyclin pro- 


duction in normal and toxemic pregnancies. AM J OBSTET 
GYNECOL 1985;151:110-5. 


. Walsh SW. Preeclampsia: an imbelance in placental prcs- 


tacyclin and thromboxane produstion. AM J OBSTET GY- 
NECOL 1985;:152:335-40. 

Nelson DM, Walsh SW. Thromkoxane and prostacyclin 
production by different compartments of the human pk- 
cental villous. J Clin Endocrinol Metab 1989;68:676-85. 

Beaufils M, Uzan S, Donsimoni R, Coulau JC. Prevention 
of .pre-eclampsia by early antiplatelet therapy. Lancet 
1985; 1:840-2. 

Wallenburg HC, Dekker GA, Makovitz JW, Rotmans P. 
Low-dose aspirin prevents pregrancy-induced hyperten- 


13, 


l4. 


15. 


16. 


17. 


18. 


19, 


20. 


21. 


ra a 


25. 


24. 


25; 


October 1992 
Am J Obstet Gynecol 


sion and pre-eclampsia in angiotensin-sensitive primi- 
gravidae. Lancet 1986;1:1-3. 

Schiff E, Peleg E, Goldenberg M, et al. The use of aspirin 
to prevent pregnancy-induced hypertension and lower 
the ratio of thromboxane A, to prostacyclin in relatively 
high-risk pregnancies. N Engl J Med 1989;321:351-6. 
Rakoczi I, Tihanyi K, Falkay G, Rozsa 1, Demeter J, Gati 
I. Prostacyclin production in trophoblast. In: Lewis PJ, et 
al., eds. Prostacyclin in pregnancy. New York: Raven 
Press, 1983. 

Rakoczi 1, Tihanyi K, Demeter J, Gati I. Effects of ace- 
tylsalicylic acid on prostaglandin production in tropho- 
blast. Acta Physiol Hung 1935;65:379-82. 

Nelson DM, Walsh SW. Aspirin differentially affects 
thromboxane and prostacyc'in production by trophoblast 
and villous core compartments of human placental villi. 
AM J OBSTET GYNECOL 1989;161:1593-8. 

De Wolf F, DeWolf-Peeters C, Brosens I. Ultrastructure 
of the spiral arteries in the human placental bed at the 
end of normal human pregnancy. AM J OBSTET GYNECOL 
1973; 137:833-48. 

Makila UM, Kokkonen E, Viinikka L, Ylikorkala O. Dif- 
ferential inhibition of fetal vascular prostacyclin and plate- 
let thromboxane synthesis by nonsteroidal anti-inflam- 
matory drugs in humans. Frostaglandins 1983;25:39-45. 
Ylikorkala O, Makila UM, Kaapa P, Viinikka L. Maternal 
ingestion of acetylsalicylic acid inhibits fetal and neonatal 
prostacyclin and thromboxane in humans. AM J OBSTET 
GYNECOL 1986;155:345-9. > 

Thorp JA, Walsh SW, Brath PC. Low-dose aspirin inhibits 
thromboxane, but not prostacyclin, production by human 
placental arteries. AM J OBSTET GYNECOL 1988;159: 
1381-4. 

Benigini A, Gregorini G, Frusca T, et al. Effects of low- 
dose aspirin on fetal and maternal generation of throm- 
boxane by platelets in women at risk for pregnancy-in- 
duced hypertension. N Engl J Med 1989;321:357-62. 
Yagel S, Casper R, Powell W, Parhar R, Lala P. Charac- 
terization of pure human first-trimester cytotrophoblast 
cells in long-term culture: growth patterns, markers, and 
hormone production. AM J OBSTET GYNECOL 1989; 
160:938-45. 

Kliman HJ, Nestler JE, Sermasi E, Sanger JM, Strauss JF. 
Purification, characterization and im vitro differentiation 
of cytotrophoblasts from human term placentae. Endo- 
crinology 1986;118:1567-37. 

Bradford MN. A rapid sensitive method for the quanti- 
fication of microgram quantities of protein using the prin- 
ciple of protein dye binding. Anal Biochem 1976;72:248- 
54. 

Fertel R, Yetiv JZ, Coleman MA, Schwartz RD, Greewald 
JR. Formation of antibodies to prostaglandins in the yolk 
of chicken eggs. Biochem Biophys Res Commun 
1981; 102:1028-33. 


Endothelium-derived relaxing factor inhibition augments 
vascular angiotensin II reactivity in the pregnant rat hind limb 


Robert A. Ahokas, PhD, and Baha M. Sibai, MD 


Memphis, Tennessee 


OBJECTIVE: The purpose of our study was to determine whether endothelium-derived relaxing factor 
plays a role in the blunting of maternal vascular reactivity in pregnancy. 

STUDY DESIGN: We measured the concentration-pressor responses to norepinephrine (10-7? to 1074 
moi/L and angiotensin II (1071 to 107° mol/L) in isolated, perfused hind limbs of nonpregnant and 
pregnant (postmating day 20 to 21) normotensive Wistar-Kyoto and spontaneously hypertensive rats. The 
hind limbs were perfused at 4 ml/min with Krebs-Ringer solution containing indomethacin (107° mol/L to 
inhibit prostaglandin production and were either infused with Nw-monomethyl-L-arginine (1074 mol/L), a 
specific inhibitor of endotheliurm-derived relaxing factor synthesis, or 0.9% saline solution (untreated). 
RESULTS: Baseline perfusion pressure was similar in the nonpregnant and pregnant hind limbs of both 
strains, and Nw-monomethyl-L-arginine had no effect on perfusion pressure. Norepinephrine induced 
similar pressor responses in the nonpregnant and pregnant hind limbs of both strains, and 
Nw-monomethy!-L-arginine did not alter these responses. Angiotensin I| pressor responses were 
significantly attenuated in the pregnant rat hind limbs compared with the nonpregnant rat hind limbs. 
Nw-monomethyl-L-arginine enhanced the angiotensin il responses in the pregnant, but not in the 


nonpregnant, rat hind limbs. 


CONCLUSION: The results suggest that rat pregnancy is not associated with generalized refractoriness to 
all vasoconstrictors and that endothelium-derived relaxing factor plays a role in attenuating vascular 
reactivity to angiotensin Il. (AM J OBSTET GYNECOL 1992;167:1053-8.) 


Key words: Pregnancy, vascular reactivity, endothelium-derived relaxing factor, 


Nw-monomethyl-L-arginine 


During pregnancy in rodents and in humans, ma- 
ternal plasma volume and cardiac output are increased, 
total vascular resistance is decreased, and vascular re- 
sponsiveness to vasoconstrictors is attenuated." ? The 
net effect of these cardiovascular adaptations is usually 
a fall in maternal blood pressure. The regulation of 
these physiologic changes has been extensively studied 
for decades, but the underlying mechanism(s) remain 
unclear. 

The vascular endothelium plays a prominent but 
complex role in the regulation of vascular tone and 
responsiveness by producing several locally active va- 
soconstrictor (e.g., endothelin) and vasodilator (e.g., 
prostacyclin [PGI,], endothelium-derived relaxing fac- 
tor) substances in response to many physical and chem- 
ical stimuli.’ Some investigators speculate that increased 
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production of PGI, is responsible for modulating ma- 
ternal vasoconstrictor responsiveness with resultant va- 
sodilation during pregnancy.*’ Endothelium-derived 
relaxing factor is now thought to play an even more 
prominent role in the regulation of vascular respon- 
siveness and tone than PGI,*; many constrictors, no- 
tably norepinephrine, arginine vasopressin, and sero- 
tonin stimulate endothelial cell production of endothe- 
lium-derived relaxing factor, which modulates their 
direct vascular smooth-muscle constrictor effect.’ 

The objective of our study was to determine whether 
endothelium-derived relaxing factor plays a role in 
blunting systemic vascular responsiveness to norepi- 
nephrine and angiotensin II in pregnancy. To this end, 
we measured the concentration-pressor responses to 
norepinephrine and angiotensin II in isolated, per- 
fused hind limbs, one untreated and one treated with 
Nw-monomethyl-L-arginine, a specific inhibitor of en- 
dothelium-derived relaxing factor synthesis, of non- 
pregnant and pregnant normotensive Wistar-Kyoto 
and spontaneously hypertensive rats. The isolated per- 
fused hind limb was used because pressor responses 
directly reflect changes in vascular tone unobscured by 
baroreflex homeostatic compensatory responses. Spon- 
taneous hypertensive rats were used because they retain 
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the ability to vasodilate during pregnancy and their 
blood pressure falls dramatically to normotensive levels 
by term.? 


Material and methods 


This project conforms with the “Guiding principles 
in the care and use of laboratory animals” approved by 
the Council of the American Physiological Society end 
with federal laws and regulations. The protocol used 
was approved by the University of Tennessee Animal 
Care and Use Committee. 

Virgin female Wistar-Kyoto and spontaneous hyper- 
tensive rats (10 to 12 weeks old; Harlan Laboratories, 
Inc., Indianapolis) were housed in a room with tem- 
perature maintained at 22 + 1° C witha 12-hour ligat— 
12-hour dark (lights on from 6 AM to 6 PM) cycle. The 
rats were fed standard laboratory rodent chow (Ralston 
Purina, St. Louis) as desired with tap water to drmk. 
For mating, females were caged 1:1 with mature males 
of the same strain; vaginal smears were checked daily 
in the early morning for the presence of spermatozoa. 
The day spermatozoa were found was designated day 
0 of gestation, and the timed-pregnant rats were sub- 
sequently housed singly unul day 20 to 21 of pregnancy 
(parturition occurs on day 22 of gestation). Age- 
matched, unbred, cycling females were also used as 
nonpregnant Wistar-Kyoto and spontaneous hyperten- 
sive rats. 

On the day of experimentation the rats were kiled 
by decapitation. A midline abdominal incision was 
made, and catheters (0.025 inch inside diame- 
ter X 0.040 inch outside diameter) were inserted into 
each iliac artery just distal to the abdominal aorta bi- 
furcation and advanced into the femoral arteries. The 
catheters were tied securely in place with sutures; each 
hind limb was gently flushed with 0.9% phosphate- 
buffered (pH 7.4) saline solution. The hind limbs were 
sectioned from the body and placed in water-jacketed 
chambers (Radnotti Glass Technology, Inc., Monrovia, 
Calif.), maintained at 37° C, and perfused at a conszant 
flow rate of 4.0 ml/minute with Krebs’ solution by 
means of a peristaltic pump (Gilson minipuls 2, Gilson 
Electronics, Inc., Middleton, Wisc.). The elapsed time 
from decapitation to initiation of perfusion was 1) to 
12 minutes. The Krebs’ solution composition was as 
follows (mmol/L): sodium chloride, 112; potassium 
chloride, 5.0; sodium biphosphate, 1.0; magnesium sul- 
fate, 1.2; calcium chloride, 2.5; sodium bicarbonate, 25; 
ethylenediaminetetraacetic acic, 0.026; D(+) glucose, 
11.2; and sodium indomethacin, 0.01. The Krebs’ so- 
lution was continuously aerated with 95% oxygen—5% 
carbon dioxide and warmed to 37° C. Perfusion pres- 
sure was measured with a pressure transducer (Statham 
P23Gb, Gould Electronics, Inc., Cleveland) via a side- 
arm catheter connected to a T in the perfusion catheter 
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just proximal to the femoral artery and continuously 
recorded with a physiologic paper chart recorder 
(Gould 22008, Gould). 

After a 30-minute perfusion period to wash out blood 
and allow perfusion pressure to stabilize, baseline per- 
fusion pressure was measured, one hind limb was per- 
fused with Nw-monomethyl-L-arginine (1074 mol/L), 
and the other was perfused with 0.9% phosphate buff- 
ered saline solution (untreated hind limb) by means of 
a dual-channel syringe pump (Harvard Apparatus, 
South Natick, Mass.). After 15 minutes, perfusion pres- 
sure was measured again and both hind limbs were 
infused with norepinephrine (107° to 10-4 mol/L) or 
angiotensin II (107'° to 107° mol/L) by means of the 
syringe infusion pump to determine the concentration- 
pressor responses. Each concentration of norepineph- 
rine or angiotensin IT was infused until perfusion pres- 
sure stabilized (3 to 5 minutes); perfusion pressure was 
allowed to return to preinfusion levels between con- 
centrations (5 to 10 minutes). Separate pairs of hind 
limbs were used for the determination of norepineph- 
rine and angiotensin II concentration-pressor re- 
sponses. 

Krebs solution was prepared with analytic grade 
chemicals (J.T. Baker, Inc., Phillipsburg, N.J.) dissolved 
in deionized water (Continental Type I Water System, 
San Antonio). Sodium indomethacin (Sigma Chemical 
Co., St. Louis) was dissclved in absolute ethanol for 
addition to the Krebs solution. Norepinephrine bitar- 
trate, angiotensin II (Sigma), and Nw-monomethyI-L- 
arginine (Peninsula Laboratories, Inc., Belmont, Calif.) 
were dissolved in 0.9% phosphate-buffered saline so- 
lution for infusion. . 

The data are expressed as mean + SEM. The nor- 
epinephrine and angiotensin II concentration-pressor 
response curves were generated from the maximum 
increase in perfusion pressure at each concentration of 
norepinephrine and angiotensin II. Perfusion pressure 
(baseline and after Nw-monomethyl-L-arginine or sa- 
line infusion) was analyzed by one-factor analysis of 
variance; differences between means were determined 
post hoc with the Scheffé F test. The norepinephrine 
and angiotensin I] concentration-pressor response 
curves were analyzed by two-factor analysis of variance, 
with one repeated measure; differences between means 
were determined by the least-squares means method. 
The 95% confidence level was accepted as statistically 
significant for all analyses. 


Results 


There were no significant differences in baseline per- 
fusion pressure between the nonpregnant and preg- 
nant hind limbs of either the hypertensive spontaneous 
hypertensive rats or normotensive Wistar-Kyoto rats 
(Fig. 1). Although Nw-monomethyl-L-arginine treat- 
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Fig. 1. Perfusion pressure of nonpregnant and pregnant Wistar-Kyoto (WKY, left) and spontaneous 
hypertensive rats (SHR, right) hird limbs after 15 minutes of infusion of Nw-monomethyl-L-arginine 
(L-NMA, 107? mol/L) or saline solution (untreated). 


ment tended to increase perfusion pressure slightly in 
all hind limbs, there were no significant ditferences in 
perfusion pressure between untreated and Nw-mono- 
methyl-L-arginine—treated hind limbs at the end of the 
15-minute treatment period. 

Although vascular reactivity to norepinephrine in the 
spontaneous hypertensive rats hind limbs {ECs = 0.8 
wmol/L; Emx = 270 mm Hg) was greater than that in 
the Wistar-Kyoto hind limbs (EC; = 1.0 pmol/L; 
Ema = 210mm Hg), pregnancy was not associated with 
a blunting of vascular norepinephrine reactivity; Nw- 
monomethyl-L-arginine treatment slightly but insignif- 
icantly increased vascular norepinephrine reactivity in 
all hind limbs (data not shown). 

The angiotensin IT concentration—pressor response 
curves for nonpregnant and pregnant Wistar-Kyoto 
and spontaneous hypertensive rats are shown in Figs. 
2 and 3, respectively. Angiotensin IT vascular reactivity 
was considerably increased in the hind limbs of the 
hypertensive spontaneous hypertensive rats compared 
with those of normotensive Wistar-Kyoto rats; preg- 
nancy was associated with a significant decrease in an- 
giotensin I] reactivity in the hind limbs of both strains. 
Furthermore, inhibition of endothelium-derived relax- 
ing factor synthesis with Nw-monomethyl-L-arginine 
resulted in a significant increase in vascular angiotensin 
IJ reactivity in the hind limbs of the pregnant, but not 
the nonpregnant, rats. Thus there were no significant 
differences in vascular angiotensin II reactivity between 
Nw-monomethyl-L-arginine—treated nonpregnant and 
pregnant Wistar-Kyoto (Fig. 2) and spontaneous hy- 
pertensive rats (Fig. 3) hind limbs. 


Comment 


The laboratory rat is considered a good model in 
which to study maternal cardiovascular adaptations to 
pregnancy. Although the timing differs, the hemody- 
namic changes that occur during gestation are 
remarkably similar to those seen in human preg- 
nancy.” '*'? Furthermore, the genetically hypertensive 
spontaneous hypertensive rat retains the ability to va- 
sodilate normally during pregnancy in spite of an ini- 
tially high total peripheral vascular resistance, resulting 
in a profound decrease in blood pressure to normo- 
tensive levels by term.” Thus spontaneous hypertensive 
rats are uniquely suited for the study of the regulation 
of maternal vascular tone and reactivity during preg- 
nancy. 

We” and other investigators® ' 18 have shown 
previously that, as in humans, angiotensin I] causes 
decreased pressor responses in pregnant compared 
with nonpregnant rats. Although suggestive of de- 
creased vascular reactivity to angiotensin II, other fac- 
tors such as dilution resulting from increased plasma 
volume (which occurs during pregnancy), altered reflex 
effects on cardiac output, and effects on the kidney and 
central nervous system could account for the blunted 
pressor response. However, the present results with the 
isolated perfused hind limb show unequivocally that 
resistance vascular reactivity to angiotensin II is re- 
duced during pregnancy in both normotensive Wistar- 
Kyoto (Fig. 2) and hypertensive spontaneous hyper- 
tensive rats (Fig. 3). 

It is now clear that the endothelium plays a promi- 
nent but highly complex role in the regulation of vas- 
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Fig. 2. Changes in perfusion pressure induced by angiotensin I] in nonpregnant (n = 7 pairs) and 
pregnant (n = 7 pairs) Wistar-Kyoto (WEY) hind limbs after 15 minutes of infusion with 107* 
mol/L. Nw-monomethyl-L-arginine (L-NMA, right) or saline solution (left). Asterisk, p = 0.05, non- 


pregnant vs pregnant. 


cular reactivity by producing several potent, locally ac- 
tive vasodilator substances in response to many vaso- 
constrictor agonists.” * Some investigators have 
speculated that increased local synthesis and release of 
PGI, could play a role in blunting vascular reactrvity 
during gestation. Experimental evidence is confliczing 
and inconclusive, however. Paller® showed that inhibi- 
tion of prostaglandin synthesis with meclofenamate in- 
creased the pressor-responsiveness to angiotensin IH, 
arginine vasopressin, and norepinephrine of pregnant 
rats toward that seen in nonpregnant rats. However, 
the rats were only allowed to recover from surgical 
anesthesia for | hour before experimental use. In more 
recent studies with chronically catheterized rats,'* "° in- 
domethacin treatment failed to restore the blunted 
pressor response to angiotensin IJ and norepinephrine 
seen in pregnancy. 

Endothelium-derived relaxirg factor, an even more 
potent vasodilator than PGI,, is also produced in re- 
sponse to vasoconstrictor stimulation. It has now been 
identified as nitric oxide (or a nitric oxide—releasing 
precursor) derived from the amino acid L-arginine an- 
alogues of L-arginine such as Nw-monomethyl-L-argi- 
nine specifically inhibit endothelium-derived relaxing 
factor synthesis.” It is extremely labile (f = 3 to 6 
seconds) and freely diffuses into the vascular smcoth- 


muscle cells, where it activates soluble guanylate cyclase 
and increases production of 3'5’ guanosine mono- 
phosphate with resultant relaxation.’® Thus it ts ideally 
suited to the role of local modulator of vascular tone 
and vasoconstrictor reactivity. Previously, we reported 
that intravenous adminis-ration of Nw-monomethyl-L- 
arginine increased the pressor responses to bolus doses 
of angiotensin II of pregnant, but not nonpregnant, 
normotensive Wistar-Kyoto and spontaneous hyper- 
tensive rats, such that they were no longer significantly 
different between pregnant and nonpregnant rats after 
treatment. These results are in complete agreement 
with the present results with the isolated perfused hind 
limb vasculature in whicn endothelium-derived relax- 
ing factor synthesis inhibition with Now-monomethyl-L- 
arginine increased the pregnant hind limb angiotensin 
II reactivity such that it was not significantly less than 
that of the nonpregnant hind limbs of both strains 
(Figs. 2 and 3). Furthermore, because the Krebs’ per- 
fusion solution contaimed indomethacin, the No- 
monomethyl-L-arginine cugmentation of vascular reac- 
tivity to angiotensin II is not the result of increased 
production of vasoconstrictor prostaglandins. 
Vascular reactivity to norepinephrine, on the other 
hand, was not significantly reduced in the pregnant 
compared with the nonpregnant Wistar-Kyoto or spon- 
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Fig. 3. Changes in perfusion pressure induced by angiotensin I] in nonpregnant (vn = 6 pairs) and 
pregnant (x = 6 pairs) spontaneous hypertensive rats (SHR) hind limbs after 15 minutes of infusion 
with 107* mol/L Nw-monomethyl-L-arginine (L-NMA, right) or saline solution (left). Asterisk, p S 0.05, 


nonpregnant vs pregnant. 


taneous hypertensive rat hind limbs. In contrast, sev- 
eral other investigators have demonstrated that the 
. whole-body pressor responses to norepinephrine are 
reduced in pregnant compared with ncnpregnant 
rats.> 14 16 Moreover, Crandall et al.'? recently demon- 
strated that pregnancy was associated with a reduction 
in rat splanchnic resistance sized vascular sensitivity to 
exogenous norepinephrine and transmural nerve stim- 
ulation in vitro. The reason we were not able to show 
a decrease in norepinephrine sensitivity in the isolated 
perfused hind limb of pregnant Wistar-Kyoto and 
spontaneous hypertensive rats is not known; it may be 
that pregnancy does not significantly modulate respon- 
siveness to a-adrenergic stimulation in this vascular 
bed. It is well known that sensitivity to different agonists 
varies considerably throughout the vascular tree, and 
it is logical to speculate that vascular reactivity to specific 
agonists may also be modulated differently in different 
vascular beds during pregnancy. For example, Mc- 
Laughlin et al.” showed that pregnancy was associated 
with an increase, rather than a decrease, in phenyl- 
ephrine (c,-adrenergic agonist) reactivity in the in situ 
perfused hind limb of the ewe, although angiotensin 
Il reactivity was reduced. These results and ours 
strongly indicate that pregnancy is not associated with 
a generalized reduction in reactivity to all vasoconstric- 


tors throughout all vascular beds in the body. The 
change in vascular responsiveness during pregnancy 1s, 
therefore, dependent on the agonist used, the vascu- 
lature being studied, and the conditions under which 
it is being studied. 

In summary, pregnancy blunting of angiotensin II 
pressor responses in vivo may be caused in part by 
increased vascular endothelium production of endo- 
thelium-derived relaxing factor, which modulates re- 
sistance vascular reactivity to angiotensin II, at least in 
the rat. In addition, pregnancy may not be associated 
with generalized vascular refractoriness to all vasocon- 
strictors in all vascular beds throughout the body. 


We thank Mr. Edgar Cannon for his technical assis- 
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statistical analysis of the data. We also thank Ms. Re- 
becca Jorgensen for her assistance in the preparation 
of the manuscript. 
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The effect of tocolytic agents (indomethacin and terbutaline) 
on fetal breathing and body movements: A prospective, 
randomized, double-blind, placebo-controlled clinical trial 


Mordechai Hallak, MD, Kenneth J. Moise, Jr., MD, Noe Lira, MD, Karen F. Dorman, RN, 


E. O’Brian Smith, PhD, and David B. Cotton, MD 
Houston, Texas 


OBJECTIVE: The null hypothesis of this study is that maternal administration of indomethacin or 


terbutaline will not affect fetal breathing and body movements. 


STUDY DESIGN: Thirty patients with a low-risk pregnancy, gestational age 26 to 32 weeks, and no signs 
of preterm labor were randomly assigned to receive either terbutaline (5 mg), indomethacin (50 mg), or a 
placebo. Ultrasonographic evaiuation of fetal breathing and body movements was performed for 1 hour 
before and 1 hour after treatment. The total amount of time of fetal breathing and body movements in 
each group was subject to statistical analysis that included analysis of variance and covariance and a 


multiple comparison procedure. 


RESULTS: Indomethacin increased fetal breathing from 20.8 + 13.1 minutes to 42.2 + 14.8 minutes 
{p < 0.01), whereas terbutaline increased fetal breathing movements from 19.8 + 9.0 minutes to 

35.2 + 12.4 minutes (p < 0.01). No significant treatment effect was detected on fetal body movements. 
CONCLUSION: Between 26 and 32 weeks’ gestation, a single dosage of indomethacin or terbutaline 
increases fetal breathing movements by 103% and 78%, respectively. (AM J OBSTET GYNECOL 


1992;167:1059-63.) 


Key words: Tocolytic agents, indomethacin, terbutaline, fetal breathing, fetal body 


movements 


The prostaglandin synthetase inhibitors are used 
during pregnancy, mainly for inhibition of preterm la- 
bor.' Prostaglandin synthetase inhibitors (e.g., meclo- 
fenamate, indomethacin) have been shown to cause a 
significant decrease in prostaglandin E; (PGE) in fetal 
sheep with an associated increase in fetal breathing 
movements. The addition of PGE, reverses the effect 
on breathing of prostaglandin synthetase inhibitors.” 

Terbutaline, an adrenergic -sympathomimetic 
agent, is another agent that is widely used for the treat- 
ment of preterm labor. It has been shown that cate- 
cholamines such as epinephrine, norepinephrine, or 
isoproterenol stimulate fetal breathing movements dur- 
ing slow infusion into fetal lambs.* However, terbuta- 
line’s effect on human fetal breathing and body move- 
ments has not been studied. 
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Because two of the important tools to evaluate fetal 
well-being are fetal breathing and body movements, 
any change in these parameters will influence the as- 
sessment of the fetal status and subsequent patient 
management. An increase in the incidence of fetal 
breathing and body movements in patients treated 
either with prostaglandin synthetase inhibitors or ter- 
butaline could have significant ramifications for eval- 
uation of fetal status when techniques like the bio- 
physical profile are used. 

Therefore this study was initiated to evaluate the 
effects of indomethacin and terbutaline on human fetal 
breathing and body movements. 


Material and methods 


The study protocol was approved by the Human In- 
vestigational Review Boards of Baylor College of Med- 
icine and the Harris County Hospital District. Written 
informed consent was obtained by the principal inves- 
tigator before enrolling each patient in the study. 

Thirty patients were included in the study popula- 
tion. To study the pure effect of prostaglandin synthe- 
tase inhibitors and ®-sympathomimetic agents on fetal 
breathing and body movements, it was crucial to elim- 
inate confounding variables such as active labor, diur- 
nal variation, and alterations in maternal glucose, Pos, 
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Table I. Demographic data (mean + SD) 
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Indomethacin Placebo Terbutaline 
(n = 10) (n = 10) (n = 10) p Value 


Age (yr) 23.6 + 4.9 23.9 + 6.8 21.5 2:35 NS 
Height (in) 62.9 + 2.8 63.4 + 3.4 61.0 + 2.2 NS 
Weight (ib) 153 + 31.8 176 + 42.5 138 + 22.8 NS 
Race 
Hispanic 7 7 9 
Black 2 l l NS 
White ] 2 0 
Gravidity 1.8 + 0.8 2.0 + 1.5 2.4 + 1.6 NS 
Parity 0.6 + 0.7 0.6 + 1.0 L203 NS 
Gestational age (wk) 28.4 + 2.4 49:0: 22.0 28.0 + 2.2 NS 
NS, Not significant. 
Table II. Venous glucose and blood gas levels (mean + SD) 
Indomethacin Placebo Terbutaline 
(n = 10) (n = 10) (n = 10) p Value 
Pretreatment 
Glucose (mg/dl) 84.8 + 14.2 94.0 + 16.1 81.3 + 6.8 NS 
pH 7.4 + 0.02 7.4 + 0.05 7.4 + 0.02 NS 
Po, (mm Hg) 69.1 + 17.4 71.7 + 16.0 69.6 + 15.4 NS 
PCO, (mm Hg) 34.3 + 3.5 34.5 + 1.7 34.9 + 3.4 NS 
Posttreatment 
Glucose (mg/dl) 87.3 + 13.1 79.6 + 10.6 89.9 + 15.5 NS 
H 7.4 + 9.02 74 + 0.02 7.4 + 0.01 NS 
Po, (mm Hg) 75.6 + 22.6 74.4 +129 81.2 + 19.4 NS 
Pco, (mm Hg) 32.5 + 3.0 32.4 + 2.] 31.6 + 4.5 NS 


NS, Not significant. ` 


cO and pH. To standardize these criteria our pop- - 


ulation consisted of routine obstetric clinic patients who 
met the following criteria: (1) normal, singleton, low- 
risk pregnancy, (2) normal level I ultrasonography, (3) 
gestational age 26 to 32 weeks by reliable menstrual 
dating or early ultrasonography, and (4) no signs of 
preterm labor. Exclusion criteria included (1) allergy 
to indomethacin or terbutaline, (2) history of peptic 
ulcer disease, and (3) history of heart disease or carciac 
arrhythmia. 

Level II ultrasonography was performed in each pa- 
tient to assess gestational age, presence of abnormali- 
ties, and number of fetuses. After meeting study Tri- 
teria and acceptance into the study, a heparin lock was 
placed and maternal venous blood for glucose and 
blood gases was drawn at the start, middle, and enc of 
each of the evaluation periods. At a consistent time of 
the day (9 AM), a baseline evaluation of fetal breathing 
and body movements was performed over 1 hour with 
continuous video tape recording with an Aloka -680 
(Corometrics, Inc., Wallingford, Conn.). The patients 
were then randomized to one of three groups on the 
basis of a computer-generated randomization table. 
The patients in one group received one capsule of zer- 
butaline (5 mg), those in the second group received 
indomethacin (50 mg), and those in the third group 


received a placebo (prenatal vitamin). The three groups 
of capsules were previously prepared and coded by a 
pharmacist so that they were all identical in appearance. 
Three hours later repeat evaluation of fetal breathing 
and body movements was performed for another 1- 
hour period. All patients were asked to have similar 
breakfasts before arrival to the hospital and were pro- 
vided with identical snacks in between the two study 
periods. 

The total duration of fetal breathing and body move- 
ments before and after treatment was measured by 
stopwatch during viewing of the video tape recording 
by a blinded investigator (K.F.D.). At the end of the 
study the code was broken and fetal breathing and body 
movements before and after administration of the med- 
ication were compared in the control and study groups. 

Treatment groups were compared with respect to the 
demographic variables and preoperative and posttreat- 
ment measures of glucose, pH, Po,, PCO,, fetal move- 
ments, and fetal breathing with analysis of variance 
except gravidity and parity (for which a nonparametric 
procedure was used, Kruskal-Wallis) and race (for 
which a x’ test was used). Analysis of covariance was 
used to compare treatment groups with respect to post- 
treatment fetal breathing and body movements, with 
pretreatment fetal breathing and body movements 
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Table III. Effect of tocolytic agents on fetal movements (minutes, mean + SD) 


Indomethacin 
(n = 10) 
Pretreatment 10.7 + 5.1 
Posttreatment 11.2 + 3.3 
Change (posttreatment to pretreatment) 0.5 + 3.4 
p value within groups NS 


NS, Not significant. 


Placebo Terbutaline b value 
(n = 10) (n = 10) between groups 
12.4 + 3.1 14.3 + 8.9 NS 
12.2 + 6.3 13.5 + 6.1 - NS 
—0.2 + 5.5 —0.8 + 7.4 NS 
NS NS 


Table IV. Effect of tocolytic agents on fetal breathing movements (minutes, mean + SD) 


Indomethacin 
(in = 10) 
Pretreatment 20.8 + 13.) 
Posttreatment 49.2 + 14.8 
Change (posttreatment to pretreatment) 21.4 + 16.9 
p value within groups 0.003 





NS, not significant. 
*Placebo less than both indomethacin and terbutaline. 


used as covariants along with the demographic vari- 
ables listed. Posttreatment measures of glucose, pH, 
Po, and Pco, were then included with the demo- 
graphic variables as covariants in a second analysis of 
covariance. This second analysis was done to determine 
the independent effect of treatment on fetal breathing 
and body movements over and above any possible in- 
termediary effects that treatment might have had on 
glucose, pH, Po» and Pco,. If analysis of covariance 
indicated statistically significant differences between 
treatment groups, then a multiple comparison proce- 
. dure (Fisher’s least significant difference) was applied 
to determine which groups were different. Within- 
treatment comparisons were done with paired ¢ tests. 
A value of p < 0.05 was considered significant. 


Results 


Ten patients were enrolled in each group. Table I 
shows the comparison of treatment groups with respect 
to baseline demographic variables. None of the vari- 
ables are statistically different. Table II shows the com- 
parison of groups with respect to pretreatment and 
posttreatment glucose, pH, Po, and Pco,. No statisti- 
cally significant treatment effects were detected in any 
of these analyses. Table [II shows the comparison of 
` groups with respect to fetal movements. No statistically 
significant treatment effects were detected either by 
ordinary analysis of variance or by analysis of covari- 
ance. Likewise, there were no significant differences 
between pretreatment and posttreatment measures 
within any of the groups. Table IV demonstrates treat- 
ment comparisons relative to fetal breathing move- 
ments. Highly significant treatment effects were de- 
tected by both analysis of variance and analysis of co- 


Placebo p Value 
(n = 10) (n = 10) between groups 
20.7 + 11.8 19.8 + 9.0 NS 
18.6 + 15.1 $5.2 + 12.4 0.003 (0.001)* 
—2.J + 22.9 15.4 + 14.5 0.02* 
NS 0.008 


variance for posttreatment fetal breathing movements. 
Subsequent analysis with a multiple comparison pro- 
cedure indicated that both indomethacin and terbu- 
taline were different from placebo. Within treatment 
group comparisons indicated significant before treat- 
ment versus after treatment differences for indometh- 
acin and terbutaline and, as expected, none for placebo. 
Indomethacin increased fetal breathing movements by 
103% (p = 0.003), whereas terbutaline increased fetal 
breathing movements by 78% (p = 0.008) when com- 
pared with the pretreatment value. 


Comment 


Our study is the first prospective, randomized, pla- 
cebo-controlled clinical trial that demonstrates the ef- 
fect of indomethacin and terbutalme on human fetal 
breathing and body movements. We found that a pros- 
taglandin inhibitor and sympathomimetic stimulation 
increased fetal breathing. 

On the basis of current literature, many variables can 
affect fetal breathing and body movements. During ac- 
tive labor a marked reduction of fetal breathing and 
body movements occurs as the fetal plasma concentra- 
tion of PGE, increases.** ° Animal and human studies 
have shown diurnal variation in fetal breathing.* From 
a nadir in the early morning fetal breathing gradually 
increases to a maximum in the late evening. Maternal 
hypoglycemia tends to decrease and hyperglycemia to 
increase fetal breathing. For this reason it is better 
clinically to measure fetal breathing during the second 
and third hours after a maternal meal or glucose load.” 
Maternal hypocapnia decreases and hypercapnia tn- 
creases fetal breathing.’*"* Fetal breathing and body 
movements are oxygen consuming activities.’? Studies 
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performed on fetal sheep have shown that gradually 
decreasing the Po, causes a reduction to complete ces- 
sation of fetal breathing and body movements,” per- 
haps by a mechanism of reduced mitochondrial pro- 
duction of adenosine 5’-triphosphate.” The current 
study design controlled for all the above confounding 
variables including active labor, diurnal variation, and 
alterations in maternal glucose, PO», Pco,, and pH. 

Many studies, especially in sheep, have demonstrated 
the inhibitory effect of prostaglandin on fetal breath:ng 
and body movements and suggested that prostaglan- 
dins are important physiologic regulators of fetal 
breathing and body movements in utero. **** Cne 
controlled, double-blind study demonstrated a reduc- 
tion of up to 65% in human fetal breathing and bady 
movements after treating the mother with vaginal tab- 
lets of PGE, for induction of labor.”® 

Infusion of prostaglandin synthetase inhibitors tas- 
pirin, indomethacin, meclofenarnate) to fetal sheep has 
been shown to cause a significant increase in fetal 
breathing movements associatec with a significant fall 
in PGE, levels.*” Doany et al.” induced isocapnic ay- 
poxia for 1 hour in normal fetal sheep. By decreas_ng 
the Pao, by 10 mm Hg, the duration of fetal breath.ng 
movements was decreased from 50% to 14%. The ad- 
dition of aspirin before the hypoxia blunted the de- 
pressing effect of hvpoxia on fetal breathing move- 
ments. Our study clearly demonstrates the direct end 
independent effect of indomethacin on human fetal 
breathing. It significantly increases the amount of time 
the fetus spends breathing. 

Terbutaline, an adrenergic -sympathomimetic 
agent, was also shown in the current study to increase 
human fetal breathing. Infusion of epinephrine, nor- 
epinephrine, or isoproterenol into the fetal lamb nas 
been shown to stimulate fetal breathing.® Breathing be- 
came more vigorous and was present more often. ‘This 
animal study is consistent with the results of our study 
in humans. l 

Our study failed to show any treatment effect of in- 
domethacin and terbutaline on Tetal body movements. 
Different anatomic areas in the brain are in control of 
the various biophysical activities. The ventral surface 
of the fourth ventricle generates impulses that start 
fetal breathing activity, whereas zhe cortex is the source 
that initiates fetal movements.” It has been suggested 
that variation in the sensitivity of these brain areas to 
different agents may exist.” This could also be the ex- 
planation why in our study indomethacin and teru- 
taline had an effect on fetal breathing but no effect on 
fetal movements. 

In conclusion, our study showed that indomethacin 
and terbutaline increased fetal breathing but had no 
significant effect on fetal movements. In light of these 
findings, when interpreting the biophysical profile m a 


October 1992 
Am J Obstet Gynecol 


patient treated with indomethacin or terbutaline, one 
should consider any drug effects before making a de- 
cision to act or change management. However, we 
would like to emphasize that our study population con- 
sisted of patients between 26 and 32 weeks’ gestation 
that received only a single dosage of tocolytic agents. 
It is possible that during long-term therapy, as is used 
for treating preterm labor, fetal breathing movements 
would eventually return to a normal level. It is also 
possible that fetuses in the gestational age range beyond 
32 weeks might have a different response to tocolytic 
agents. Undoubtedly, more work should be done to 
address these issues. 
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Properties of an endogenous arachidonic acid—elicited relaxing 
mechanism in human placental vessels 


Hatim A. Omar, MD,’ Reinaldo Figueroa, MD,” Rawhi A. Omar, MD, PhD,‘ and 


Michael S. Wolin, PhD? 
Valhalla, New York, and Morgantown, West Virginia 


OBJECTIVE: Our objective was to examine the action of arachidonic acid on tone in isolated human 
placental arteries and veins (1 to 2 mm diameter) for mechanisms involving endothelium-derived 
mediators, the stimulation of guanylate cyclase, and prostaglandin and cytochrome P450 metabol tes. 
STUDY DESIGN: Pharmacologic probes and endothelium-removal were used to examine the mechanism 
of relaxation to arachidonic acid (10 nmol/L to 10 pmol/L) observed in placental arteries and veins 
obtained after delivery from uncomplicated term pregnancies and precontracted with prostaglandin Fz.. 
RESULTS: Neither removal of the endothelium nor inhibition of prostaglandin biosynthesis with 10 pmol/L 
indomethacin, arginine-derived nitric oxide formation with 30 pmol/L nitro-L-arginine, or guanylate cyclase 
stimulation with 10 pmol/L LY83583 altered the observed relaxation to arachidonic acid in either 
preparation. However, this relaxation was markedly attenuated by 30 pmol/L proadifen (SKF-525A), an 
inhibitor of cytochrome P450, suggestive of a role for arachidonic acid metabolism by an epoxygenase or 


monooxygenase pathway. 


CONCLUSION: Human placental areries and veins possess an endogenous mechanism of relaxation to 
arachidonic acid, which seems to be mediated by metabolites formed by a cytochrome P450 enzyme. This 
endogenous relaxation mechanism could function as a suppressor of vasospasm in the placental 


circulation. (AM J OBsTET GYNECOL 1992;167:1064-70.) 


Key words: Arachidonic acid, cytochrome P450, endothelium-dependent relaxation, 


placental vessels, prostaglandins 


Arachidonic acid has been demonstrated to regulate 
vascular tone through a variety of mechanisms, includ- 
ing by stimulation of the release of vasoactive mediators 
from the vascular endothelium and by its oxidative me- 
tabolism to vasoactive metabolites. In several isolated 
vascular preparations arachidonic acid has been shown 
to cause the release of a nonprostaglandin cyclic-gua- 
nosine 3'-5’-monophosphate—associated endothelium- 
derived factor (EDRF),’* which is now thought to be a 
nitric oxide—like species derived from the metabolism 
of L-arginine.** There is also evidence that arachidonic 
acid can be metabolized by cyclooxygenase or cyto- 
chrome P450 enzymes present in isolated vascular 
preparations to generate dilator metabolites.*’ 

Initial studies in human placental tissues concen- 
trated on studying prostaglandins synthesized by the 
cyclooxygenase pathway. Human umbilical artery strips 
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were found to contract to prostaglandin E», prosta- 
glandin F,, (PGF), and the prostaglandin endoper- 
oxides prostaglandin G, and prostaglandin Hsg.* 
Thromboxane A, was found to produce a potent con- 
traction of the isolated human umbilical artery.’ Sub- 
sequently, the effects of arachidonic acid itself on vas- 
cular tone were studied znd found to be constriction 
of the isolated human umbilical vein and vasodilation 
in the human placental Icbule.’® Inhibition of PG bio- 
synthesis with indomethacin was found to reduce the 
constrictor effect of arachidonic acid in human umbil- 
ical veins by 67% and the vasodilator effect in human 
placental lobule by 37%.: 

Umbilical vascular tissue appears to have the capacity 
to produce a relaxing fector with the properties of - 
EDRF, but is not yet clear whether this mediator has a 
role in the control of vascular tone in the umbilical- 
placental circulation. When exposed to agents that typ- 
ically cause the release of EDRF (1e., acetylcholine and 
the calcium ionophore A23187), isolated precontracted 
human umbilical arteries and veins do not show dif- 
ferences in their responses between endothelium-intact 
and endothelium-denuded vessels.'’ By means of su- 
perfusion techniques culzured human umbilical vein 
endothelial cells have been found to release an EDRF 
in response to histamine, A23187, and adenosine 5’- 
triphosphate but not in response to acetylcholine.” 
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More recently, with cascade superfusion techniques, 
histamine, bradykinin, and A23187, but not acetylcho- 
line, were found to release EDRF from human umbil- 
ical veins," which elicited a detectable relaxation of iso- 
lated umbilical and chorionic plate arteries, although 
the response was diminished when compared with 
other types of vascular tissue.” 

In this study we examined the effects of arachidonic 
acid on isolated human placental vessels and used sev- 
eral probes to determine the possible mechanism of 
action of arachidonic acid on these vessels. We also 
studied the effects of several EDRF-releasing agents on 
these vessels. 


Methods 


Tone measurements. Placentas from uncomplicated 
term pregnancies were obtained immediately after vag- 
inal or cesarean delivery and placed in ice-cold saline 
solution. Arteries and veins were then dissected from 
the peripheral half of the fetal side of the chorionic 
plate within 1 hour of delivery and placed in ice-cold 
Krebs-bicarbonate buffer (pH 7.4) containing the fol- 
lowing: sodium chloride, 118 mmol/L; potassium chlo- 
ride, 4.7 mmol/L; calcium chloride, 1.5 mmol/L; so- 
dium bicarbonate, 25 mmol/L; magnesium sulfate, 1.1 
mmol/L; potassium phosphate, 1.2 mmol/L; and glu- 
cose, 5.6 mmol/L. The vessels were then cleaned care- 
fully from surrounding tissue and cut, with a new scal- 
pel, into rings with extreme care to avoid damage to 
the endothelium. The vessels rings, 1 to 2 mm in di- 
ameter and 2 mm in width, were mounted on wire 
hooks attached to Grass force displacement transducers 
(FTO3) for measurement of changes in isometric force. 
Vessels were incubated in 10 ml baths (Metro Scientific), 
which were individually temperature controlled (37° C), 
in Krebs buffer gassed with 95% oxygen and 5% carbon 
dioxide. Tension was adjusted to 5 gm, which we found 
to be the optimal passive force for maximal contraction. 
Changes in force were recorded on a Grass polygraph 
(model 7). Some of the rings were endothelium de- 
nuded by gently rubbing the lumen of the vessel with 
the wooden handle of a cotton swab for about 40 sec- 
onds. In most experiments the retention or removal of 
the endothelium was confirmed by routine hematox- 
ylin-eosin staining or immunostaining for factor VIII 
antigen with a commercial staining kit (Dako Corp., 
Santa Barbara) and using standard protocols, which we 
have routinely used for detection of various antigens." 
After a 2-hour equilibration at the optimal passive ten- 
sion, the vessels were depolarized with Krebs-bicarbon- 
ate solution containing potassium chloride (123 
mmol/L) in place of sodium chloride. This treatment 
produces maximal contraction and enhances the re- 
producibility of subsequent contractions. The vessels 
were then reequilibrated with Krebs-bicarbonate so- 
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lution for 30 minutes before experiments were con- 
ducted. 

Exposure of placental vessels to arachidonic acid. 
The vessels were precontracted with 1 to 3 pmol/L 
PGF,, to ~IS gm of force, tone was allowed to achieve 
a steady-state level, and then cumulative doses of ara- 
chidonic acid (0.01 to 10 pmol/L) were added to the 
organ baths, with a 5-minute period allowed between 
doses. After the highest dose was added, the experi- 
ment was completed. Some of the vessels were pre- 
treated with 10 pmol/L indomethacin, 10 pmol/L 
LY83583, 30 pmol/L nitro-L-arginine, or 30 pmol/L 
proadifen (SK&F 525-A) for 15 minutes, and the others 
were used as controls. Dilutions of PGF,, and arachi- 
donic acid were made in distilled-deionized water, and 
10 yl aliquots were added to the 10 ml baths as indi- 
cated. Indomethacin and LY83583 were dissolved in 
absolute ethyl alcohol and dimethylsulfoxide, respec- 
tively, and 10 wl from these solutions was added to the 
bath. Vehicle controls with 10 pl of ethyl alcohol or 
dimethylsulfoxide were done for all vessels in the in- 
domethacin-treated or LY83583-treated groups. Nitro- 


„L-arginine and proadifen were dissolved in distilled- 


deionized water. — 

Exposure of placental vessels to EDRF-releasing 
agents. The vessels were precontracted with 1 to 3 
umol/L PGF, to ~1.5 gm of force, tone was allowed 
to achieve a steady-state level, and then cumulative 
doses of EDRF-releasing agents were added to the or- 
gan baths, allowing a 5-minute period between doses. 
After the highest dose was added the experiment was 
completed. The EDRF-releasing agents used were cal- 
cium ionophore A23187 (0.01 to 1 pmol/L), adenosine 
5'-triphosphate (1 pmol/L to 1 mmol/L), thrombin (0.1 
to 1 mU), and acetylcholine (0.01 to 10 mol/L). Di- 
lutons of PGF», adenosine 5’-triphosphate, thrombin, 
and acetylcholine were made in distilled-deionized wa- 
ter, and 10 pl aliquots were added to the 10 ml baths. 
Calcium ionophore A23187 was dissolved in dimeth- 
ylsulfoxide and 10 yl aliquots were added to the 10 ml 
baths. Vehicle contro! with 10 pl of dimethylsulfoxide 
was done in the calcium ionophore A23178-treated 
BTOUD: 

Statistical analysis. Nonpaired (two- tailed) Student 
¢ test was used to compare individual responses between 
control and treated vessel groups. The accepted level 
of significance was p < 0.05. The number of experi- 
mental determinations in all cases is equal to the num- 
ber’of placentas from which a vessel ring was used for 
a treatment or control group. Data in the figures and 
table are depicted as means + SE. 

Materials. Acetylcholine chloride, adenosine 5’-tri- 
phosphate, arachidonic acid (sodium salt), calcium ion- 
ophore A23187, dimethylsulfoxide, indomethacin, ni- 


tro-L-arginine, and thrombin were purchased from 
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Fig. 1. Summary data showing effect of topical application of 0.01 to 10 pmol/L arachidonic acid 
(AA) on endothelium-intact (EC +) and endothelium-denuded (EC —) human plazental arteries (in- 
tactn = 13,denudec » = 12) and veins (inzactn = 12,denudedn = 12). No difference in relaxation 


was observed between groups. 


Sigma Chemical Company, St. Louis. PGF,, was pur- 
chased from Cayman Chemica. Company, Inc., Ann 
Arbor. 6-Anilino-5,8-quinolinedione was a gift from 
Lilly Research Laboratories, Indianapolis. Proadiien 
was generously provided by Smith Kline and French 
Laboratories, Philadelphia. Stock solutions of arachi- 
donic acid (10 mmol/L) were prepared in equimclar 
sodium carbonate and handled under nitrogen atrao- 
sphere until use. 


Results 


- Effect of endothelium on arachidonic acid—elicited 

responses. The addition of 0.01 to 10 pmol/L arachi- 
donic acid to placental vessels precontracted with I to 
3 wmol/L PGF». caused a concentration-dependent re- 
laxation. Comparison of the magnitude of relaxation 
with arachidonic acid at each concentration used be- 
tween endothelium-intact and endothelium-denuded 
arteries or veins did not detect a significant effect of 
the endothelium on the observed relaxation (Fig. 1). 
Thus relaxation to arachidonic acid is not dependent 
on mediators released from the endothelium. 

Effect of indomethacin on relaxation to arachidonic 
acid. Endothelium-intact arteries and veins pretreated 
with the inhibitor of prostaglandin formation, 10 
umol/L indomethacin, relaxed in a similar manner as 


the untreated vessels when exposed to 0.01 pmol/L to 
10 pmol/L arachidonic acid (Fig. 2). 

Effect of proadifen on relaxation to arachidonic 
acid. In endothelium-intact arteries pretreatment with 
the inhibitor of cytochrome P450, 30 pmol/L proadi- 
fen, caused significant inhibition (100%, 71%, and 48%) 


. of the relaxation to arachidonic acid (0.1, 1 and 10 


pmol/L, respectively) compared with untreated arter- 
ies (Fig. 3). Endothelium-intact veins pretreated with 
30 pmol/L proadifen also showed significant inhibition 
(76% and 59%) of the relaxation to arachidonic acid (1 
and 10 pmol/L, respectively) compared with untreated 
endothelium-intact veins ‘Fig. 3). 

Effect of probes for arginine-derived nitric oxide 
or cyclic-guanosine 3’-5’-monophosphate on relaxa- 
tion to arachidonic acid. Endothelium-intact arteries 
and veins pretreated with an inhibitor of the formation 
of the arginine-derived, nitric oxide—like mediator or 
guanylate cyclase stimulation, 30 pmol/L nitro-L-argi- 
nine or 10 pmol/L LY83583, respectively, also did not 
inhibit relaxation to arachidonic acid. As shown in Fig. ' 


4, endothelium-intact placental arteries and veins re- 


laxed in a similar manner as the untreated vessels when 


‘exposed to 10 pmol/L arachidonic acid. 


Effect of stimuli for endothelium-derived media- 
tors. When endothelium-intact and endothelium-de- 
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Fig. 2. Summary data showing relaxation of endothelium-intact (EC +) human placental arteries 
(n = 7) and veins (n = 6) on addition of arachidonic acid (AA) and effect of indomethacin treatment 
on this relaxation. No significant effect of indomethacin was observed. 


nuded arteries and veins were exposed to agents that 
generally produce the release of endothelium-derived 
mediators in other preparations, no consistent or sig- 
nificant relaxant effect on endothelium intact vessels 
was noted compared with endothelium-denuded ves- 
sels (Table I). 


Comment 


Human placental arteries and veins were observed 
in this study to undergo relaxation to arachidonic acid 
by an endothelium-independent mechanism that ap- 
pears to involve the generation of cytochrome P450— 
derived mediators. Our studies did not find evidence 
of a role for the production of endothelium-derived 
mediators, prostaglandins, arginine-derived metabo- 
lites, or a cyclic-guanosine 3’-5’-monophosphate mech- 
anism in the response to arachidonic acid. 

The absence of an effect of the endothelium on the 
relaxation to arachidonic acid is somewhat unexpected 
because cultured human umbilical vein endothelium is 
known to produce prostaglandins and other eicosa- 
noids on exposure to arachidonic acid.” Human um- 
bilical vein endothelium is known to release EDRF,’ ° 
and the micromolar concentrations of arachidonic acid 
used in this study should stimulate its release on the 
basis of the actions of arachidonic acid in other vascular 
preparations.'? It is logical to hypothesize zhat exposure 


of the placental arteries and veins resulted in the pro- 
duction of eicosanoids or EDRF from the endothelium, 
but the amounts produced were not sufficient to cause 
an observable vascular response. This interpretation 1s 
supported by previous observations on the relative in- 
sensitivity of umbilical and placental vessels to the ac- 
tions of EDRF" and our inability to detect endothe- 
lium-dependent relaxation in the placental vessels. 
(Table I). Consistent with these observations is the ab- 
sence of an effect on the relaxation to arachidonic acid | 
by inhibition of the biosynthesis of EDRF with nitro-L- 
arginine or inhibition of the cyclic-guanosine 3’-5'- 
monophosphate—mediated action of EDRF by 
LY83583. 

Prostaglandins were unexpectedly also not observed 
to contribute to the arachidonic acid—elicited relaxa- 
tion. This is surprising because placental and umbilical 
tissue are well known to produce prostaglandins,® '* '° 
and many of the prostaglandins formed are vasoactive 
in these tissues.*'* Y In addition, the placental circu- 
lation has been shown to possess prostaglandin elicited 
responses on exposure to arachidonic acid.? Moreover, - 
our recent studies on isolated human placental arteries 
and veins have uncovered an endothelium-indepen- 
dent contractile response to micromolar concentrations 
of hydrogen peroxide that is mediated by the endog- 
enous generation of contractile prostaglandins.’ Thus 
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Fig. 3. Summary data showing relaxation of endothelium-intact (EC +) human placental arteries 

(n = 7) and veins (n = 8) on addition of arachidonic. acid (AA) and effect of proadifen (SKEF 525- 

A) treatment on this relaxation. In the proadifen-treated arteries there was significant inhibition of 

relaxation when 0.1, 1 and 10 pmol/L arazhidonic acid was added, whereas significant inhibition 
_ of the relaxation to 1 and 10 pmol/L arachidonic acid was observed in veins. 


isolated human placental arteries and veins possess the 
ability to generate vasoactive levels of contractile pros- 
taglandins. An explanation for the absence of a role 
for prostaglandins in the response to arachidonic acid 
may be related to potential regulatory mechanisms that 
control the various pathways of arachidonic acid me- 
tabolism, because peroxides appzar to be essential co- 
factors for the activity of cyclooxygenase,” the enzyme 
that initiates prostaglandin biosynthesis. Alternatively, 
the isolated placental vessels may produce equivalent 
vasoactive levels of both relaxant and constrictor pros- 
taglandins on exposure to arachidonic acid, obscuring 
an effect of indomethacin on the response. 

In an attempt to identify the pathway through which 
the relaxation to arachidonic acid in human placenzal 
vessels occurs, we investigated the effects of the cyto- 
chrome P450 inhibitor proadifen to block the epoxy- 
genase-monooxygenase pathways of arachidonic acid 
metabolism. Proadifen significantly inhibited relaxa- 
tion to arachidonic acid, suggesting an involvement of 
cytochrome P450 and possibly a role for an epoxygen- 
ase- or monooxygenase-derived metabolite as a med.a- 
tor in the mechanism of relaxation. Because of the cb- 
served nonspecific effects of larger concentrations of 
proadifen, we could not determine if the relaxation to 


arachidonic acid was cornpletely mediated by cyto- 
chrome P450 or additional mechanisms not involving 
this enzyme. Rose et al.,'° in their study of monolayer 
cultures of human placenzal cells incubated with triti- 
ated arachidonic acid, found that the metabolites of 
arachidonic acid cochromatographed with metabolites 
of the epoxygenase pathway and there was inhibition 
of formation of these metzbolites by proadifen but not 
by indomethacin. Thus placental vascular tissue may 
have the capacity to generate cytochrome P450~de- 
rived metabolites of arachidonic acid; however, little is 
known regarding the metabolites generated by human 
placental arteries and veins and their actions on this 
vascular bed. | 

The metabolism of arachidonic acid by the epoxy- 
genase pathway was originally described in rat and rab- 
bit liver microsomes.”°* Cytochrome P450 in the pres- 
ence of reduced nicotinamide adenine dinucleotide 
phosphate and oxygen is needed for arachidonic acid 
to undergo oxidation to four epoxides, which are hy- 
drolyzed to form vicinal diols and perhaps trihydroxy 
acids. Recently a metabolite of the epoxygenase path- 
way (14,15-epoxyeicosatrienoic acid) has been identi- 
fied by high-performance liquid chromatography in 
human amnion, trophoblast, and umbilical’ vein en- 
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Fig. 4. Summary data showing absence of effect of 10 pmol/L LY83583 or 30 pmol/L nitro- 
L-arginine (NLA) on relaxation of endothelium-intact human placental arteries (n = 7) and veins 
(n = 8) on addition of 10 pmol/L arachidonic acid. 


Table I. Effect of agents known to release endothelium-derived relaxing factor on precontracted human 


placental arteries and veins 


Arteries 


Endothelium 
intact 


A23187 (1 pmol/L) 88 + 15 
(n = 6) 

Adenosine 5’-triphosphate 1+ 1 
(10 pmol/L) in = 3) 

Thrombin (] mU) I9 +5 
(n = 10) 

Acetylcholine (1 pmol/L) Pee 7. 


(n = 3) 


Veins 
Endothelium Endothelium 
denuded intact aenuded 
24 + 10 4] + 15 54 + 15 
947 18+6 15 + l4 
38 + 13 29 +6 30 +9 
26 + 14 2.2 21 12212 


Relaxation is expressed as a percent of PGF,,-induced tone. The experiments were conducted as described in Methods, and a 
representative dose of each agent is shown. No statistically significant difference was found between endothelium-intact and 


endotheliuin-denuded arteries or veins for any of the agents. 


dothelial cells.” The production of this metabolite was 
inhibited by proadifen and stimulated by a-naphthof- 
lavone (a known inducer oz cytochrome P450 activity). 
Epoxyeicosatrienoic acids have been shown to have an- 
tiaggregatory properties on human platelets” and are 
vasodilators in several vascular preparations”’*’; thus 
these eicosanoids are potentially important in the reg- 


ulation of placental vascular tone, as has been suggested 
by Patel et al.” 

On the basis of these findings and the results of the 
current study, we conclude that arachidonic acid causes 
an endothelium-independent relaxation in human pla- 
cental vessels, which appears to be at least partially me- 
diated by its metabolism by an endogenous cytochrome 
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P450 enzyme. Further studies are needed to determine 
the exact metabolites responsible for this relaxation and 
what possible physiologic role they may have, such as 
contributing to the low resistance in this circulation. In 
addition, human placental vessels do not show enco- 
thelkum-dependent relaxation on exposure to known 
EDRF¥-releasing agents. Because previously reported 
studies” on the effects of arachidonic acid infusion into 
the human placental lobule have detected a dilator re- 
sponse that appears to be dominated by a PG-indepen- 
dent mechanism, the relaxing mechanism examined in 
the current study may be of importance in the contral 
of placental blood flow, perhaps as an antagonist of 
vasospasm in situations associated with arachidonic acid 
release or in some Clinical situations where drugs al- 
tering the cytochrome P450 system are used. 


We thank the nursing staff of the labor and delivery 
unit at Westchester County Medical Center for their 
assistance. 
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The effect of maternal intravenous glucose administration on 


fetal activity 


Daniel P. Eller, MD, Sue L. Stramm, RN, and Roger B. Newman, MD 


Charleston, South Carolina 


OBJECTIVE: The study was designed to objectively evaluate the effect of maternal intravenous glucose 


infusion on fetal activity. 


STUDY DESIGN: Twenty-one volunteers at 30.7 + 3.0 weeks’ gestation were objectively evaluated for 
fetal activity with a Doppler monitor before and during an intravenous glucose test. Baseline fetal activity 
monitoring began 10 minutes before a fasting blood glucose level was obtained. A standard 1-hour 
intravenous glucose tolerance test was then performed, and fetal activity monitoring was continued for the 
duration of the test. Twenty-one women at 29.6 + 3.0 weeks’ gestation volunteered to serve as controls 
and were continuously monitored for fetal activity. The control patients did not receive intravenous glucose. 
RESULTS: Linear regression analysis revealed an increase in fetal activity in both groups; however, the 
increase in the glucose infusion group was significantly greater than in the control group. 

CONCLUSIONS: Maternal glucose infusion causes short-term stimulation of fetal activity; however, some 
other factor in the monitoring process also stimulates fetal activity. (AM J OssteT Gynecot 1992;167: 


1071-4.) 


Key words: Fetal activity, actograph, glucose infusion 


Fetal glucose is fundamental for the maintenance of 
brain and cardiac activity' and is the major source of 
fetal energy.’ Maternal glucose is transported rapidly 
across the placenta by facilitated diffusion and is the 
main source of fetal glucose.” * 

Fetal glucose levels correlate well with maternal glu- 
cose (a maternal concentration of 100 mg/dl is equal 
to a fetal concentration of approximately 80 mg/dl).° 
Fetal hyperglycemia is believed to cause marked stim- 
ulation of the fetal metabolic rate, resulting in substrate 
use and increased oxygen consumption.® Fetal respi- 
_ ratory effort and fetal activity may play important roles 
in glucose-induced metabolic acceleration. Bocking et 
al.’ and others? demonstrated increased fetal breathing 
activity but no change in gross body movements after 
a glucose load. Others demonstrated increased fetal 
activity at specified intervals after maternal intravenous 
glucose infusion.” The purpose of this study was to 
quantitate fetal activity continuously over a 70-minute 
period in a group of women undergoing an intravenous 
glucose tolerance test (GTT) compared with a nonin- 
fused control group. In addition, changes in fetal ac- 
tivity will be compared with changes in maternal blood 
glucose levels. 
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Material and methods 


Between June and December 1991, 21 volunteers at 
30.7 + 3.0 weeks’ gestation from the obstetric service 
of the Medical University of South Carolina underwent 
an intravenous GTT after an overnight fast. These vol- 
unteers were recruited from the obstetric clinics from 
women who had already undergone diabetic testing. 
Volunteers were included if they were between 24 and 
34 weeks’ gesation and had no other significant medical 
conditions, such as preexisting diabetes or preeclamp- 
sia, and were not receiving any medications that might 
affect fetal activity. All patients were monitored in a 
semirecumbent position, in a quiet room by one of the 
authors (S.L.S.). All patients were fasting. A Doppler 
fetal activity monitor (Toitu model MT-320) was used 
for continuous monitoring. A single Doppler trans- 
ducer was placed on the maternal abdomen and di- 
rected at the fetal heart or chest. This transducer is 
designed to detect fetal heart tones in the usual fashion 
at frequencies between 150 and 220 Hz. The same 
transducer detects fetal activity and registers the activity 


.as spikes on standard moniter paper, running at 


3 cm/min in the location where contractions are nor- 
mally recorded. Measurement of fetal activity is accom- 
plished by passing the unprocessed Doppler signal 
through a band-pass filter in the range of 13 to 80 Hz. 
The signals are then used to characterize fetal activity, 
as described by Maeda.’® The fetal activity monitor is 
known to detect limb movements, spinal movements, 
and rolling movements.” 

Baseline fetal activity monitoring began 10 minutes 
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Fig. 1. Linear regression of fetal activity over time in intravenous GTT group. The y axis represents 
time in minutes. Eack point represents the mean percent of fetal activity over a _-minute period. 
(Fetal activity was measured continuously over the period of study—-70 minutes.) 


before a fasting blood glucose level was cbtained. A 25 
gm load of 50%.dextrose was then administered, and 
maternal glucose levels (glucose >xidase method) were 
measured at 15, 30, 45, and 60 minutes through an .n- 
‘dwelling venous catheter. Fetal artivity monitoring was 
continued for 70 minutes, including the 10 minutes 
before glucose administration. Twenty-one volunteers 
at 29.8 + 3.0 weeks’ gestation were also monitored for 
fetal activity. These controls were monitored after an 
overnight fast but did not receive the intravenous dex- 
trose infusion. They were monitored for 70 minutes to 
correspond with the study group, and correspondmg 
maternal glucose levels were drawn in the first 10 pa- 
tients. All patients were monitored between 9 AM and 
12 noon. 

Fetal movements were continuously monitored and 
recorded on standard monitor paper manufactured by 
Toitu. The output of the fetal actograph was measured 
as spike-shaped signals that were registered on the uter- 
ine contraction channel of the monitor. Fetal move- 
ments were quantified as described by Reddy et zl.” 
For study purposes, movements >30 units were 
counted. Each spike was considered 1 second of move- 
ment. Isolated spikes were representative of single 
movements. Fetal activity was then grouped in epozhs 
(periods of fetal movement lasting >2 seconds, with 
each millimeter representing 2 seconds). The end of 
an epoch occurred when fetal activity was absent for 
>4 seconds. Short limb movements tend to register as 
single spikes and sustained fetal activity as multiple 
spikes. Fetal respiratory activity 1s not believed to gen- 


erate spikes as large as those counted in this investi- 
gation." No attempt was made to differentiate specific 
types of fetal movement. The number of fetal move- 
ments was divided into 1-minute intervals, and the per- 
centage of the time when fetal activity was present was 
calculated for each minute during the evaluation. The 
mean percentage of fetal activity for each minute was 
plotted and linear regresston analysis performed to de- 
termine the degree of correlation between percent ac- 
tivity and time and between percent activity and ma- 
ternal glucose levels. 

All results are expressed as means + SD, and sig- 
nificance was established at p < 0:05. 


Results 


The average percent fetal activity in the first 10 min- 
utes in each group was not significantly different 
(11.1 + 14.0 for control and 14.4 + 18.6 for study vol- 
unteers). In both groups a significant rise in fetal 
activity with respect to time was demonstrated 
(p = 0.0001). Fetal activity in the intravenous GTT 
group over time was best characterized by a linear 
regression curve (y = 16.5 + 0.314x, °° = 0.83), as in- 
dicated in Fig. 1. ' 

Fetal activity in the control group also increased sig- 


nificantly (p = 0.0001) over time and was best 


characterized by another linear regression curve 
(y = 10.9 + 0.223x, 7? = 0.73) (Fig. 2). Fetal activity 
increased at a significantly greater rate (p < 0.05) in . 
the intravenous GTT group than in the control group. 
The mean weight of the women in the intravenous 
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Fig. 2. Linear regression of fetal activity over time in control (noninfused) group. See Fig. 1 for 


details. 


GTT group was 195.8 + 28.8 pounds, which was not 
significantly different from that of the control group 
(176.1 + 50.3 pounds). 

One woman in the intravenous GTT group was de- 
termined to have class A, diatetes. Otherwise the pa- 
tients were nondiabetic. 

The mean blood glucose levels in both groups are 
presented in Table I. As expected, the mean blood 
glucose levels in the intravenous GTT group increased 
immediately after the injection of the intravenous glu- 
cose, peaking at 15 minutes and then declining over 
the next hour. At completion of the 1-hour intravenous 
GTT the mean blood glucose levels had not yet re- 
turned to baseline levels. The mean levels in the control 
group were not significantly different from the mean 
fasting blood glucose level in the intravenous GTT 
group and were noted to decline slightly over time. 

Linear regression analysis of the 10 patients in the 
control group who had maternal blood glucose testing 
revealed no significant differences in fetal activity com- 
pared with that in the 11 patients in the control group 
who did not. 


Comment 


Fetal activity is probably dependent on many internal 
and external environmental factors. Factors such as 
fasting and feeding, maternal position, sound, vibra- 
tion, light, cigarette smoking and labor may contribute 
to changes in fetal state as manifested by fetal activity." 
Bocking et al.’ demonstrated increased fetal breathing 
movements after injection of intravenous glucose. 


Table I. Mean blood gluocose 
levels (mean + SD) 


Fasting 79.0 + 6.4 79.5 + 9.7 
15 min 194.6 + 30.3 77.4 + 7.6 
30 min 147.5 + 20.9 76.8 + 5.2 
45 min 119.6 + 17.9 75.9 + 5.0 
60 min 98.3 + 24.3 75.1 + 5.4 


These investigators postulated that glucose is oxidized 
aerobically within the fetus and metabolized to carbon 
dioxide and water. Increased concentrations of carbon 
dioxide may positively influence the respiratory center 
in the medulla of the fetal brain. However, they were 
unable to find any change in gross body movements 
after intravenous glucose injection. Gelman et al.° eval- 
uated fetal activity ultrasonographically 30 and 60 min- 
utes after intravneous glucose and found a significant 
increase in fetal movement at 60 minutes. Miller et al.’ 
evaluated fetal activity by maternal perception and by 
tocodynamometer before and during a 3-hour oral 
GTT. They believed that fetal activity increased during 
the first 30 minutes after the 100 mg glucose load by 
these less objective methods and did not correlate with 
maternal blood glucose levels. Aladjem et al.” used ma- 
ternal perception and tocodynamometry to compare 
multiple and isolated movements in normal and high- 
risk antepartum patients receiving an intravenous or 
oral glucose load. The normal group had increased 
multiple movements compared with isolated move- 
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ments. They postulated that either high-risk patients 
lacked the ability to respond to tke glucose load or the 
glucose was used for more essential fetal needs. 

To our knowledge, this is the first study to objectively 
quantify fetal movement continuously over time after 
a glucose infusion. Bessinger and Johnson" calculated 
the sensitivity of the Toitu apparatus to be able to de- 
tect >95.9% of total fetal movements. This study con- 
firms the findings of other studies that used more 
subjective or intermittent means to evaluate fetal 
movement.” >13 

Our findings indicate that fetal activity increases at 
a greater rate after injection of intravenous glucose 
than does fetal activity in control patients. This increase 
does not correlate with maternal glucose levels that 
peak promptly after glucose infusion and then grad- 
ually decline. Cordero et al.* fourd that the peak in the 
fetal blood glucose concentraticn occurred approxi- 
mately 10 minutes after the maternal peak associated 
with a maternal glucose infusion. The metabolically in- 
duced increase in fetal activity would then be expected 
to crescendo and decrescendo in some time frame un- 
related to maternal blood glucose concentrations. Per- 
haps a future study could evaluate fetal movement over 
a longer period of time to determine when fetal activ:ty 
would stop increasing and return to baseline. 

It is also interesting to note that fetal activity in the 
control group increased significantly during the obser- 
vation period. The actual drawing of blood was noz a 
contributory factor to this increased fetal activity be- 
cause control patients revealed essentially the same ac- 
tivity, whether blood had or had not been drawn. Am- 
bient sound is a factor known to affect fetal activity. 
Perhaps the various sounds praduced by placing the 
monitor on the maternal abdomen or the monitor itself 
influence fetal activity by changing the fetal state. Other 
factors may have included changing maternal position, 
decreasing maternal movement, vocalization, or other 
sounds in the monitoring area. Patients were all mon- 
itored in a quiet private room, and a single research 
nurse performed both monitoring and blood drawing. 
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This study confirms that increased fetal activity is a 
consequence of acute mazernal hyperglycemia, sug- 
gesting an association between changes in fetal meta- 
bolic state and changes in -etal activity. 

The evaluation of factors that influence fetal activity 
states is the next area of fetal assessment. 
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Fetal blood sampling in human immunodeficiency 
virus—seropositive women before elective midtrimester 
termination of pregnancy 


Richard R. Viscarello, MD, Mark T. Cullen, MD, Nancy J. DeGennaro, RN, and 
John C. Hobbins, MD 


New Haven, Connecticut 


OBJECTIVES: To explore the diagnostic potential of fetal blood sampling in the prenatal diagnosis of 
intrauterine human immunodeficiency virus infection and to investigate the transplacental transfer of 
human immunodeficiency virus antibody and p24 antigen in the second trimester of pregnancy, we studied 
serum and amniotic fluid obtained from 13 seropositive women and their fetuses before elective 
termination of pregnancy. 

STUDY DESIGN: Enzyme-linked immunosorbent assay, Western blot antibody analyses, and p24 antigen 
assays were performed on all samples. 

RESULTS: Human immunodeficiency virus antibody was detected by enzyme-linked immunosorbent 
assay and Western blot analysis in aliquots of maternal serum, amniotic fluid, and fetal serum from all 13 
pregnancies, Each mather-fetus pair had identical antibody banding patterns. In contrast, p24 antigen was 
found in the maternal serum and amniotic fluid samples from five of 13 women (88%) and in serum from 
only three of 13 fetuses (23%). 

CONCLUSIONS: We conclude that fetal blood sampling, if combined with sophisticated serologic analysis, 
may have the potential to provide the diagnosis of congenital infection with human immunodeficiency virus. 
The correlation of immunologic, virologic, and molecular biologic methods with subsequent infant outcome 


and risk of iatrogenic infection of the fetus remains to be determined. (Am J OBsTET GYNECOL 


1992;167:1075-9.) 


Key words: Human immunodeficiency virus, fetal blood sampling, prenatal diagnosis, 


pediatric acquired immunodeficiency syndrome 


The rate of perinatal transmission of human im- 
munodeficiency virus (HIV-1) is currently estimated to 
be between 13% and 35%."* Transmission rates as high 
as 65% have been reported in subsequent pregnancies 
in women known to have delivered an infant with HIV- 
1 infection.* * Since 1985, when routine screening of 
the blood supply began in the United States, >83% of 
pediatric acquired immunodeficiency syndrome cases 
can be traced to transmission from an infected mother.’ 
Currently there is no specific immunologic, virologic, 
or serologic marker for fetal HIV-1 infection. The 
identification of intrauterine HIV-1 infection at an 
early gestational age would allow physicians to provide 
informed counseling to the seropositive mother who is 
confronted with the dilemma of whether to continue 
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her pregnancy. In addition, it would provide an op- 
portunity for early neonatal observation and chemo- 
therapeutic intervention, 

Ultrasonography-guided, percutaneous fetal blood 
sampling has recently been used in the antepartum 
diagnosis and management of idiopathic thrombocy- 
topenia purpura, hemoglobinopathies, genetic disor- 
ders, biochemical defects, Rh isoimmunization, and fe- 
tal distress.” This study was undertaken to investigate 
the potential use of fetal blood sampling in the prenatal 
diagnosis of fetal HIV-1 infection. 


Material and methods 


Thirteen HIV-1—seropositive women were evaluated 
at the Women’s Center at Yale-New Haven Hospital 
before elective termination of pregnancy between 16 
and 24 weeks of gestation. This study was approved by 
the Human Investigations Committee of Yale Univer- 
sity School of Medicine. Written informed consent for 
entry into the study protocol was obtained from each 
patient. Maternal serum samples were obtained by ven- 
ipuncture. Real-time ultrasonography for confirmation 
of gestational age was performed in each case. 

Prostaglandin-induced abortions were performed in 
all patients. Amniocentesis was performed with a 22- 
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_ AMNIOTIC FLUID FETUS 


Fig. 1. HIV-1 anubodies detected by Western blot. Although the banding patterns vary in intensity, 
all three compartments are identical. In each of the three gels, lanes A and B contain extracts from 
an uninfected (X50-7) and an HIV-1—infected, Epstein-Barr virus—transformed, B-cell line, des- 
ignated X50-7/MN, whereas lanes C and L contain extracts from an uninfected (H9) and an HIV- 
l—infected T-cell line, designated H9/RF2 Sera from the mother and fetus contain antibodies that 
react with Epstein-Barr virus associated pro-eins that are present in lanes A and B. (Courtesy: Warren 


A. Andiman, MD.) 


gauge needle under ultrasonographic guidance to 
avoid the placenta. Approximately 5 to 20 ml of am- 
niotic fluid was aspirated before the needle was ad- 
vanced, and an umbilical cord puncture was performed 
to obtain fetal blood. After the etal blood sample was 
obtained, the needle was removed from the cord end 
an additional 150 ml of amniozic fluid was removed. 
Twenty micrograms of prostaglandin F,, and 80 gm of 
urea were instilled intraamniotically. 

The blood specimens were allowed to clot, spur: at 
1000 rpm for 10 minutes, and then separated. Maternal 
serum, amniotic fluid, and fetal serum were frozen at 
— 70° C unti testing. Enzyme-linked immunosorbent 
assay (ELISA) and Western blot analyses were per- 
formed according to methods previously described.® 
HIV-1 p24 antigen-capture assays (Abbott Laborato- 
ries, North Chicago] were perzormed on all samples 
from all three compartments. 


Results 

The study group consisted of 12 multigravid women 
and one primigravid woman. The mean age was 
27.1 + 4.5 years (range 18 to 34 years). The racial com- 


position of the subjects was: black 6, white 4, and His- 
panic 3. The mean gestat.onal age at the time of sam- 
pling was 18.8 + 2.8 weeks (range 16 to 24 weeks). 
Nine of the women were intravenous drug abusers, and 
four were heterosexual partners of intravenous drug 
abusers; one woman denied any risk behavior for HIV- 
] infection, but she had a history of a sexual assault. 
Ten of the 13 patients had a recent history of gonorrhea 
or syphilis, whereas five women admitted to prostitu- 
tion. Eight of the patients were asymptomatic (Centers 
for Disease Control group IJ), four had persistent gen- 
eralized lymphadenopathy (CDC group IHI), and one 
had acquired immunodeficiency syndrome (CDC 
group IV). 

All samples of maternal serum, amniotic fluid, and 
fetal serum were positive for HIV-1 antibody by both 
ELISA and Western blot analyses. The Western blots 
performed on each set of maternal serum, amniotic 
fluid, and fetal serum samples displayed identical band- 
ing patterns (Fig. 1). 

HIV-1 p24 antigen was detected in the maternal sera 
from five women in this study (three with persistent 
generalized lymphadenepathy and two who were 
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Table I. HIV-1 antibody and HIV-1 p24 antigen status in maternal serum, amniotic fluid, and fetal serum 
obtained from 13 women before elective midtrimester termination of pregnancy 












HIV-1 immunoglobulin G antibody + HIV p24 antigen 






Maternal Maternal Maternal Amniotic Fetal Maternal Amniotic Fetal Gestational 
age (yr) HIV status serum fluid serum serum fluid serum age (wk) 
28 Group III + + + + + + 16 
28 Group III at + + + + + 16 
29 Group III i3 + + + Ti + 22 
24 Group H T $ + + + = 20 
26 Group II + + 4 + F fa 16 
34 Group IV $ $ sf = = a 24 
31l Group IIL aa + $ 7 = = 20 
18 _ Group II + at + = 23 
22 Group II +: T + = = = 20 
25 Group II f E P ia = = 16 
26 Group II ty + + = 5 = 18 
27 Group II + + + — - = 18 
34 Group IH + + + = — ~ 16 


Maternal disease status classiMed by CDC guidelines. 


asymptomatic). In one of the three antigen-positive, 
CDC group III patients progression to acquired im- 
munodeficiency syndrome was manifested by Pneu- 
mocystis carinu pneumonia within 15 months after preg- 
nancy interruption. The other two women with persis- 
tent generalized lymphadenopathy have had no disease 
progression at 24 and 34 months of follow-up. In one 
of the two asymptomatic, antigen-positive patients per- 
sistent generalized lymphadenopathy developed by 20 
months after termination of pregnancy, whereas the 
other died of a drug overdose. 

Amniotic fluid was available from all pregnancies. 
HIV-1 p24 antigen was detected in aliquots from five 
(38%) patients. There was 100% concordance between 
the presence of HIV-1 p24 antigen in the maternal 
serum and amniotic fluid. 

HIV-1 p24 antigen was detected in only three (23%) 
- of the 13 fetal samples tested. In all three cases the an- 
tigen was also detected in the maternal serum and am- 
niotic fluid. The three patients had CDC group III dis- 
ease and p24 antigen was found in aliquots of maternal 
serum, amniotic fluid, and fetal serum, whereas the two 
asymptomatic patients had antigen detected only in al- 
iquots of maternal serum and amniotic fluid (Table I). 


Comment 


Epidemiologic data and laboratory observations 
demonstrate that infection of the fetus with HIV-1 oc- 
curs in utero. HIV-1 has been isolated from abortus 
specimens,” *° amniotic fluid,“ and placenta.”"* Anti- 
body to HIV-1 has been demonstrated in cord blood 
from neonates of infected mothers.’* '® Infant chim- 
panzees have been shown to acquire HIV-1 transpla- 
centally.”” 

In this study we were able to demonstrate that all 
three compartments contain antibody to HIV-1 by the 


midtrimester. The presence of identical banding pat- 
terns as demonstrated by Western blot analysis in ma- 
ternal and fetal samples suggests that HIV-1 antibody 
in the fetus reflects the transplacental transfer of ma- 
ternal antibody rather than active infection. The dem- 
onstration of maternal HIV-1] antibody in the fetus is 
not predictive of true fetal infection and thus is not 
helpful in the prenatal diagnosis of intrauterine HIV- 
l infection. 

We do not fully understand the prognostic signifi- 
cance of finding p24 antigen in the various maternal 
and fetal compartments. In this study HIV-1 p24 an- 
tigen was detected in serum and amniotic fluid samples 
from five women. The presence of antigen in either 
compartment may signal impending clinical progres- 
sion of HIV-1—associated infection, as has been shown 
previously in other studies of antigenemic adults,'* '° 
or indicate a subset of women who are at increased risk 
for perinatal transmission of HIV-1.? Aliquots of ma- 
ternal serum, amniotic fluid, and cord serum obtained 


at the time of labor and delivery from 41 HIV-1—in- 


fected pregnant women were assayed for HIV-1 p24 
antigen. Ten of 41 maternal samples and 5 of the 10 
corresponding amniotic fluid and cord blood samples 
demonstrated the presence of p24 antigen. Their off- 
spring underwent prospective follow-up for a mean of 
37.7 months post partum. Symptoms of acquired im- 
munodeficiency syndrome subsequently developed in 
all ive antigen-positive infants, whereas only four of 
36 HIV-1 p24 antigen-negative infants (11%) became 
ul 

Pediatric acquired immunodeficiency syndrome is a 
preventable, blood-borne, sexually transmitted disease. 
One major problem that remains is our inability to iden- 
ufy the HIV-l~infected fetus in utero. Controversy 
exists over the safety and utility of fetal blood sampling 
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to diagnose HIV-1 infection. Of primary concern is the 
risk of introduction of HIV-1 infection into a previously 
uninfected fetus. Some investigators caution that the 
use of fetal blood sampling be restricted to women 
about to undergo elective interruption of preg- 
nancy.*"** ‘This approach, however, would greatly limit 
its application for prenatal diagnosis. The serious na- 
ture of congenital HIV-1 infection coupled with the 
critical importance of the information to be gained 
mandates careful evaluation of the risks associated with 
its use. 

In spite of similar theoretical risks of “iatrogenic” 
transmission between mother and infant, fetal blood 
sampling has provided improved diagnosis and therapy 
of congenitally acquired infections such as toxoplas- 
mosis,” cytomegalovirus,” and rubella.” *° Experience 
with these infectious agents has failed to demonstrate 
a significantly increased rate of fetal infection after am- 
niocentesis or fetal blood sampling. Preliminary data 
demonstrate no significant difference in perinatal 
transmission rate between a group of 42 women who 
underwent invasive sampling (perinatal transmission 
rate of 22%) as compared with 117 matched controls 
(perinatal transmission rate of 29%). 

In this study fetal serum samples from two pregnan- 
cles were negative for p24 antigen, in spite of its pres- 
ence in maternal serum and amniotic fluid. This ob- 
servation illustrates that the presence of virus or viral 
antigens in maternal serum or amniotic fluid is not 
synonymous with fetal infection. We do not know 
whether introduction of live virus as a result of the 
procedures would have resulted in replicative infection 
in the fetal compartment and an accompanying positive 
antigen test result had the pregnancy been allowed to 
continue. Further controlled studies of seropositive 
women undergoing elective pregnancy termination 
should be performed to determine the risk of trans- 
mission of infection associated with the procedure it- 
self. Furthermore, long-term follow-up of children 
born to HIV-1—seropositive mothers who undergo in- 
vasive diagnostic procedures should be undertaken to 
determine whether the risk of infection in such children 
is higher than in those whose mothers did not undergo 
testing. 

Women who choose to continue their pregnancies or 
to terminate them, either to prevent transmission of 
infection to their fetuses or for reasons of maternal 
health, need accurate information about the presence 
of infection in the fetal compartment. Fetal blood sam- 
pling in the midtrimester, when used in conjunction 
with antigen-capture techniques, virus isolation pro- 
cedures, and polymerase chair. reaction assays, may al- 
low clinicians to distinguish between those neonates 
who have been infected prenatally and those who are 
seropositive because of transfer of maternal antibody. 
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Critical questions regarding the pathogenesis of 
HIV-] infection remain unanswered. It is not clear at 
what stage of pregnancy the fetus is most vulnerable 
or what conditions, if any, enhance the likelihood of 
HIV-1 transmission and infection. We conclude that 
fetal blood sampling should be explored further as a 
diagnostic tool in the mangement of the HIV-1-ser- 
opositive pregnant patient. Successful therapeutic in- 
terventions, such as the use of antiretroviral chemo- 
therapeutic agents, hyperimmune globulin products, 
monoclonal antibody therapy, or vaccines, may depend 
on the successful execution of such studies. 
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Prevalence and prognostic significance of anticardiolipin 


antibodies in pregnancies complicated by human 


immunodeficiency virus—1 infection 


Richard R. Viscarello, MD, Carla J. Williams, MD, Nancy J. DeGennaro, RN, BSN, MPH, 


and John C. Hobbins, MD 


New Haven, Connecticut 


OBJECTIVES: Anticardiolipin antibodies are estimated to occur in 2.2% of all pregnancies and ar2 
associated with adverse outcomes including thrombotic evants, fetal wastage, intrauterine growth 
retardation, and preterm delivery. Ws studied 32 human immunodeficiency virus—seropositive gravidas 
(1) to determine the prevalence of anticardiolipin antibodies in pregnant women infected with human 
immunodeficiency virus~1 and (2) to investigate the association between the presence of anticardiolipin 
antibodies and pregnancy outcome, disease status, and psrinatal transmission of human 


immunodeficiency virus—~1. 


STUDY DESIGN: Serum samples obtained at the first prenatal visit were analyzed for anticardiolipin 
immunoglobulin M and immunoglobulin G by enzyme-linked immunosorbent assay. Relevant antepartum, 
intrapartum, and postpartum data, including maternal CD4 + lymphocyte subsets, human 
immunodeficiency virus p24 antigen determinations, Venereal Disease Research Laboratory test, 
hematocrit, platelet counts, and placental pathologic tissue of the anticardiolipin.antibody—positive and 


anticardiolipin antibody—negative groups were compared. 


RESULTS: Test results for 17 (63%) of patients were positive for anticardiolipin antibody: 4 had only 
immunoglobulin M, 1 had only immunoglobulin G, and the remaining 12 had both antibodies. The patients 
in the anticardiolipin antibody—positive group were delivered of infants with a mean gestational age of 39 
weeks and mean birth weight of 2983 gm. In the anticardiolipin antibody—negative group 15 deliveries had 
a mean gestational age of 36.3 weeks and a mean birth weight of 2330 gm. ` 

CONCLUSIONS: We conclude that there is a high preva'ence of anticardiolipin antibodies in patients who 
have human immunodeficiency vires, which is not associated with adverse maternal or neonatal outcome, 
maternal human immunodeficiency virus status, or perinetal transmission of human immunodeficiency 


virus—1..(AM J OBsteT GYNECOL 1992:167:1080-5.) 


Key words: Anticardiolipin antibodies, human immunodeficiency virus—1 infection, 


pregnancy, perinatal outcome 


Anticardiolipin antibodies, a heterogeneous group of 
antibodies directed against negatively charged phos- 
pholipids, are estimated to occur in 2.2% of all preg- 
nancies." The prevalence of anticardiolipin antibodies 
is significantly higher in women with antoimmune dis- 
eases, especially systemic lupus erythematosus.”** A va- 
riety of adverse reproductive outcomes are associated 
with anticardiolipin antibody Viscarello et al. serapos- 
itivity, including recurrent pregnancy loss, throm 5osis, 
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thrombocytopenia, fetal wastage, intrauterine growth 
retardation, and preterm delivery.*® 

Recently, significantly elevated levels of anticardio- 
lipin antibody have been reported in human immu- 
nodeficiency virus (HIV)~seropositive homosexual and 
hemophiliac male subjects.°* Individuals with HIV-1 
do not demonstrate the same adverse clinical outcomes 
described for other patients, with anticardiolipin anti- 
body, nor is there a clear correlation with progression 
to acquired immunodeficiency syndrome (AIDS).® To 
date there are no studizs that investigate the presence 
and clinical significance of anticardiolipin antibodies in 
pregnant women with HIV-1. | 

We conducted a prospective study of 32 pregnant 
women known to have HIV-1 to determine the prev- 
alence of anticardiolip:n antibodies and their associa- 
tion with adverse outcome. In addition, the relationship 
between anticardiolipm antibody—seropositivity and 
perinatal transmission of HIV-1! was investigated. 
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Table I. Demographic comparison of ACA-positive and ACA-negative pregnancies stratified by infant 


HIV status 
ACA-negalive ACA-posilive 
(N = 15) (N = 17) 
Seroreversion HIV-infected Seroreversion HIV-infected 
(n = 10) {n = 5) {n = 13) (n = 4) 

Parity 

Primiparous 3 30 0 0 4 30.8 l 25 

Multiparous 7 70 5 100 9 69.2 3 75 
Race 

Black 8 80 3 60 8 61.5 3 75 

White ] 10 2 40 2 15.4 ] 25 

Hispanic l 10 0 0 3 Paa 0 
Risk factor 

Intravenous drug abuser 7 70 3 60 6 46.2 2 50 

Heterosexual with IVDA partner 3 30 2 40 6 46.2 2 50 

Transfusion Q 0 0 0 ] 7.7 0 0 
Age (yr, mean + SEM) 29.9 + 4.6 31.4 + 4.2 26.2 + 6.1 29:0 24.) 


ACA, Anticardiolipin antibody; /VDA, intravenous drug abuser. 


Material and methods 


Patients. All patients were under the care of two of 
the investigators (R.R.V., N.J.D.) in the Women and 
AIDS Program in the Women’s Center, Yale-New Ha- 
ven Hospital. The children are cared for by Warren A. 
Andiman, MD, in the Pediatric AIDS Program at our 
institution. Clinical disease status in the women and 
children was determined according to the 1987 Centers 
for Disease Control (CDC) classification. 

The 32 patients reported in this study are part of a 
larger, ongoing, prospective study of 70 pregnant 
women with HIV-1 who have been tested for anticar- 
diolipin antibodies. Seven of these patients elected to 
terminate their pregnancies. There were no sponta- 
neous abortions in this group. The remaining 31 pa- 
tients were either delivered of viable infants who were 
<15 months old (n = 21; these patients constitute CDC 
group PO) or were still undelivered at this writing 
(n = 10). These 31 patients have been excluded from 
this report. | 

Our study was approved by the Human Investiga- 
tions Committee of Yale University School of Medicine, 
and informed consent was obtained from the women. 

Clinical histories and follow-up for the women and 
their offspring were uniformly available. Relevant an- 
tepartum, intrapartum, and postpartum Gata, includ- 
ing maternal CD4+ lymphocyte subsets, HIV p24 an- 
tigen determinations, Venereal Disease Research Lab- 
oratory test results, hematocrit, platelet counts, and 
. placental pathologic tissue of patients with and without 
anticardiolipin antibodies were obtained in most cases. 
HIV-1 seropositivity was determined by enzyme-linked 
immunosorbent assay (Abbott Laboratories; N. Chi- 
cago, Ill.) and confirmed by Western blot analysis in all 
patients." 


Anticardiolipin antibody serologic findings. Sera 
were collected at the first prenatal visit from 32 preg- 
nant women with HIV; the samples were placed on ice 
and centrifuged at 5000 rpm for 10 minutes. The su- 
pernatant was frozen at — 70° C and stored. Anticar- 
diolipin antibodies were isolated by enzyme-linked im- 
munosorbent assay, as previously described.” Microti- 
ter plates (Fisher Scientific, Springfield, N.J.) coated 
with 1 wg of bovine cardiolipin in ethanol (Sigma 
Chemical, St. Louis) were air evaporated in a cold room 
overnight. Both the microtiter plates and the uncoated 
plates were blocked with fetal calf serum. The wells 
were incubated sequentially with test or control serum, 
y- or p-chain, goat antihuman immunoglobulin (Ig) G, 
and y-chain rabbit, antigoat IgG conjugated with al- 
kaline phosphatase (Sigma Chemical). Between incu- 
bations the plates were washed with phosphate-buff- 


. ered saline solution (Titertek washer, Flow Laborato- 


ries, McLean, Va.). After the antibody reactions the 
plates were incubated with 4-p-nitropheny] phosphate 
for 1 hour in a dark room. A microtiter plate reader 
(Multiskan Plus, Flow Laboratories) was used to read 
the colorimetric reaction at 405 nm. 

Serial dilutions of positive control serum containing 
known concentrations of IgM or IgG anticardiolipin 
antibodies were read at an optical density of 405 nm; 
the readings were used to construct a standard linear 
curve. All elevated samples were repeated, and only 
those samples elevated in two separate assays were con- 
sidered significant. 


Results 

There were 24 multigravid women and eight pri- 
migravid women, with a mean age of 27.8 years. The 
racial composition of the women was 22 black, 4 His- 
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Table IL. Indicators of HIV disease status in ACA-positive and ACA-negative women stratified by infant 


HIV status 
ACA-negative ACA-positive 
tN = 15) (N = 17) 
Seroreversion HIV-infected Seroreversion HIV-infected 
(n = 10) ' {n= 5) (n = 12) (n = 4) 
CDC group 
H 6 60 4 80 10 76.9 50 
III 3 30 l 20 3 23.1 0 0 
IV ] 10 0 0 0 0 2 50 
p24 Antigen 
' Positive 0 0 0 0 l 7.7 2 50 
Negative 5 50 2 40 8 61.5 0 0 
NA - 5 50 3 60 4 30.8 2 50 
Mean CD4+ (cells/ml) 271 + 247 400 + 178 393 + 195 387 + 67 
Mean hematocrit (%) 34.8 + 4.3 31.7 + 2.9 31.5 + 4.6 28.3 + 2.7 
Mean platelet count per 100,00C 207 + 143 224 + 132 249 + 128 205 + 184 





ACA, Anticardiolipin antibody. 


panic, and 6 white. Eighteen women were intravenous 
drug abusers and 15 were heterosexual partners of 
Intravenous drug abusers; one woman contracted HIV- 
1 via blood transfusion (Table Ih. 

Twenty-two patients were in CDC group II, 7 were 
in CDC group III, and 3 were in CDC group IV (>a- 
tients with AIDS). Neither maternal HIV-risk behavior 
nor disease status was correlated with anticardiolipin 
antibody status. The mean maternal CD4+ lymphocyte 
counts, hemocrits, and platelet counts stratified by rna- 
ternal anticardiolipin antibody status and infant HIV 
outcome are given in Table H. There were no positive 
HIV p24 antigen determinations among the seven an- 
ticardiolipin antibody~—negative women tested. There 
were three positive HIV p24 antigen determinations 
among the women with anticardiolipin antibodies, two 
in infected children and one in a person with sero- 
reversion. . . 

Seventeen (53%) of the 32 patients had anticardio- 
lipin antibodies: both IgM and IgG antibodies were 
detected in the sera of 12, 4 had IgM only, and 1 had 
IgG only. Only 4 patients had positive Venereal Disease 
Research Laboratory serologic test results: two patients 
in each of the anticardiolipin antibody—positive and 
anticardiolipin antibody—negative groups. Two of the 
positive Venereal Disease Research Laboratory test re- 
sults were confirmed with a positive fluorescent titer 
antibody test, one in each anticardiolipin antibody 
group. There was no significant difference between the 
groups with respect to the incidence of hypertension, 
thrombotic events, preterm labor, premature rupture 
of the membranes, intrauterine growth retardation, or 
placental pathologic tissue. ‘This study had a power 
ranging from 2% to 52% to detect a statistically signif- 
icant difference between the anticardiolipin antibody— 


negative and anticardiolipin antibody—positive groups 
with respect to these adverse pregnancy outcomes. 

The 17 patients in the anticardiolipin antibody—pos- 
itive group delivered infants at a mean gestational age 
of 39 weeks with a mean birth weight of 2983 gm. 
Fourteen had normal spontaneous vaginal deliveries, 2 
had cesarean sections, and | had a low-forceps delivery. 
In the anticardiolipin antibody—negative group, 15 
newborns had a mean geStational age of 36 weeks and 
a mean birth weight of 2230 gm. Ten of the deliveries 
were normal spontaneous vaginal deliveries, 4 women 
had cesarean sections, and 2 had low-forceps deliveries. 
Table III illustrates the delivery data stratified by ma- 
ternal anticardiolipm antibody status and newborn 
HIV outcome according to CDC guidelines. This study 
had a power of 2% and 61% to detect a significant 
difference between the anticardiolipin antibody—neg- 
ative and anticardiolipin antibody—positive groups with 
respect to birth weight ard gestational age at delivery, 
respectively. 

Of the 17 anticardiolipin antibody—positive infants, 
13 have seroreverted and 4 are CDC group P2 (symp- 
tomatic infection), including 1 who died (Table IV). 
Among the 15 infants of mothers without anticardioli- 
pin antibody, 10 have seroreverted, 4 are CDC group 
Pl (asymptomatic infecticn; of these 4, 1 is antigen pos- 
itive), and 1 is CDC group P2. No significant difference 
was noted in antibody-barding patterns on Western blot 
analysis among women with and without anticardiolipin 
antibodies, even when mothers of infected infants were 
compared with mothers of uninfected infants. 


Comment 


Elevated levels of anticardiolipin antibodies have 
been described in association with certain chronic ill- 
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Table III. Delivery data for ACA-positive and ACA-negative pregnancies stratified by infant HIV status 


ACA-negative ACA-positive 
(N = 15) (N = 17) 
Seroreversion HIV-infected Seroreversion HIV-infected 
(n = 10) (n= 5) - (n = 13) (n = 4) 
Delivery i 
NSVD 7 70 3 60 10 76.9 4 100 
Cesarean section 3 30 ] 20 2 15.4 0 0 
Low forceps 0 0 l 20 ] hod 0 0 
Gestational age (wk) 36.6 + 5.1 36.0 + 4.9 39.0 + 2.4 38.8 + 1.9 
Weight (gm) 2343 + 970 2317 + 829 3033 + 400 2933 + 308 


ACA, Anticardiolipin antibody; NSVD, normal spontaneous vaginal delivery. 


nesses, including rheumatoid arthritis, Sjégren’s syn- 
drome, autoimmune thrombocytopenia, tuberculosis, 
and leprosy.” ° Women with recurrent pregnancy loss 
demonstrate a 13% to 40% anticardiolipin antibody 
prevalence’; Harris et al. (1985) noted a prevalence 
of 61% in women with systemic lupus erythematosus.’ 

The prevalence of the anticardiolipin antibody in our 
study group of pregnant women infected with HIV-1 
was 17 (53%) of 32, a significant increase over the 2.2% 
prevalence reported for the general obstetric popula- 
tion.! This increased rate is, however, consistent with 
several recent studies that report anticardiolipin anti- 
body prevalence rates from 50% to 92% among men 
who are homosexual or who have hemophilia and are 
infected with HIV-1.°! 

To assess the possibility of a biologic false-positive 
anticardiolipin antibody result because of a reactive test 
for syphilis,'* we analyzed Venereal Disease Research 
Laboratory test titers that were available in 30 of the 
32 women. Only four test results were positive: 2 in 
women without anticardiolipin antibodies and 2 in 
women with anticardiolipin antibodies. In one patient 
in each anticardiolipin antibody group, Venereal Dis- 
ease Research Laboratory test reactivity was confirmed 
by fluorescent titer antibody, and the test results of the 
sera of the other two women were negative for flu- 
orescent titer antibody. l 

In spite of the reported increased risk for adverse 
pregnancy outcomes associated with the presence of 
anticardiolipin antibodies during pregnancy (as much 
as 75% in some studies’), no significant complications 
occurred in our cohort of women with HIV-1. Harris 
et al.4 (1986) have shown that the IgG subtype level was 
predictive for fetal loss and thrombosis*; however, we 
did not see a correlation with either IgG or IgM sub- 
types because the majority of women had both sub- 
types. The mean platelet count in patients with and 
without anticardiolipin antibodies was similar, 
>200,000 in all patients. Placental pathologic tissue 
samples were available in 15 of 32 deliveries. The in- 


Table IV. Western blot analysis patterns in 
ACA-positive and ACA-negative mothers 
stratified by infant HIV status 







ACA-negative ACA-positeve 
(N = 15) (N = 17) 


Seroreversion Infected Seroreversion | Infected 
(n = 10) {n = 5) (n = 13} 





pl7 

Absent 2 1 2 Q 

Present 3 2 6 3 
p24 ; 

Absent ] 0 0 0 

Present 4 3 9 3 
p31 

Absent 0 2 0 0 

Present 5 ] 9 3 
gp4i 

Absent 0 Q ] 0 

Present 5 a 3 
p51 

Absent I Q I 0 

Present 4 3 7 3 
p55 

Absent 0 0 l 0 

Present 5 3 7 3 
p66 

Absent I Í 0 

Present 4 7 3 
gp120 

Absent 0 0 2 0 

Present 5 3 7 4 
gp160 

Absent 0 0 2 6 

Present 5 3 7 4 


ACA, Anticardiolipin antibody. 


cidence of clinically significant abruptio placentae was 
the same in both groups, with two of three cases as- 
sociated with documented cocaine use within 24 hours 
of delivery. a 

The presence of anticardiolipin antibodies in our 
study group of women with HIV-1 did not correlate 
with maternal disease status as evaluated clinically or 
by CD4 count, HIV-1 p24 antigen seropositivity, he- 
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matocrit, or platelet count, nor was it associated with 
maternal age, parity, or HIV risk behavior. 

Overall, 23 (72%) of the 32 infants have had sero- 
reversion. Thus the perinatal transmission rate is 28%, 
a rate consistent with previously published estimates.’ 
The rate of transmission between the two groups was 
similar, with 23% transmission in the anticardiolipin 
antibody—positive and 33% in the anticardiolipin zn- 
tibody—negative group. Our stucy had a power of 14% 
to detect a significant difference between the anticar- 
diolipin antibody—negative and anticardiolipin arti- 
body—positive groups with respect to perinatal trans- 
mission rate. It does not appear that a positive anti- 
cardiolipin antibody confers protective immunity to,the 
fetus, even though other types of adverse outcomes that 
could be immune mediated do not occur. Of note, 4 of 
the 5 CDC group P2 infants were born to mothers with 
anticardiolipin antibodies, whereas 4 of 5 delivered by 
mothers without anticardiolipin antibodies are in CDC 
group P1. Whether the presence of anticardiolipin an- 
tibody could be an early marker of newborns at risk 
for a more aggressive clinical course remains to be de- 
termined. However, those infants born to mothers with 
anticardiolipin antibodies who escaped infection with 
HIV-1 seem to have larger birth weights and longer 
mean lengths of gestation than infants born to women 
without anticardiolipin antibodies, although the differ- 
ence is not statistically significant (power = 18%). 

Several abnormalities in the humoral component of 
the immune system have been described in patients 
with AIDS, including a polyclonal increase in serum 
immunoglobulins and the presence of antilymphocyte 
antibodies, antisperm antibodies, rheumatoid factor, 
and lupus anticoagulant.’ Whether the increased prev- 
alence of anticardiolipin antibodies in individuals with 
HIV-1 represents a nonspecific immunostimulatior. to 
a foreign antigen,’ a cross-reaction to other phospao- 
lipids such as phosphatidic acid cr phosphatidylglycerol 
or even to deoxyribonucleic acid is controversial.'® 
However, recent work by Canoso et al.° supports the 
existence of independent classes of anticardiolipin an- 
tibody in patients with HIV-1 infection. The possibility 
also exists that viral destruction of the cell membrane 
exposes or modifies phospholipids such that they be- 
come more antigenic.”° 

Several studies have demonstrated that absence of 
antibodies to epitopes in the principal neutralizing do- 
main (V3 loop) of gp120 is associated with increased 
transmission of HIV-1.'" * Goedert et al. (1989) re- 
ported that mothers who did not transmit HIV-1 in- 
fection were shown to possess high titer—high affinity 
antibodies against gp120, whereas transmitting moth- 
ers had low or undetectable gp120 levels as measured 
by radioimmunoassay or immunoblot.'? The humoral 
immune response has been suggested to be an impor- 
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tant component of protective immunity against infec- 
tious agents. Although there was no statistically signif- 
icant correlation between the presence of anticardio- 
lipin antibodies and specific HIV-! banding patterns 
by Western blot analysis, or between HIV-1 banding pat- 
terns by Western blot analysis and HIV-1 transmission 
from mother to child, it is interesting to note that 3 of 
4 infants infected with HIV born to mothers with an- 
ticardiolipin antibodies reacted to all bands. The fourth 
infant reacted only to two bands, gp120 and gp160. 

© Our preliminary data suggest that pregnant women 
infected with HIV-1 exhibit a high prevalence of an- 
ticardiolipin antibodies, which are not related to ma- 
ternal disease status, adverse pregnancy outcome, or 
perinatal transmission of HIV-1. However, future stud- 
ies, including studies with larger numbers of patients, 
will be required to address the issue of anticardtolipin 
antibodies as predictors of disease progression or peri- 
natal transmission. l 
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Infection and labor 


VIII. Microbial invasion of the amniotic cavity in patients with suspected 
cervical incompetence: Prevalence and clinical significance 


Roberto Romero, MD, Rogelio Gonzalez, MD, Waldo Sepulveda, MD, 
Francisco Brandt, MD, Marcela Ramirez, MT, Yoram Sorokin, MD, Moshe Mazi MD, 


Marjorie C. Treadwell, MD, and David B. Cotton, MD 


New Haven, Connecticut, Detroit, Michigan, and Bethesda, Maryland 


OBJECTIVE: The purpose of this study was to determine the prevalence and clinical significance of 
microbial invasion of the amniotic cavity in patients preseming with cervical dilatation in the midtrimester of 


pregnancy. 


STUDY DESIGN: Amniocentesis for microbial studies was performed in women admitted with cervical 
dilatation =2 cm, intact membranes, and without active lator between 14 and 24 weeks of gestation. 
Amniotic fluid was cultured for aerobic and anaerobic bacteria, as well as for mycoplasmas. Gram stain 


was performed on all samples. 


RESULTS: The prevalence of microbial invasion of the amniotic cavity was 51.5% (17/33). The most 
common microbial isolates were Ureaplasma urealyticum, Gardnerella vaginalis, Candida albicans, and 
Fusobacterium sp. All patients with microbial invasion of the amniotic cavity had complications. Patients 
who underwent cervical cerclage in the presence of a positive amniotic fluid culture had rupture o7 


membranes, clinical chorioamnionitis 


, of pregnancy loss. On the other hand, the prognosis of patiants with 


a negative amniotic fluid culture was better than that of patients with a positive culture. Of 16 patients with 


a negative amniotic culture, nine we-e delivered at >34 weeks. 


CONCLUSIONS: (1) Microbial invasion of the amniotic cavity occurs frequently in women presenting with 
cervical dilatation in the midtrimester; (2) the microbiologic state of the amniotic cavity is an important 
prognostic factor for pregnancy outcome; (3) amniocentesis to determine the microbiologic characteristics 
of the amniotic cavity should be considered before a cerclage is placed in women presenting with cervical 
dilatation in the midtrimester. (Am J Destet GYNECOL 1992:167:1086-91.,) 


Key words: Amniotic fluid culture, chorioamnionicis, rupture of membranes, cervical 
cerclage, cervical incompetence. spontaneous second-trimester abortion 


The cause of and mechanisms responsible for spon- 
taneous second-trimester abortion are poorly under- 
stood. Accumulating evidence supports a role for as- 
cending intrauterine infection as a causative factor in 
preterm labor with intact membranes and preterm pre- 
mature rupture of membranes. However, most studies 
of these complications have fccused on women pre- 
senting in the third trimester of pregnancy. A consistent 
finding of several studies has been that the earlier the 
gestational age, the higher the rate of positive amniotic 
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fluid cultures," ? histologic chorioamnionitis,’* and re- 
covery of microorganisms from the chorioamniotic 
space.® In spite of this evidence, there is a paucity of 
information regarding the role of infection in spon- 
taneous midtrimester abortion. 

Cervical incompetence is considered a common cause 
of spontaneous midtrimester abortion, and cerclage is. 
frequently offered as a standard treatment for patients 
presenting with a dilated cervix. Recently, it has been 
established that the degree of cervical dilatation at the 
time of cerclage placement is the most important prog- 
nostic factor determining the complication rate and 
pregnancy outcome.’ Indeed, the infection rate is in- 
creased sevenfold in patients with cervical dilatation 
>2 cm in comparison with that of patients with lesser 
degrees of dilatation.’ Postoperative complications such 
as rupture of membranes and clinical chorioamnionitis 
are traditionally attributed to the placement of a cer- 
vical cerclage.*° However, premature cervical dilatation 
exposes the chorioamnicnic membranes to the micro- 
bial flora of the lower genital tract and thus creates the 
conditions for an ascending infection. Consequently, 
these complications may be the result of a preexistent 
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Table I. Clinical characteristics of patients with midtrimester'cervical dilatation and positive Gram stain of 
amniotic fluid for microorganisms 












Cervical 
dilatation 









Patient Gestational 


age (wk) (em) 

] 22 3 

2 24 3 + = 
3 20 4.5 + 7 
4 24 4 + — 
5 24 2 + E 
6 20 2 + a 
7 22 2 + - 


subclinical intrauterine infection rather than the sur- 
gical procedure per se. The purpose of this study was 
to determine the prevalence and clinical significance of 
microbial invasion of the amniotic cavity in women pre- 
senting with cervical dilatation in the midtrimester of 
pregnancy. 


Material and methods 


Patient population. The review of our data base 
showed that amniocentesis was performed to evaluate 
the microbiologic status of the amniotic cavity in 38 
patients who fulfilled the following criteria: (1) cervical 
dilatation 22 cm, (2) intact membranes, (3) gestational 
age =24 weeks, and (4) no clinical signs of choricam- 
nionitis at admission. Only 33 of these patients were 
included in this study (86.8%). The remaining five pa- 
tients had uterine contractility as the chief complaint 
and have been included in a previous report.’ The chief 
complaint of patients included in this study was pelvic 
pressure with or without vaginal bleeding. Careful 
monitoring revealed that several of these patients had 
some degree of uterine irritability. Clinical chorioam- 
nionitis was defined according to the criteria proposed 
by Gibbs et al.® Patients gave written consent for the 
performance of amniocentesis. The results of Gram 
stain of the amniotic fluid were used in patient man- 
agement. Most patients gave informed consent to do- 
nate 5 ml of amniotic fluid for research according to 
the guidelines of the Yale University Human Investi- 
gations Committee. 

Microbiologic culture techniques. Amniotic fluid 
was transported to the laboratory in a capped plastic 
syringe immediately after collection. These conditions 
precluded air contact with the specimen. Plating oc- 
curred within 30 minutes of collection in all cases. Am- 
niotic fluid was cultured for aerobic and anaerobic bac- 
teria, according to methods previously described." The 
samples were plated on blood agar, MacConkey’s agar, 


Gram 
stain Cerclage Culture 
+ ea 






Interval to 
delivery 
(days) 









Outcome 





G. vaginalis 0 Rupture of membranes 
and delivery 
G. vaginalis 0 Rupture of membranes 
U. urealyticum and delivery, cho- 
Fusobacterium rioamnionitis 
Sp. 
Pseudomonas l — 
Sp. 
G. vaginalis 0 = 
C. albicans 7 —- 
E. coli i — 
C. albicans 0 Rupture of membranes 


and delivery 


Columbia colistin—nalidixic acid agar, and chocolate 
agar (36° C in 8% carbon dioxide} for aerobic culture; 
blood agar, BBE (Bacteroides, bile—esculin agar), LKV 
(laked kanamycin and vancomycin agar), and Martin- 
Lewis agar (all pre-reduced) were used for anaerobic 
culture. Amniotic fluid was also inoculated in thiogly- 
collate broth. Anaerobic cultures were grown in an an- 
aerobic chamber in the Forma Scientific anaerobic sys- 
tem (model 1024; Div. Mallinckrodt, Marietta, Ohio). 
Culture for mycoplasmas was performed with the My- 
cotrim system (Mycctrim-GU, Berkeley, Calif.). Gram 
stain examinations were performed by using commer- 
cial reagents (crystal violet, safranin, and Gram’s io- 
dine; Difco Lab., Detroit) under standard conditions as 
previously described.” 

Patient management. Patients with a positive amni- 
otic fluid Gram stain were given antibiotics and were 
not offered a cerclage operation. Patients with a neg- 
ative amniotic fluid Gram stain were evaluated by the 
attending physician (private physicians and faculty) for 
placement of a cerclage. The standard clinical man- 
agement was to place the patient in the Trendelenburg 
position, perform an ultrasonographic examination to 
exclude anatomic congenital anomalies, and consider 
the placement of a cerclage. There was considerable 
variation in the criteria used for placement of a cer- 
clage, as well as in the use of antibiotics after the pro- 
cedure. Significant vaginal bleeding was considered a 
contraindication to the operation. All cerclages placed 
were of the McDonald type. 


Results 


Thirty-three patients met the criteria for inclusion in 
this study. The prevalence of positive amniotic fluid 
cultures for microorganisms was 51.5% (17/33). The 
most common microorganisms were Ureaplasma ureal- 
yticum (n = 6), Gardnerella vaginalis (n = 3), Fusobacter- 
tum sp. (n = 3), Mycoplasma hominis (n = 2), and Candida 
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_ Table II. Clinical characteristics of patients with midtrimester cervical dilatation and negative Gram stain 
of amniotic fluid but positive culture for microorganisms 


















Cervical 
dilatation (cm) 


Gestational 
age (wk) 


Patent 
No. 





| 24 2 = + 
2 22 2 = + 
3 14 2 = = 
4 19 ` 3 a S 
5 24 2 = = 
6 21 “Bulging” = 7 
T 16 2 = = 
8 24 4 = = 
9 16 2 = = 


10 24 eo) = = 


albicans (n = 2). Table I describes the clinical charac- 
teristics and outcome of seven patients with a positive 
Gram. stain of amniotic fluid and a positive amniotic 
fluid culture. None of these patients was offered a cer- 
clage, and delivery occurred in all but one within 48 
hours after admission. One patient had a positive am- 
niotic fluid culture for C. albicans, and spontaneous de- 
livery occurred .7 days after admission (patient 5 in 
Table I). Three patients had spontaneous rupture of 
membranes and one had clinical chorioamnionitis. 
There were no surviving newborns in this group. 
Table II describes the clinical characteristics and out- 
come of the 10 patients with negative Gram stains of 
amniotic fluid but positive amniotic fluid cultures. Four 
patients had cerclage operations, and all had postop- 
erative complications: clinical chorioamnionitis (n = 2) 
and preterm premature rupture of membranes 
(n = 2). Six patients did not rave cerclage operations 
because of vaginal bleeding (z = 3), spontaneous rup- 
ture of membranes shortly after admission (n = 1), 
. clinical chorioamnionitis (n = 1), and patient’s refusal 
(n = 1). Inseven of these 10 patients delivery occurred 
within 48 hours. Of the remaining three patients, one 
(patient 2 in Table IT) had an elevated amniotic fluid 
white blood cell count (1800 nucleated cells per cubic 
millimeter), a negative Gram stain of amniotic fluid, 
and no clinical signs of chorioamnionitis. This patient 
received antibiotics parenterally (ampicillin and gen- 
tamicin), but nevertheless delivery occurred 7 days 
later. In the other two patients delivery occurred at 3 
and 5 days after the cerclage; they had clinical cho- 
rioamnionitis and rupture of membranes, respectively. 
Of 16 patients with a negative Gram stain and a neg- 
ative amniotic fluid culture, eight had a cerclage op- 
eration. Of these eight patients, pregnancy continued 
to >34 weeks in six and two nad ruptured membranes 
and delivery (Table III). The remaining eight patients 






Interval to 
delivery 
(days) 









Culture Outcome 


M. hominis 5 Rupture of membranes 
U. urealyticum . 7 Discharged home, rup- 
i ture of membranes 7 

days later 

Fusobacterium sp. 0 Clinical chorioamnionitis 

Fusobacterium sp. 3 Clinical chorioamnionitis 

U. urealyicium 0 Clinical chorioamnionitis 

Streplococcus I Vaginal bleeding 

agalactiae 

M. hominis 2 Vaginal bleeding 

U. urealyticum 2 Cerclage declined 

U. urealylicum 0 Rupture of membranes 
after amniocentesis 

U. urealyticum 0 Vaginal bleeding 


did not have a cerclage; the most common reason was 
vaginal bleeding. All patients with significant vaginal 
bleeding aborted within 24 hours of admission. Two of 
the three patients who did not undergo cerclage op- 
eration but in whom delivery occurred at term hada 
pessary inserted. It is noteworthy that in nine of these 
16 (56%) patients delivery occurred at >34 weeks. 


Comment 


The results of this study indicate that 51.5% of pa- 
tients presenting with cervical dilatation and efface- 
ment in the midtrimester of pregnancy had microbial 
invasion of the amniotic cavity. Our observations are 
consistent with those reported by Goodlin,’*"' who per- 
formed amniocentesis for amniotic fluid decompres- 
sion before placing a cerclage in 20 patients with cer- 
vical dilatation >3 cm and gestational ages between 18 
and 24 weeks. He found a 25% prevalence of positive 
amniotic fuid cultures. The apparent higher rate of 
positive cultures in the current study can be attributed 
to the fact that cultures for mycoplasmas were per- 
formed in our study but not in those conducted by 
Goodlin. Indeed, U. urealyticum was the single most 
common isolate in our study. 

The outcome of patients with microbial invasion of 
the amniotic cavity was uniformly poor. All patients 
went on to abort or had rupture of membranes or 
clinical chorioamnionitis. The four patients who had 
cerclage placement with undiagnosed microbial inva- 
sion of the amniotic fluid (because of a negative Gram 
stain of amniotic fluid) had serious complications. 
These findings are consistent with those described by 
Goodlin.'" In his studies there were five patients with 
positive amniotic fluid cultures; four had rupture of 
membranes after cerclage placement and the remain- 
ing one carried the pregnancy to term. This patient 
had a positive culture for B-hemolytic streptococci and 
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Table ITY. Clinical characteristics of patients with midtrimester cervical dilatation, negative Gram stain of 
amniotic fluid, and negative amniotic fluid culture 








Patient Gestational Cervical Gram Interval to 
No. age (wk) dilatation (cm) stain Cerclage Culture delwery Outcome 
l 22 2 m + 3 3 Days Rupture of membranes 
and delivery 22 wk 
2 23 3 ii + = 13 wk Delivery, 36 wk 
3 22 2 = + = 13 wk Delivery, 35 wk 
4 18 2 ai + = 20 wk Delivery, 38 wk 
5 21 3 _ + — 16 wk Delivery, 37 wk 
6 22 2 a $ = 18 wk Delivery, 40 wk 
7 16 2 = ja ii 24 wk Delivery, 40 wk 
8 18 “Bulging” = + = 2 wk Rupture of membranes 
and delivery, 
20 wk 
9 24 2 iii = 7 0 Days Bleeding and delivery, 
24 wk 
10 22 2 = = = 0 Days Bleeding and delivery, 
22 wk 
Ji 2] 2.5 ~~ — _ 16 wk Delivery, 37 wk 
12 23. 5 S oe = 0 Days Advanced dilatation 
and delivery, 23 wk 
13 2] 2.5 = aa R 16 wk Delivery, 37 wk 
14 23 2 S 5 = 2 wk Delivery, 25 wk 
(change in cervical 
dilatation) 
15 23 3.5 = $ z 1 Day Bleeding and delivery, 
23 wk 
16 24 2 ~ — — 13 wk Delivery, 37 wk 











Premature 
rubture of 
membranes 








No. of 
Year | patients 


Preterm 


delivery* 







Series Fetal survival 





Lauersen and Fuchs? 1973 57 —Ť — 0 15 45 
Lipshitz” 1975 54 — — l = = 
Kuhn and Pepperell”! 1977 42 ~— — 0 — 25 
Ritter? 1978 10 — `’ — 0 — 10 
Goodlin® 1979 9 3 2 0 = 4 
Peters et al.” 1979 10 7 2 0 — 3 
Harger” 1980 10 3 as 0 z ae 
McDonald”! 1980 76 — nae 0 — 36 
Olatunbosun and 1981 12 ji — Q 10 
Dyck” 

Charles and Edwards? 1981 46 33 18 0 42 — 
Didolkar* 1986 1] l ] 0 3 10 
Goodlin"™ 1987 11 10 3 0 6 — 
McGahan and Hanson” 1987 4 — — 0 2 0 
Scheerer et al.” 1989 4 — — 0 3 4 
Novy et al.” 1990 9 l ] 0 3 8 
Barth et al.” 1990 15 2 4 0 6 ll 
Treadwell et al.’ 1991 12 g. 5 0 == — 
MacDougall and 1991 19 0 6 0 17 13 

Siddle” 
Current study 1992 . 12 4 ie 0 LD 6 
TOTAL 423 74/176 (42%) 44/154 (29%) 1/423 (0.23%) 104/200 (52%) 185/290 (64%) 

*Delivery at 20 to 37 weeks. 

+Dash, Information not available. 
received a single dose of intraamniotic ampicillin (1 gm) tients before emergency cervical cerclage. Two patients 
and parenteral ampicillin for at least 2 weeks. In an- (12.5%) had a positive amniotic fluid culture (Gardner- 
other study, MacDougall and Siddle’’ obtained amni- ella vaginalis and Fusobacterium sp., respectively), and 


otic Huid by transabdominal amniocentesis in 16 pa- both had chorioamnionitis and had fetal demise | week 
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after the procedure. The combined data of these re- 
ports indicate that the placement of a cerclage in he 
setting of microbial invasion of the amniotic cavity is 
associated with a pregnancy loss in 91% (10/11). 

It is noteworthy that Gram stain examination of am- 

niotic fluid had a sensitivity of only 41.2% in the de- 
tection of microbial invasion of the amniotic cavity in 
this study. This observation is in keeping with our pre- 
vious report,” and the low rate of detection is essentially 
due to the high incidence of microbial invasion limited 
to mycoplasmas, which are not visible on Gram stain. 
.The recent development of mclecular probes capable 
of rapid identification of mycoplasmas and other mi- 
croorganisms can improve the detection rate of micro- 
bial invasion of the amniotic cavity in these patients. 

The most common microbial isolates in this study 
were U. urealyticum, G. vaginalis, M. hominis, C. albicans, 
and Fusobacterium sp. These microorganisms are fre- 
quent constituents of normal cervicovaginal flora, and 
therefore an ascending pathway is the most likely route 

_of infection. U. urealyticum and G. vaginalis are micro- 
organisms that are present in high numbers in the vag- 
inal fluid of patients with bacterial vaginosis; therefore 
the role of this condition in determining microbial in- 
vasion of the uterine cavity in midtrimester sponta- 
neous abortion needs to be examined. 

Is microbial invasion of the amniotic cavity the cause 
or consequence of premature cervical dilatation: In 
primary cervical disorders (i.e., cervical incompetence, 
cervical hypoplasia), dilatation and effacement of the 
cervix result in exposure of the chorioamniotic mem- 
branes to the lower genital tract flora. Microorganisms 
may cross intact membranes”; therefore they can zain 
access to the amniotic cavity. Under these circumstances 
infection would be a secondary phenomenon. It is un- 
known why microbial invasior. develops in some pa- 
tients and not in others. Factors that may play an im- 
portant role include magnitude of membrane surface 
exposed to the vaginal flora, duration of the exposure, 
microbiologic characteristics o7 the genital flora, and 
host response to microbial invasion. An alternative pos- 
sibility is that an ascending infection in the midtrimester 
of pregnancy produces myometrial activation and sub- 
sequently cervical dilatation. Because uterine contrac- 
tions are usually painless and are often undetected by 
patients” at this stage of pregnancy, the clinical picture 
of an infection-induced spontaneous abortion may be 
indistinguishable from that of an incompetent cervix. 

Cervical cerclage is the standard treatment for pre- 
mature cervical dilatation in the midtrimester. This 
procedure has been associated with a high rate of com- 
plications, even maternal death,'® ° when performed 
in a nonelective fashion. Table IV displays a summary 
of the complication rate associated with “emergency 
cerclages” (those placed after cervical dilatation has 
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been diagnosed in the midtrimester of pregnancy) re- 
ported to date. Spontaneous rupture of mem- 
branes, clinical chorioamnionitis, preterm delivery, 
and fetal survival occurred. in 43% (70/164), 30% 
(42/142), 53% (99/188), and 64% (179/278), respec- 
tively.” ® 1215. 17. 1830 Spontaneous abortion occurred in 
16% (19/118). 1 2 * 27-99 In the current study spon- 
taneous rupture of membranes occurred in 33.3% 
(4/12), clinical chorioamnionitis in 17% (2/12), preterm 
delivery in 42% (5/12), and abortion in 25% (3/12); 
the rate of fetal survival was 50% (6/12). Although 
these complications have been largely attributed to the 
procedure itself,®* our findings suggest that they may 
result from preexisting microbial invasion of the am- 
niotic cavity. Indeed, in the presence of a positive am- 
niotic fluid culture there was no difference in preg- 
nancy outcome between women who underwent cer- 
clage and those who did not. Thus it is difficult to 
attribute the postoperative complications to the cer- 
clage rather than to the preexisting clinical condition. 

We conclude that microbial invasion of the amniotic 
cavity occurs frequently in women presenting with cer- 
vical dilatation in the midtrimester of pregnancy and 
its presence has important prognostic value. Evaluation 
of the microbiologic state of the amniotic cavity before 
an emergency cerclage is placed seems to be a logical 
step to spare the risks associated with a surgical pro- 
cedure to patients who will not benefit from the op- 
eration. Sensitive methods for the rapid diagnosis of 
microbial invasion of the amniotic cavity are urgently 
needed. 
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Comparison of Gram stain, leukocyte esterase activity, and 
amniotic fluid glucose concentration in predicting amniotic 
fluid culture results in preterm premature rupture 


-of membranes 


Daniel W. Gauthier, MD, and William J. Meyer, MD 
Chicago, Illinois 


OBJECTIVE: The purpose of this study was to prospectively compare three rapid and inexpensive tests 
that have been proposed as predictors of amniotic fluid culture results in preterm premature rupture of 


membranes.. 


STUDY DESIGN: Amniocentesis was performed on 117 patients =34 weeks’ gestational age with 
premature rupture of membranes ard no clinical evidence of infection. Amniotic fluid was sent for Gram 
stain and aerobic, anaerobic, and Mycoplasma cultures. Leukocyte esterase activity and glucose 


concentration were also determined on the amniotic fluid. 


RESULTS: Amniotic fluid cultures were positive in 56 patiants (47.8%). Leukocyte esterase activity of 1+ 
or 2+ and an amniotic fluid glucose concentration =16 mg/dl were significantly more sensitive 
(p < 0.005) than Gram stain in detecting positive amniotic fluid cultures (73%, 68%, and 41%, 


respectively). 


CONCLUSIONS: Although each of these rapid tests is useful in assessing for subclinical intraamniotic 
infection, none of them have sufficient accuracy to make clinical decisions solely on the basis of their 


results. (AM J Osstet GYNECOL 1992:167:1092-5.) 


Key words: Intraamniotic infection, preterm premature rupture of membranes, Gram stain, 


leukocyte esterase, glucose 


Early detection of intraamnictic infection in patients 
with preterm premature rupture of membranes would 
be very useful in the management of patients with this 
condition. Amniotic fluid cultures have been used to 
detect subclinical infection in patients with preterm 
premature rupture of membranes. A major disadvan- 
tage of using amniotic fluid cultures for the detection 
of early infection is that the results may not be available 
for =2 days. 7% 

Tests that have been suggested as rapid and inex- 
pensive predictors of amniotic fluid culture results in 
patients with preterm premature rupture of mem- 
branes include Gram stain," leukocyte esterase activity 
as determined by dipstick,** and amniotic fluid glucose 
concentration.” ê The major advantages of these tests 
are that they are readily available at most hospitals and 
do not require expensive or sophisticated equipment. 
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The purpose of this study was to prospectively compare 
Gram stain, leukocyte esterase activity, and amniotic 
fluid glucose concentration as predictors of amniotic 
fluid culture results in patients with preterm premature 
rupture of membranes. 


Material and methods 


The study population consisted of patients =34 
weeks’ estimated gestational age who were admitted to 
the University of Illinois Hospital with the diagnosis of 
premature rupture of membranes. Patients were ex- 
cluded from the study if at time of admission they had 
evidence of clinical chorioamnionitis (fever =100.4° F, 
uterine tenderness, fetal tachycardia, or foul-smelling 
amniotic fluid). Patients currently on antibiotics were 
also excluded from the study. The University of Illinois 
Hospital serves an indigent, inner-city population. This 
study was approved by the institutional review board 
of the hospital. Premature rupture of membranes was 
confirmed by both a positive Nitrazine paper reaction 
and ferning test or by visualizing the leakage of am- 
niotic fluid from the cervix. 

After informed consent was obtained, transabdom- 
inal amniocentesis under ultrasonographic guidance 


‘was performed on all participants within 24 hours of 
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Table I. Microorganisms detected in amniotic fluid 





U. urealyticum l 3 
Escherichia coli 

M. hominis 

Peptostreptococcus sp. 

Bacteroides fragilis 

a-hemolytic Streptococcus 

Gardnerella vaginalis 

Bacteroides bivtus 

Klebsiella pneumoniae 

Neisseria gonorrhoeae 


Oo 69 OO Bf Ot ch ~T © 





Number indicates frequency each organism was isolated. 


premature rupture of membranes. The amniotic fluid 
was immediately placed, without exposure to air, in a 
transport vial suitable for anaerobic organisms (Port- 
A-Cul, Becton Dickinson, Cockeysville, Md.) and 
brought to the microbiology laboratory. The amniotic 
fluid was cultured for aerobic and anaerobic bacteria 
and for Mycoplasma hominis and Ureaplasma urea- 
lyticum. Gram stain for microorganisms was performed, 
and stained slides were examined by microbiology tech- 
nologists. During the study period a Gram stain positive 
for microorganisms was considered an indication for 
delivery. 

Leukocyte esterase activity was determined with a 
commercial test strip (Chemstrip 8, Boehringer Mann- 
heim Diagnostics, Indianapolis). The test strip was 
dipped into a portion of the amniotic fluid immediately 
after the amniocentesis and compared 2 minutes later 
with a color guide supplied by the manufacturer. 
A reading of 1+ or 2+ was considered positive for 
intraamniotic infection. 

Amniotic fluid glucose concentration was determined 
within 30 minutes of the amniocentesis. Analysis was 
performed by the glucose oxidase method with a Beck- 
man glucose analyzer. An amniotic fluid glucose con- 
centration of =16 mg/dl was considered positive for 
intraamniotic infection. Amniotic fluid glucose con- 
centration and leukocyte esterase activity were not used 
in patient management. 

The sensitivity, specificity, and positive and negative 
predictive values for detecting positive amniotic fluid 
cultures were determined for Gram stain, leukocyte 
esterase activity, and amniotic fluid glucose concentra- 
tion. The sensitivity and specificity of the three tests 
were compared with McNemar’s test. 


Results 


One hundred seventeen patients were entered into 
the study. Amniotic fluid cultures were positive in 56 
patients (47.9%). Amniotic fluid cultures were positive 
for two or more organisms in 31 patients (55.4%). The 
different microorganisms detected in the amniotic fluid 
are presented in Table I. U. urealyticum was the most 
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Group B B-hemolytic Streptococcus 
Staphylococcus aureus 

y-Hemolytic Streptococcus 

Group D Streptococcus 
Streptococcus viridans 

Clostridium perfringens 

Proteus mirabilis 

Bacteroides vuleatus 

Streptococcus pneumoniae 

Candida albicans 
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commonly identified microorganism, found in 67.8% 
of patients with positive amniotic fluid cultures. Eleven 
patients had cultures positive for Ureaplasma alone. 

The sensitivity, specificity, positive predictive value, 
and negative predictive value of Gram stain, leukocyte 
esterase activity, and amniotic fluid glucose concentra- 
tion are displayed in Table II. Leukocyte esterase ac- 
tivity of 1+ or 2+ and amniotic fluid glucose concen- 
tration =16 mg/dl were significantly more sensitive 
than Gram stain in detecting positive amniotic fluid 
culture results (p < 0.005). Overall amniotic fluid glu- 
cose concentration had the highest sensitivity, specific- 
ity, positive predictive value, and negative predictive 
value; however, this did not reach statistical significance 
when compared with leukocyte esterase activity. 

Table III displays the diagnostic indexes of the three 
tests after excluding the 11 patients with amniotic fluid 
cultures positive for U. urealyticum alone. Two patients 
with amniotic fluid cultures positive for M. hominis alone 
were not excluded from Table III. During the study 
period an amniotic fluid culture positive for Ureaplasma 
alone was not considered an indication for delivery. 
The 11 patients had conservative management and 
clinical evidence of infection did not develop. There 
also was no clinical or Jaboratory evidence of sepsis in 
the 1] infants. Leukocyte esterase activity and amniotic 
fluid glucose concentration continued to be significantly 
more sensitive than Gram stain in detecting positive 
culture results (p < 0.005). 


Comment 


Neonatal morbidity and mortality are increased when 
preterm premature rupture of membranes is compli- 
cated by clinical chorioamnionitis.” ° If chorioamnio- 
nitis could be accurately predicted in patients with pre- 
term premature rupture of membranes, an aggressive 
approach, such as antibiotics or delivery, could be cho- 
sen for those patients who were predicted to become 
infected, whereas a conservative approach may be more 
appropriate for those patients in whom infection is not 
predicted. Amniocentesis has been suggested as a use- 
ful test to detect subclinical intraamniotic infection in 
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Table II. Diagnostic indexes of Gram stain, leukocyte esterase activity, and amniotic fluid 


glucose concentration 


Gram stain 


Sensitivity 39 22/56 

Specificity 97 59/61 

Fositive predictive 92 22/24 
value 

Negative predictive 63 59/93 
value 





Amniotic fluid glucose 
concentration 


=16 mg/dl 


Leukocyte 1+ or 2+ 


68 38/56 73 41/56 
84 51/61 90 55/61 
79 38/48 87 41/47 
74 51/69 79 55/70 


Table III. Diagnostic indexes cf Gram stain, leukocyte esterase activity, and amniotic fluid glucose 
concentration excluding cultures positive for U. urealyticum alone 


Amniotic fluid glucose 
concentration 
$16 mg/dl 


Sensitivity 49 22/45 80 36/45 87 39/45 

Specificity 97 59/61 ` 84 51/61 90 55/61 

Positive predictive 92 22/24 78 36/46 87 39/45 
value 

Negative predictive 72 59/82 85 51/60 90 55/61 
value 


patients with preterm premature rupture of mem- 
branes. However, the delay in obtaining amniotic fluid 
culture results of =2 days may possibly negate any po- 
tential benefit when amniocentesis is used to diagnose 
early intraamniotic infection. 

Gram stain, leukocyte esterase activity, and amniotic 
fluid glucose concentration are simple and inexpensive 
tests that have been proposed as rapid predictcrs of 
amniotic fluid culture results. The disadvantage of the 
Gram stain is a low sensitivity, which ranges from: 56% 
to 83% in patients with preterm premature rupture of 
membranes.'?*!° The sensitivity of Gram stain in our 
study (39%) is lower than that reported in most studies. 
The most likely explanation for this is, in addit:on to 
assessing for aerobic and anaerobic microorganisms, we 
also performed amniotic fluid cultures for Mycoplasma 
species, which are not visible on Gram stain. Our find- 
ings are more consistent with those of Romero et al," 
who evaluated the value of Gram stain in the diagnosis 
of intraamniotic infection. They performed ammocen- 
tesis on 13] patients, 90 with preterm premature rup- 
ture of membranes and 41 with preterm labor. Am- 
niotic fluid was cultured for aerobic and anaerobic or- 
ganisms and for Mycoplasma species. Amniotic fluid 
cultures were positive in 43% of the patients with pre- 


term premature rupture of membranes. Sixty-two per- 
cent of the positive cultures were polymicrobial in na- 
ture. The sensitivity of an unspun Gram stain in their 
study was 44.8%. 

The value of leukocyte esterase activity as a useful 
rapid screen for urinary tract infection has been dem- 
onstrated.!* ° Fisk? was the first to evaluate the useful- 
ness of leukocyte esterase activity as a predictor of am- 
niotic fluid culture results in preterm premature rup- 
ture of membranes. He used a test strip that was dipped 
in amniotic fluid obtained by amniocentesis in 20 pa- 
tients with preterm premature rupture of membranes 
and no clinical evidence of infection. Amniotic fluid 
cultures were positive in six patients (30%). As a pre- 
dictor of culture results, leukocyte esterase activity had 
a sensitivity of 83%, a specificity of 86%, a positive 
predictive value of 71%, and a negative predictive value 
of 92%. The results of our study are consistent with 
the findings of Fisk, although we found a lower sen- 
sitivity (68%) and negative predictive value (74%). 
Romero et al." found that leukocyte esterase activity 
was a poor predictor of amniotic fluid culture results. 
They studied 149 patients with preterm premature 
rupture of membranes and 22 patients with preterm 
labor. Amniocentesis was performed on all patients, 
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and leukocyte esterase activity was determined with a 
test strip dipped into the amniotic fluid. Amniotic fluid 
cultures were positive in 58 patients (34%). The sen- 
sitivity of leukocyte esterase activity in detecting positive 
culture results was only 19%. The reason for the dis- 
crepancy in results from our study is not readily ap- 
parent. 

Amniotic fluid glucose concentration has recently 
been suggested as a useful test in the identification of 
intraamniotic infection.” ° We previously reported that 
an amniotic fluid glucose concentration of =16 mg/dl 
was an accurate predictor of amniotic fluid culture re- 
sults in patients =34 weeks’ estimated gestational age 
with preterm premature rupture of membranes or pre- 
term labor. This glucose concentration was determined 
retrospectively after analysis of a receiver-operator 
characteristic curve. The current study prospectively 
confirms the usefulness of amniotic fluid glucose con- 
centrations of =16 mg/dl as a predictor of amniotic 
fluid culture results in patients =34 weeks estimated 
gestational age with preterm premature rupture of 
membranes. The sensitivity and negative predictive 
value was lower in the current study when compared 
with our initial report (73% vs 79% and 79% vs 90%, 
respectively). 

This study is the first to prospectively compare Gram 
stain, leukocyte esterase activity, and amniotic fluid glu- 
cose concentration as predictors of amniotic fluid cul- 
tures in preterm premature rupture of membranes. 
The results demonstrated that leukocyte esterase activ- 
ity and amniotic fluid glucose concentration were sig- 
nificantly more sensitive than Gram stain in detecting 
positive amniotic fluid culture results. Amniotic fluid 
glucose concentration had the highest sensitivity, spec- 
ificity, positive predictive value, and negative predictive 
value of the three tests, although the difference did not 
reach statistical significance when compared with leu- 
kocyte esterase activity. None of these tests, however, 
have sufficient accuracy in predicting ammiotic fluid 
culture results to make clinical decisions solely on the 
basis of their results. We are currently investigating 
whether combining these tests with one another will 
improve their accuracy in predicting amniotic fluid cul- 
ture results. 
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Human immunodeficiency virus infection among inner-city 


adolescent parturients undergoing routine voluntary screening, 


July 1987 to March 1991 


Michael K. Lindsay, MD, MPH, Nathaniel Johnson, MD, Herbert B. Peterson, MD, 
Susan Willis, MSN, Harriet Williams, RN, and Luella Klein, MD 


Atlanta, Georgia 


OBJECTIVE: The objective of our study was to describe the human immunodeficiency virus epidemic 
among pregnant adolescents undergoing follow-up in a large inner-city hospital. 

STUDY DESIGN: We conducted a case-control study comparing demographic and risk behaviors of 
seropositive and seronegative adolescents (aged 13 to 20) ‘dentified from a population undergoing routine 
voluntary antibody screening at Grady Memorial Hospital in Atlanta, Georgia, between July 1987 and 


March 1991. 


RESULTS: Of 10,794 pregnant adolescents screened, 51 (4.7/1000) were infected with human 
immunodeficiency virus. More than one fourth of case patients were <17 years old. Significantly more 
case patients than controls reported a history of crack coca ne use (10 [19.6%] vs 23 [8.2%] p < 0.05). A 
majority (58.8%) of case patients reported no risk factors for infection, and the remainder (41.2%) were 
presumably infected by heterosexual contact. Thirty-nine controls (13.8%) had self-identified risk factors for 


infection. 


CONCLUSIONS: Pregnant adolescents in our center are ai risk for human immunodeficiency virus 
infection and should be targeted for human immunodeficiency virus education and risk reduction 


counseling. (Am J Opstet GYNECOL 1992;167:1096-9.) 


Key words: HIV infection in pregnant adolescents, routine voluntary antenatal antibody 


screening, heterosexual transmission 


An emerging public health problem among adoles- | 


cents is the epidemic of human immunodeficiency virus 
(HIV) infection. Although reported cases of the ac- 
quired immunodeficiency syndrome (AIDS) among ad- 
olescents account for approximately 1% of cases of 
AIDS reported to the Centers for Disease Control 
(CDC),' there are few data on HIV infection in this 
population.* And, to our knowledge, there are no de- 
tailed data describing the epidemic in pregnant ado- 
lescents. Since July 1987, routine voluntary HIV anti- 
body screening has been offered to women seeking 
prenatal care at our institution.*” 

In this report we describe the results of the first 44 
months of routine voluntary antibody screening, a 2e- 
riod in which >10,000 young women. aged 13 to 20 
underwent HIV antibody testing and completed risk 
behavior profiles.. | 
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Materia! and methods 


Patients. Between July 1, 1987, and March 1, 1991, 
information on HIV prevalence and risk behaviors in 
adolescent prenatal patients was collected at Grady Me- 
morial Hospital. This 1000-bed county hospital in At- 
lanta, Georgia, provides care for a predominantly black 
inner-city population. The framework of routine vol- 
untary antepartum HIV screening has been described 
in previous reports.* ° Befcre pretest counseling all ad- 
olescents were asked to complete a self-administered 
questionnaire that assessed risk factors for infection. 
All HIV-infected adolescents were informed of their 
seropositive status and were then asked to complete an 
in-depth, interview-administered questionnaire assess- 
ing risk factors for infection. All HIV-infected adoles- 
cents subsequently underwent follow-up in a special 
antepartum clinic. For each HIV-infected adolescent, 
at least five seronegative adolescent controls were ran- 
domly chosen by a computer-generated, random digit 
scheme. 

Laboratory. Specimens were screened for HIV-1 an- 
tibody with a commercial solid- -phase enzyme immu- 
noassay (Abbott human T-cell lymphotropic virus type 
IIL enzyme immunoassay; Abbott Laboratories, North 
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Table I. Selected demographic characteristics 
of seropositive and seronegative pregnant 
adolescents undergoing routine voluntary HIV 
screening, Grady Memorial PACs July 
1987 to March 1991 








Seropositive 





Seronegative 







(n = 51) (n = 282 2) 
Characteristic Value 
Age (yr) 
13-15 5 9.8 23 8.2 
16-17 10 19.6 78 27.7 NS 
18-20 36 70.6 181 64.1 
Race 
Black 46 90.2 247 87.6 
White 5 9.8 25 8.9 NS 
Other 0 10 3.5 
Marital status 
Single - 48 94.1 251 89.6 
Married 3 5.9 31 11.0 NS 
Years of education 
§-9 7 13.7 68 24.1 
10-12 44 86.3 201 ` 71.3 NS 
>]? 0 13 4.6 
Parity 
Q 28 54.9 156 55.3 
1-2 18 35.3 112 39.7 NS 
3-5 5 9.8 14 5.0 


NS, Not significant. 


Chicago) according to the manufacturer’s assay pro- 
tocol. Specimens that were repeatedly reactive by this 
assay were examined by Western blot technique (Bio- 
tech Dupont HTLV-III Western blot kit, DuPont Phar- 


maceuticals, Wilmington, Del.). Specimens with reac- 


tivity to any antigen band in two of three viral gene 
product groups were considered HIV-1 seropositive. 

Data analyses. Clinical and demographic data were 
recorded onto computer tape and machine edited. As- 
sessment of differences in proportion was performed 
by the x? test statistic or the two-tailed Fisher’s exact 
test. Significance is expressed at the 0.05 level. For the 
purpose of this analysis, “adolescent” is defined as a 
patient in the age group 13 to 20. 


Results 


During the 44-month study period, 28,840 pregnant 
women registered for prenatal care; 27,398 (95%) 
agreed to HIV testing and completed the self-admin- 
istered questionnaire pertaining to HIV risk factors. 
Of the 28,840 women screened for HIV infection, 138 
(4.8/1000) had seropositive results by Western blot— 
supplemented testing. Of the total population regis- 
tering for prenatal care during the study period, 11,243 
were adolescents; 10,794 adolescents (96%) agreed to 
HIV testing and completed the self-administered ques- 
tionnaire. The number of pregnant- -adolescents con- 
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Table II. Comparison of self-reported HIV 
risk factors in seropositive and seronegative 
pregnant adolescents undergoing routine 
voluntary antibody screening, Grady Memorial 
Hospital, July 1987 to March 1991 









Seroposttive | Seronegative 





(n= 51) | (n = 282) 
Crack cocaine 10 19.6 23 &.2 0.03 
Sexual partner with l 2.0 2 0.7 NS 


intravenous drug 
use 

Transfusion 1978 to l 2.0 6 2.1 NS 
1985 

Hemophiliac l 2.0 ] 0.4 NS 
partner 


NS, Not significant. 


senting to antibody testing during this time period rep- 
resented 37.4% of the total population screened. Of 
the 10,794 adolescents who underwent antibody 
screening, 51 (4.7/1000) were found to have HIV in- 
fection. All HIV-infected adolescents were asympto- 
matic and none had previously known of their infection 
status. A total of 262 seronegative controls were eval- 
uated. The mean age, race, marital status, educational 
status, and parity of seropositive and seronegative ad- 
olescents were similar. However, more than one fourth 
of seropositive adolescents were =17 years old (Table 
I), Twenty-six percent of seropositive and 14% of sero- 
negative adolescents acknowledged risk factors for HIV 
infection on the initial questionnaire before knowledge 
of their serologic status. The numbers of reported sex- 
ual partners since 1980 were comparable between the 
seropositive and seronegative adolescents: 22 seropos- 
itive (43.1%) versus 131 seronegative (46.4%) adoles- 
cents reported one sexual partner; 23 (45.1%) sero- 
positive versus 128 seronegative (45.4%) adolescents 
reported two to five sexual partners; 6 seropositive 
(11.8%) versus 23 seronegative (8.2%) adolescents re- 
ported six to 20 sexual partners. Notably, no seropos- 
itive or seronegative adolescents acknowledged a his- 
tory of intravenous drug use. Significantly more sero- 
positive than seronegative adolescents acknowledged a 
history of crack cocaine use (19.6% vs 8.2%, p < .05) 
(Table II). Once serologic status was determined, all 
seropositive adolescents completed an in-depth HIV 
risk behavior interview. Eleven of 51 seropositive ad- 
olescents (21.6%) reported no risk behavior on the self- 
administered questionnaire but acknowledged risk be- 
havior on in-depth interviewing. Of those acknowledg- 
ing risk behavior five reported having sexual partners 
who used intravenous drugs; three reported having 
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HIV-infected sexual partners, two reported crack co- 
caine use, and one reported having a sexual partner 
with hemophilia. The majority of seropositive adoies- 
cents (30 of 51 [58.8%]) reported no risk factors for 
infection, and the remaining 21 (41.2%) reported risk 
factors that suggest they were infected by heterosexual 
contact. Of those presumably infected by heterosexual 
contact 12 (57.1%) reported a history of crack cocaine 
use, five (23.8%) reported a sexual partner with a his- 
tory of intravenous drug use, and four (19.1%) re- 
ported having HIV-infected sexual partners. 


Comment 


Pregnant adolescents in our institution are at high 
risk of acquiring HIV infection. The overall seroprev- 
alence among this population was threefold higher 
than the 1.6 per 1000 rate found in childbearing 
women in Georgia. However, the statewide data gen- 
erated from a national population-based newborn heel 
stick survey did not include data on patients’ ages. Ad- 
ditionally, the overall seroprevalence is 1.5 times 
greater than the 3.2 per 1000 rate found in female job 
corp applicants aged 16 to 21.4 

Our data suggest that a high percentage of our in- 
fected adolescents may have acquired the infection 
through heterosexual contact. Sexually active adcles- 
cents are very likely to have multiple sexual partners; 
therefore the potential exists fcr rapid spread of HIV 
infection among adolescents in our community. A his- 
tory of crack cocaine use emerged as a potentially im- 
portant risk factor for heterosexual infection in this 
population. The association between crack cocaine use 
and HIV infection appears to be related to increased 
sexual risk taking and the trading of sex for money to 
buy crack cocaine or the trading of sex for the crug 
directly.*'° A recent study from San Francisco confirms 
the association between crack cocaine use and sexual 
intercourse in adolescents; 61% of 82 black female ad- 
olescent crack users reported that they combined crack 
use with sexual relations." 

Previous data reported from this institution’ allow us 
to compare differences in risk >ehavior of seropositive 
adolescents and seropositive adults. The major difer- 
ence is that 25% of seropositive adults reported a his- 
tory of intravenous drug use whereas no seropositive 
adolescents reported such a history. Thus in our com- 
munity a larger percentage of seropositive adolescents 
than seropositive adults appear to be infected by het- 
erosexual contact. The differences in risk behavior be- 
tween infected adults and adolescents must be consid- 
ered when risk reduction strategies for these popula- 
tions are devised. 

During the 44 months of antibody screening, we 
found 51 pregnant adolescents with HIV infection. As 
a result of this study and our clinical experience, we 
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make the following suggestions for approaching the 
emerging public health problem of HIV infection 
among young women in our community. First, with no 
effective cure for HIV infection in sight, introduction 
of a comprehensive HIV educational program into the 
public school classrooms is imperative. Before the in- 
troduction of such a program the baseline HIV knowl- 
edge of all students should be assessed. This program 
should emphasize the modes of viral transmission, risk 
factors for infection, and risk reduction behavior. Be- 
cause 10% of infected adolescents were 13 to 15 years 
old, we believe such a program should be introduced 
early into school curricula. Institution of such a pro- 
gram will require a partnership between the public 
health and public school communities. Second, we must 
encourage parents to take an active role in educating 
their teenagers about the hazards of early sexual activity 
(i.e., unintended pregnancy and sexually transmitted 
diseases). All unmarried teens should be encouraged 
to postpone sexual activity. However, those young 
women who are sexually active should be encouraged 
both to obtain contraception for the prevention of un- 
planned pregnancy and to encourage their sexual part- 
ners to use condoms for protection against sexually 
transmitted diseases. Third, we recommend encour- 
aging expanded voluntary HIV screening in health 
care settings frequented by adolescent women at risk 
for HIV infection including sexually transmitted dis- 
ease clinics, family-planning clinics, and gynecology 
emergency departments. Fourth, drug treatment pro- 
grams geared specifically for adolescents should be es- 
tablished. Finally, comprehensive medical clinics for 
HIV-infected adolescents that can address their special 
needs should be established. 

This study is limited because we were unable to strat- 
ify HIV seroprevalence and risk behaviors by age. In 
addition, we were unable to describe the characteristics 
and behaviors of the sexual partners, which may be a 
crucial determinant of infection in this population. We 
caution readers that the population under study, inner- 
city adolescents from Atlanta, may not be representa- 
tive of all adolescents in the United States. Further we 
would encourage others to define the risk factors for 


~ HIV infection among adolescents in their community. 


In summary, this study revealed a high rate of HIV 
infection among adolescents seen in a busy inner-city 
prenatal clinic. We believe that our findings provide an 
alarming indication thet HIV infection is a serious 
threat for many of our adolescents. Effective preven- 
tion strategies are urgently needed. 
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Lisa R. Troyer, MD, and Valerie M. Parisi, MD, MPH 


Houston, -Texas 


OBJECTIVES: We sought to characterize risk factors in patients undergoing trial of labor after previous 
cesarean section and to determine whether a subset of patients at high risk of having an unsuccessful trial 


of labor consequently suffer greater morbidity. 


STUDY DESIGN: A 13-month chart review analyzed 264 labors with documented transverse lower uterine 
segment scars. Historic and physical examination variables were recorded, and a scoring system was 


constructed to evaluate successful vaginal delivery after cesarean. 


RESULTS: Successful vaginal delivery occurred in 192 patients, resulting in a rate of vaginal birth after 
cesarean of 72.7%. Four variables significantly lower the rate of vaginal birth after cesarean. Of patients 
scoring 0 (no variables present), 91.5% were successfully delivered vaginally. Scores of 1, 2, and 3 to 4 
were associated with the success of vaginal birth after cesarean in 73.9%, 66.7%, and 46.1% of patients, 
respectively. A score of 3 to 4 did not increase maternal or fetal morbidity in trial-of-labor patients. 
CONCLUSION: We constructed a scoring system to evaluate the success of vaginal birth after cesarean. 
Trial of labor in the subset of patients with the lowest success rate does not increase morbidity. (Am J 


Osstet GYNECOL 1992;167:1099-104.) 


Key words: Vaginal birth after cesarean delivery, vaginal delivery, trial of labor 


One of the most controversial issues in obstetric prac- 
tice in the 1980s has been the increased incidence of 
cesarean deliveries. In a presentation in 1916 to the 
Eastern Medical Society of New York City, Dr. Edwin 
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Cragin made his famous statement, “... once a cesar- 
ean always a cesarean.”' This dictum was appropriate 
at the turn of the century, when the cesarean birth rate 
was 2% and essentially all cesarean deliveries were per- 
formed with a classic incision, but it no longer applies. 
Today the overall cesarean section rate has escalated to 
25%, with repeat cesareans accounting for approxi- 
mately half of the increased rate. To decrease this 
trend, current American College of Obstetrics and Gy- 
necology guidelines recommend that carefully selected 
patients undergo a trial of labor after a previous ce- 
sarean section.’ Numerous studies support the success 
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Table I. Variables analyzed in trial of 
labor group 


Significant variables 
Previous dysfunctional labor 
No prior vaginal delivery 
Nonreassuring feial heart tracing on admission 
Labor induction 
Nonsignificant varizbles 
Maternal age 
Gestational age 
Previous birth weight 
Estimated fetal weight 
History of diabetes 
History of macrosomia 


of subsequent vaginal delivery in patients with previous 
transverse lower uterine segment scar.’ 

Although there is general agreement that pregnancy 
and labor after cesarean delivery are efficacious and 
safe, the majority of women eligible for vaginal birth 
continue to be delivered by elective repeat cesarean 
section. Physician acceptance and patient willingness to 
participate in a trial of labor are directly related zo its 
success.° The purpose of our study was to identify the 
obstetric parameters that influence a trial of labor and 
to design a scoring system with these variables that 
would aid in predicting a patient’s success in a tr.al of 
labor. In those patients with multiple risk factors for a 
failure, we further sought to identify whether allcwing 
them to labor resulted in greater morbidity for cither 
the mother or fetus. By quantifying the likelihood of 
success, we hoped that our scoring system would be 
useful in counseling patients regarding their options 
for delivery in a subsequent pregnancy. 


Material and methods 


A retrospective chart review of 567 women with his- 
tories of previous cesarean section was undertaken. 
The study population consisted of patients delivering 
between. January 1990 and January 1991 at Hermann 
Hospital, the teaching hospital for the University of 
Texas Health Science Center in Houston. Patients were 
cared for by the residents’ clinic service, the academic 
faculty’s private practice, a health maintenance orga- 
nization whose patients are cared for on the resident 
training service, and private physicians. All patients on 
the residents’ clinic service were under the direct su- 
pervision of a full-time academic faculty member. Ap- 
proval was obtained from The Committee for tke Pro- 
tection of Human Subjects before data were col-ected. 

Inclusion criteria for the study were gestational age 
>36 weeks, singleton pregnancy, vertex presen:ation, 


arid a-documented transverse lower uterine sezment ’ 


scar. A history of >] previous cesarean section was not 
considered a contradiction for a trial of labor and was 
therefore included in this study. All patients with un- 
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Table II. Scoring system for predicting success 
of vaginal birth after cesarean delivery 


Variable | Point value 


Previous dysfunctional labor l 

No prior vaginal delivery ] 

Nonreassuring fetal heart tracing l 
on admission 

Labor induction l 


documented, low vertical, or classic uterine incision, 
multiple gestation, malpresentation, and <36 weeks of 
gestation were excluded. The following variables were 
analyzed in the trial of labor group: maternal age, ges- 
tational age, parity, reason for previous cesarean sec- 
tion, prior vaginal delivery, diabetic history, previous 
birth weight, estimated fetal weight, fetal heart tracing 
on admission, and onset of labor. The significant vari- 
ables found between those patients with successful trials 
of labor and those patients with unsuccessful trials were 
(1) previous dysfunctional labor, defined as previous 
cesarean section for the diagnosis of failure to progress, 
cephalopelvic disproportion, or dystocia; (2) no prior 
vaginal delivery; (3) nonreassuring fetal heart tracing 
on admission; and (4) induction of labor in the current 
pregnancy (Table I). Wizh these variables a scoring sys- 
tem was constructed to predict success rates of vaginal 
birth after cesarean. All variables were weighted equally 
in the scoring process, with patients assigned one point 
for each variable present at admission (Table II). For 
example, a patient admitted at term in active labor dur- 
ing her second pregnancy whose first pregnancy ended 
in cesarean section at 6 cm for failure to progress would 
receive two points: 1 point for no prior vaginal delivery, 
and | point for a history of dysfunctional labor. Deliv- 
ery outcome and maternal morbidity were compared 
with the admission score. Epidural analgesia for labor 
is commonly used at Hermann Hospital. A previous 
cesarean section was not considered either a contrain- 
dication or a deterrent to this method of obstetric an- 
esthesia. Epidurals were placed on a patient’s request 
after evaluation by an enesthesiologist once the patient 
was in an established labor pattern. Oxytocin was used 
for labor induction, prolonged latent phase, and arrest 
or protraction disorders in the active phase. Statistical 
analysis was performed with the Student ¢ test, x? anal- 
ysis, and Wilcoxon rank sum test. A p level of 0.05 was 
chosen to represent statistical significance. 


Results 


Of the 567 patients from our obstetric population 
eligible for the study, 254 (46.6%) patients chose to have 
a trial of labor and 303 patients elected a repeat cesar- 
ean section. Successful vaginal delivery occurred in 192 
(72.7%) of the 264 patients in the trial of labor group. 
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Table III. Characteristics of the trial of labor groups 


Vaginal birth after 
cesarean Cesarean sectton 


Maternal age (yr) 26+ 5 
Parity 16+ 1 
Gestational age (wk) 39.2 + 1.9 
Previous birth weight (gm) 3165 + 802 
Estimated fetal weight (gm) 3347 + 556 


NS, Not significant. 


Among the nonsignificant variables, maternal age, ges- 
tational age, previous birth weight, and estimated fetal 
weight are listed in Table III. Patients with diabetes 
complicating their pregnancies did not experience a 
higher cesarean rate. A history of macrosomia or an 
estimated fetal weight greater than the previous cesar- 
ean birth weight did not have a significant impact on 
the outcome of the trial of labor. When the indications 
for the previous cesarean section were analyzed, breech 
presentation, fetal distress, abruptio placentae, previa, 
and failed induction all had higher subsequent vaginal 
delivery rates than the groups labeled as having had 
previous dysfunctional labor (Table IV). Because many 
charts did not differentiate between failure to progress 
and cephalopelvic disproportion, these indications 
were considered together under the category of pre- 
vious dysfunctional labor. 

Vaginal birth after cesarean risk score. Four of the 
admission variables analyzed were associated with lower 
vaginal delivery rates when compared with the overall 
rate of vaginal birth after cesarean. These variables 
(Table V), previous dysfunctional labor (63.4%), no 
prior vaginal delivery (67.4%), nonreassuring fetal 
heart tracing on admission (43.6%), and induction of 
labor (52.9%), were selected to complete an admission 
score for vaginal birth after cesarean success. With a 
score of 0 risk factors, 54 (91.5%) of the 59 patients 
were successfully delivered vaginally (Table VI). Three 
of the five patients in this group with unsuccessful trials 
of labor were in the second stage of labor with persistent 
occiput posterior positions. The other two patients ex- 
perienced arrest of dilatation in the active phase of 
labor in spite of adequate oxytocin augmentation. Pa- 
tients scoring l and 2 points had vaginal delivery rates 
of 73.9% and 66.7%, respectively. In the group with 
unsuccessful trials of labor scoring 1 point (n = 29), 14 
had arrest of dilatation, 4 had arrest of descent in the 
second stage, 4 had fatled induction, and 2 had fetal 
distress. In the group with 2 points (n = 24), 16 had 
arrest of dilation, 5 had arrest of descent in the second 
stage, 3 had failed induction, and 3 had fetal distress 
during the course of labor. In the scoring category 3 
to 4, only 46.1% of the patients were delivered vagi- 
nally. Fourteen labors resulted in cesarean sections. Five 
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£ Value 
29 + 6 NS 
13 0 NS 
39.9 + 1.9 NS 
3349 + 707 NS 
3581 + 576 NS 


Table IV. Indications for previous cesarean 
section and success rates of trial of labor 


Success rate 


Indication (%) 
Breech presentation 80.5 
Fetal distress 80.7 
Abruptio placentae 100.0 
Placenta previa 100.) 
Failed induction 79.6 
Dysfunctional labor 63.4* 


thp < 0.05 when compared with overall vaginal birth after 
cesarean rate of 72.7%. 


patients were assessed with arrest of dilatation in the 
active phase and nine patients with fetal distress. Com- 
paring each variable individually, no prior vaginal de- 
livery was the most frequent variable (n = 172, 65%), 
with nonreassuring fetal heart tracing on admission the 
least common (n = 16, 6%). 

Delivery outcome. There were no maternal or peri- 
natal deaths in the patients undergoing a trial of labor. 
Apgar scores <7 at 5 minutes occurred in one infant 
in the group having vaginal birth after cesarean and in 
two infants in the group with unsuccessful trials of la- 
bor. Umbilical artery and umbilical vein pH were found 
to be significantly higher in those infants delivered vag- 
inally. Twelve of the 72 patients with unsuccessful trials 
of labor were delivered for the indication of fetal dis- 
tress. When comparing the group with successful vag- 
inal birth after cesarean to the patients with elective 
repeat cesarean sections, no difference was noted in 
umbilical cord blood gases. 

Review of the birth weight data revealed no signifi- 
cant difference between the trial of labor groups with 
successful trial of labor and among the score groups 
for vaginal birth after cesarean. Infants delivered vag- 
inally weighed 3527 + 625 gm (mean + SD). Infants 
delivered by cesarean section weighed 3607 + 590 gm 
(mean + SD). The infants delivered in this study were 
all significantly larger (7% ‘to 10%) than the infants 
delivered in the previous pregnancy. Among the in- 
fants weighing >4000 gm (n = 40). 60% were deliv- 
ered vaginally. The maximum birth weight with suc- 
cessful vaginal birth after cesarean was 4570 gm. Fifty 
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Table V. Risk score components 
Vaginal birth 
afler 
cesarean (%) 













Admission variables 






Previous dysfunc- 63.4* p < 0.01 
tional labor 

No prior vaginal 67 4* p< 0.01 
delivery 

Nonreassuring fetal 43.6% p < 0.02 
heart tracing on 
admission 

Induction 52.9% p < 0.001 





*p < 0.05 compared with overall vaginal birth after cesar- 
ean rate of 72.7%. — 


Table VI. Relationship of risk score to 
successful vaginal birth after cesarean 





Vaginal birth 
after 
cesarean 






0 59 54 915 
l 92 68 739 
2 87 58 66.7 
3 to4 26 12 46.1 


percent of these patients had a score of 0 for vaginal 
birth after cesarean. In the group with an unsuccessful 
trial of labor the maximum birth weight was 467) gm, 
with 50% of the patients having two risk factors. 

Maternal morbidity. Charts of the 303 women who 
elected repeat cesarean deliveries were reviewed and 
compared with the group undergoing a trial of labor. 
The patients undergoing trial of labor experienced a 
significantly lower complication rate (13%) then the 
elective repeat cesarean group (19.5%). Complications 
included chorioamnionitis, endometritis, postpartum 
hemorrhage, uterine scar sevaration, cesarean hyster- 
ectomy, wound infection, and blood transfusion. In the 
group undergoing trial of labor the group with suc- 
cessful vaginal delivery had fewer complicatiors than 
both the patients with an unsuccessful trial of lator and 
the elective repeat cesarean group. Febrile mcrbidity 
was significantly lower in patients achieving vaginal de- 
livery than in patients undergoing cesarean birth 
(p < 0.001). When patients naving cesarean birth after 
a trial of labor were compared with those having ce- 
sarean birth without a trial of labor, the incid2nce of 
febrile morbidity was significantly higher (p < 0.0001). 
However, when the entire trial of labor group was com- 
pared with the group not undergoing a trial cf labor, 
the febrile morbidity was significantly less (p < 0.008) 
in the trial of labor group. l 

Evaluation of complications as they relate to the score 
predicting successful vaginal birth after cesarean re- 
vealed no significant increase in maternal morbidity 
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between the patients with scores of 0 and 3 to 4 
(p = 0.06). However, examination of each score 
showed a trend toward more complications when 3 to 
4 of the variables were present. Chorioamnionitis, en- 
dometritis, and wound complication occurred more 
frequently (p < 0.01) in patients scoring 3 to 4 than in 
patients with no risk factors (a score of 0). 

The total occurrence of uterine scar separation in all 
study patients was 2.6%. Immediate postpartum intra- 
uterine examination is not standard policy at our in- 
stitution; therefore uterine dehiscence in patients who 
were delivered vaginally could not be determined. The 
incidence of recognized dehiscence was no greater for 
those patients having an unsuccessful trial of labor 
(2.3%) than for those receiving no trial (2.6%). Uterine 
rupture, defined as communication between the uter- 
ine cavity and peritoneal cavity with all or part of the 
fetus extruded,” occurred in three patients (1.1%) in 
the trial of labor group, and in two patients (0.67%) in 
the unlabored group. When the risk score was applied 
to scar separation, uterine dehiscence occurred in two 
patients with scores of 1 and in four patients with scores 
of 2. Uterine rupture occurred in two patients with 
scores of 2 and in ] patient with a score of 3. 


Comment 


The rate of delivery by cesarean section in the United 
States has increased from approximately 5% in the mid- 
1960s to approximately 25% by 1988." Numerous stud- 
ies have been reportec. detailing the success of safety 
of a trial of labor after a previous transverse lower 
uterine segment scar. In analyzing these trials of labor 
investigators have sought to identify conditions that 
may influence or tnhikit a successful outcome. Several 
of the conditions analyzed include fetal birth weight, 
previous failure to progress-—cephalopelvic dispro- 
portion, breech presentation, prior vaginal delivery, 
oxytocin use and epidural placement. Although none 
of these conditions as single factors have been found 
to have a negative impact on a trial of labor, no studies 
have examined the effects of a combination of these 
factors on labor outcome. We analyzed obstetric pa- 
rameters from a retrospective cohort of patients and 
constructed a scoring system using the significant vari- 
ables to evaluate success in a trial of labor after previous 
cesarean delivery. We realize, however, that because of 
the limitations of a retrospective study these data can- 
not be used to make a statement about positive pre- 
dictability in a trial of labor until the scoring system has 
been tested in a prospective trial. 

In our study population 72.7% of patients with pre- 
vious cesarean secticns were delivered vaginally in a 
subsequent pregnancy. Four variables were found to 
significantly influence the mode of delivery. These vari- 
ables (previous dysfunctional labor, no prior vaginal 
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delivery, nonreassuring fetal heart tracing on admis- 
sion, and induction of labor) were used to establish a 
scoring system. Patients scoring 0 and | (no variables 
to 1 variable present) experienced a successful trial of 
labor at approximately equal to or greater than the 
overall rate of vaginal birth after cesarean. A combi- 
nation of two variables, the most common score, de- 
creased the patient’s chance of a successful vaginal de- 
livery to just slightly below the overall rate of vaginal 
birth after cesarean. Fifty percent of the patients scor- 
ing 3 points (previous dysfunctional labor, no prior 
vaginal delivery, and induction of labor) were delivered 
vaginally. When a nonreassuring fetal heart tracing on 
admission was added (1.e., score 4,n = 2) 100% of these 
patients underwent cesarean sections. It is not correct 
to assume, however, that all patients scoring four points 
should be delivered by cesarean section. The number 
of patients in this group was two, too small to draw 
relevant conclusions. To decrease the cesarean section 
rate in this group, fetal acoustic stimulation or fetal 
scalp sampling may be a method of reassuring fetal 
well-being and continuing the trial of labor. 

The American College of Obstetrics and Gynecology 
guidelines for vaginal delivery after a previous cesarean 
birth* advise caution in the trial of labor of an estimated 
fetal weight of =4000 gm. When evaluating estimated 
fetal weight and actual birth weight, we found no im- 
pact of fetal macrosomia on the score predicting suc- 
cessful vaginal birth after cesarean and rate of vaginal 
delivery. Sixty percent of the patients with macrosomic 
infants were delivered vaginally. This finding agrees 
with previously published work” that describes a vag- 
inal delivery rate of 58% in the birth weight group 
ranging from 4000 to 4999 gm. These findings suggest 
that this population is not at increased risk for failure 
in a trial of labor and should not be excluded. 

For the mother an unsuccessful trial of labor posed 
the greatest risk for febrile morbidity, and a successful 
trial of labor posed the least risk. Multiple studies cor- 
roborate this finding.*® 1*1 Use of the scoring system 
to evaluate maternal morbidity revealed no significant 
differences between the score groups for vaginal birth 
after cesarean. However, a trend toward statistical sig- 
nificance was noted in the higher-scoring group. A 
larger sample size may be required for statistical sig- 
nificance to become apparent. With an overall rate of 
vaginal birth after cesarean of 72%, febrile morbidity 
will be decreased in the trial of labor groups. This ad- 
vantage should result in a less expensive and shorter 
hospital stay. 

In our study the overall incidence of scar separation 
was 2.6%. The dehiscence rate at cesarean section was 
no different in patients who had undergone a trial of 
labor when compared with the unlabored group. Uter- 
ine rupture occurred in 1.1% of the trial of labor pa- 
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tients, a finding compatible with previous studies.’ 
These events occurred randomly between the scores of 
l and 3, suggesting that this scoring system would not 
be a useful predictor of scar separation. 

In spite of our accumulated experience, >90% of all 
American women with a previous cesarean birth un- 
dergo elective repeat cesarean delivery. Both physician 
and patient enthusiasm for a trial of labor are directly 
correlated to its outcome. Our institution’s trial of labor 
rate (46.6%) is significantly above the national average, 
but leaves much room for improvement. Our study 
describes a scoring system that, when applied in a pro- 
spective fashion, may be useful in predicting success in 
vaginal birth after cesarean delivery. The objective data 
provided by this scoring system may assist physicians 
in counseling and patients in decision making for a trial 
of labor in indicated cases. 

In summary, we devised a scoring system on the basis 
of a retrospective analysis of 264 patients that identifies 
subgroups of patients with high rates of successful and 
high rates of unsuccessful trials of labor after previous 
cesarean delivery. Patients with no risk factors on ad- 
mission had success 91% of the time. Even those pa- 
tients with 3 to 4 risk factors were delivered vaginally 
approximately 50% of the time, experiencing no in- 
creased morbidity. We hope that when tested prospec- 
tively our scoring system will provide physicians with 
useful information for counseling patients regarding 
advantages and disadvantages of a trial of labor. Pa- 
tients in the high-success group would be encouraged 
to have a vaginal birth after cesarean, and patients in 
the low-success group would be reassured that a trial 
of labor is a safe and reasonable option. A prospective 
study to evaluate the predictive value of our scoring 
system is underway at our institution. 
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Early repair of episiotomy dehiscence associated with infection 


Susan M. Ramin, MD, Ronald M. Ramus, MD, Bertis B. Little, PhD, and 


Larry C. Gilstrap MI, MD 
Dallas, Texas 


OBJECTIVE: The purpose of our study was to examine early repair of episiotomy dehiscences in a large 


urban hospital setting serving a predominantly indigent population. 


STUDY DESIGN: Since September 1, 1989, we have proceeded with early repair in the immediate 
postpartum period. The medical records of 34 of 35 patierts who underwent early repair were reviewed. 
RESULTS: Of the 34 patients, 21 (62%) had midline and 13 (88%) had mediolateral episiotomies. 
Dehiscence was associated with episiotomy infection in 27 (79%) of the 34 patients: 18 (86%) in the 
midline group and 9 (69%) in the mediolateral group. Repair was accomplished from 3 to 13 days 

(X = 6.4) after dehiscence. Successful repairs were accomplished in 32 (94%) of 34 patients. Two (6%) 
patients with initial third-degree episiotomies had a subsequent breakdown of their repairs and were 


allowed to heal by secondary intention. 


CONCLUSIONS: Although most dehiscences in our popu ation were associated with infection, early repair 
in this population is associated with a satisfactory outcome in the vast majority. (Am J OBSTET GYNECOL 


1992;167:1104-7.) 


Key words: Episiotomy, dehiscence, infection, ear-y repair 


Recently there have been reports in the literacure 
concerning the early repair of episiotomy dehiscence 
in immediate puerperium.’ This trend is in contrast 
to traditional teaching, which mandates a delay of sev- 
eral months to allow revascularization and resolution 
of any soft-tissue infection or edema. Two reports were 
from a relatively homogeneous military population 
treated by a select group of practitioners.’ 

The purpose of our study was to determine whether 
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early repair of episiotomy dehiscence is a feasible op- 
tion in a predominantly indigent population treated by 
a multiplicity of practitioners. In addition, the role of 
infection as the primary cause of dehiscence requiring 
repair was examined. 


Material and methods 


In September 1989 the management of patients with 
episiotomy dehiscence at our hospital was modified to 
include early repair in the immediate postpartum pe- 
riod. Since then this approach has been almost exclu- 
sively used. Between September 1, 1989, and February 
28, 1991, 35 patients underwent early repair of episi- 
ctomy dehiscence. Medical records were reviewed for 
34 of the 35 patients whose episiotomies were repaired 
over the 18-month period. The medical records de- 
partment was unable to locate the remaining chart. All 
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women were delivered at our hospital, and initial epis- 
iotomy repairs were performed in layers as described 
in standard textbooks.* 

Dehiscence was defined as separation of the episi- 
otomy. The diagnosis of infection was based on the 
presence of fever or purulent discharge. The most com- 
mon signs and symptoms in the 34 patients included 
increased pain in 22 (65%), purulent discharge in 22 
(65%), and fever 15 (44%). In three patients dehiscence 
was the only symptom noted by the patient, and only 
one patient complained of flatus or stool per vagina. 

Once the diagnosis of dehiscence or infection was 
made, debridement was performed either on the ward 
with intravenous analgesia or in the operating room 
with regional! anesthesia. All infected or necrotic tissue 
and suture fragments were removed, and copious ir- 
rigation with a diluted Betadine (povidone-iodine) so- 
lution was performed. Moreover, all but one patient 
received intravenous antibiotics, which were continued 
through the perioperative and postoperative periods. 
Subsequent wound care was determined by the house 
staff and attending physician responsible for each pa- 
tient. In general, wound care included scrubbing the 
wound twice daily with a Betadine-impregnated scrub 
brush. Before each cleansing 1% lidocaine jelly was 
applied to the wound to decrease patient discomfort. 
Meperidine was also used when indicated. Sitz baths 
were used several times daily to keep the perineum as 
clean as possible. 

Before repair all 13 patients with fourth-degree ex- 
tensions underwent mechanical bowel preparation with 
an oral electrolyte solution (Golytely, Braintree Labo- 
ratories, Braintree, Mass.) administered the evening be- 
fore surgery. Each patient was given a l-gallon jug 
of the solution and were instructed to consume it until 
they had clear diarrhea. Patients without a fourth-de- 
gree extension did not receive bowel preparation. 

All repairs were performed in the operating room 
by house staff supervised by an attending faculty phy- 
sician, maternal-fetal-medicine fellow, or senior resi- 
dent with experience in this technique. Spinal anesthe- 
sia was used in the majority of cases. Patients were not 
brought to the operating room until they had been 
afebrile for =24 to 48 hours, and the wound margins 
were covered by pink granulation tissue. Once debride- 
ment of granulation tissue to achieve adequate tissue 
mobilization was obtained, the repair was performed 
in layers as previously described.' Either chromic gut 
or Vicryl suture was used in all cases. 

Patients who had repairs of the rectal mucosa were 
started on a low-residue diet on postoperative day 1 to 
3. The majority of patients without rectal mucosa in- 
volvement were immediately placed on a regular diet. 
Postoperative wound care included sitz baths three to 
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Table I. Characteristics of 34 patients with 
episiotomy dehiscence and subsequent 


early repair 
Mediolateral 


Total patients 7 13 
Type of delivery 
Spontaneous 1] 0 
Outlet forceps 3 3 
Low forceps 7 10 
Extension 
None l 5 
Third degree l 9 6 
Fourth degree 1] 2 
Evidence of infection 18 (86%) 9 (69%) 
Early repair failures J I 


four times daily followed by drying of the perineum. 
Heat lamps were used for drying. After patients were 
afebrile for >24 hours after ending antibiotic treatment 
and had normal bowel function, they were discharged; 
clinic follow-up was scheduled for 1 week later. Patients 
were instructed not to place anything in the vagina or 
rectum until wound healing was confirmed by the 
clinic. 

Perinatal data exist that contain information on every 
delivery at our institution. These data include the num- 
ber of vaginal deliveries, forceps deliveries, and third- 
or fourth-degree lacerations. Since February 1990 the 
number and type of episiotomies performed have been 
included in this data base, allowing us to calculate the 
incidence of episiotomy dehiscence and infection at our 
institution. From February 1990 to February 1991 there 
were 1344 third- and fourth-degree lacerations, of 
which 28 dehisced and 22 were infected. 


Results 


Of the 34 women on whom data were obtained, 33 
were primiparous and | was multiparous. There were 
18 Hispanic women, 8 black, 7 white, and 1 Asian. 
Their ages ranged from 15 to 36, with a mean age of 
21.9 + 4.8. 

The data concerning the type of episiotomy, exten- 
sion, mode of delivery, and presence of infection in the 
34 patients who underwent early repair are summa- 
rized in Table I. The type of episiotomy performed is 
left to the discretion of the delivery physician depend- 
ing on the size of the perineal body or personal pref- 
erence. Twenty-seven (79%) patients had infected epis- 
iotomy sites. Infection was as common in patients with 
midline episiotomies (86%) as it was in those with me- 
diolateral episiotomies (69%). None of the patients had 
evidence of other peripartum infections, such as am- 
nionitis or endometritis before or after episiotomy 
repair. 
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Table II. Time from delivery to complication to suksequent repair to hospital discharge in patients who 
underwent early repair (mean + SD) 







delivery to 







No. of 
patients 


_ All patients 34 4,7 £2.1 
Episiotomy type l 
Midline 21 43+ 1.8 
Mediolateral 13 5.2 + 2.5 
Extension l i 
None - 6 5.3 + 3.4 
Third degree l 15 3.9 + 1.2 
Fourth degree 13 5.2 422 
Infection 
Yes z 4.4 + 2.0 
No 7 5.6 + 2.4 
Repair failures 2 5:02:28 


Time from 


complications 








Time from repair 
to discharge 
(days) 






Time from complication 
lo repair (days) 





6.4 + 2.4 44 423 
6.6 + 2.4 4921] 
6.0 +26 3.6 + 2.6 
5.0 + 1.7 2.2 + 04 
6.8 + 2.4 43+9.4 
6.5 + 2,7 5.5 + 2.1 
6.7 + 2.5 4.5 +24 
5.3 1.7 4.0 + 3.0 
8.0 + 7.] 9.5 + 0.7 





The mean number of days from delivery to recog- 
nition of episiotomy complication, from complication 
to repair, and from repair to discharge from the hos- 
pital are summarized in Table II. Breakdown usually 
occurred sooner in patients with infected episiotomies. 
In addition, the preoperative period was slightly lor.ger 
in patients with infections or extensions, reflecting the 
time necessary to prepare the wound properly for re- 
pair. The postoperative stay was prolonged for patients 
with fourth-degree extensions because of the slow ad- 
vancement of diet with subsequent delayed return of 
bowel function. 

Clinical follow-up was obtained in 29 (85%) of the 
34 patients in the study group, including both patents 
whose treatment failed. Five women were lost to fo_low- 
up. Patients were seen 1 to 2 weeks after their repairs, 
with subsequent return visits to the clinic if necessary. 
None of these patients comp-ained of perineal sain, 
numbness, or incontinence of flatus or stool. On ex- 
amination no patients had evidence of a rectovaginal 
fistula. Most wounds were completely healed in Z to 3 
weeks. 

Two patients in the study underwent early repa:r but 
had treatment failures. The first was a 27-year-old His- 
panic woman, gravida | and now para 1, whose prenatal 
course was complicated by chronic bronchitis and 
asthma that required steroid therapy. She was delivered 
by outlet forceps over a midline episiotomy with a zhird- 
degree extension. Her episiotomy was noted to be in- 
fected, and on postpartum day 7 she underwent epis- 
iotomy debridement and was started on intravenous 
cefoxitin. Three days later repair was.performed with- 
out complications. Postoperatively, the wound sepa- 
rated without evidence of infection, but the spkincter 
remained intact. She was allcwed to heal by seccndary 
intention, and on outpatient follow-up her wound was 
noted to have healed without complication. The second 


patient was a 30-year-old Asian woman, gravida | and 
now para 1, whose prenatal course was remarkable for 
her being a chronic carrier of hepatitis B. She was de- 
livered by low forceps over a right mediolateral episi- 
otomy with a third-degree extension. On postpartum 
day 3 her episiotomy was noted to be infected; the 
wound was opened, and antibiotics were initiated. The 
patient’s preoperative period was prolonged (13 days) 
because of persistent fevers that finally resolved with 
triple antibiotics (ampicillin, gentamicin, and clinda- 
mycin). Her repair was performed without complica- 
tions, but the same evening she developed high fevers 
and a laboratory coagulepathy. On examination of the 
wound there were concerns about a possible fasciitis, 
so the repair was taken down and allowed to heal by 
secondary intention. With continued antibiotic therapy 
and wound care her fevers resolved. After discharge 
from the hospital she was seen frequently in the clinic; 
good healing of her wound was noted. 


Comment 


The traditional approach to episiotomy dehiscence 
has been to delay repair for several months to allow 
healing and revascular-zation of perineal tissue. This 
approach necessitates a protracted period of fecal in- 
continence and loss of sexual function, a significant 
morbidity for most women. In two recent reports in- 
volving a relatively homogeneous military population 
early repair of episiotomy dehiscence resulted in ex- 
cellent healing in most patients. This investigation was 
motivated by our desire to determine whether a simi- 
larly successful outcome could be obtained in a large 
county hospital setting in which obstetric infections in 
general are relatively common. Our patient population 
is primarily indigent, including a large number of His- 
panic patients who do not speak English, which makes 
prolonged outpatient follow-up difficult. We believe 
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that if early repair can be successfully performed in 
our clinical setting, it is a technique that can be used in 
most patients. 

The 94% success rate in our study is similar to that 
of Hankins et al.,? who reported only two failures (both 
pinpoint fistulas) in 31 patients diagnosed before dis- 
charge. On review of our treatment failures, it is noted 
that neither were good candidates for early repair. The 
first patient had asthma and was receiving chronic ste- 
roid therapy, which is known to inhibit wound healing. 
Whether a delayed repair would have been more suc- 
cessful is unknown. Fortunately, her wound separation 
did not include the anal sphincter, and she maintained 
normal bowel function while her wound healed sec- 
ondarily. The second failure was in a patient with a 
prolonged febrile course post partum, probably caused 
by a mild fasciitis. Another patient in our study group 
was receiving chronic steroid therapy, in this case for 
Crohn’s disease. She had a dehiscence of her right me- 
diolateral episiotoiny without evidence of infection and 
underwent successful early repair without complica- 
tions. 

In our series the average total time from delivery to 
discharge after repair was 15.5 days, similar to the time 
reported by Hankins et al.’ The presence of infection 
or extensions prolonged the preoperative interval nec- 
essary to prepare the wound for repair, and patients 
with rectal mucosal involvement had a prolonged post- 
operative stay because of the slow advancement of diet 
and return of bowel function. We elected to hospitalize 
patients until adequate wound healing was noted be- 
cause of the nature of our patient population. With 
properly selected patients it is certainly possible that 
much of the preoperative care can be performed in an 
outpatient setting. 

Infection of the episiotomy site is not a common oc- 
currence, Harris® reported seven infections in 7477 
midline episiotomies, with only one infection in the 870 
patients with third- or fourth-degree extensions. Seiber 
and Kroon® noted eight infections in 410 (1.95%) pa- 
tients with third- or fourth-degree extensions of a mid- 
line episiotomy. Walker’ combined his series of patients 
with seven previously published reports and found 33 
(1.8%) infections in 1827 patients with third- or fourth- 
degree extensions. Owen and Hauth® reviewed data on 
20,713 patients delivered at the University of Alabama 
Hospitals between July 1983 and June 1988. All of the 
10 infections occurred in the 1490 patients with third- 
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or fourth-degree extensions, an infection rate of 0.67% 
in this subpopulation. We noted an infection rate of 22 
(1.64%) of 1344 patients with third- or fourth-degree 
extensions. This rate is similar to the infection rates 
noted above. 

Early repair was initially considered for patients with- 
out signs of infection.’ In the series reported by Hauth 
et al.’ only one of eight patients with episiotomy de- 
hiscence had infected episiotomies; that person devel- 
oped a postoperative rectovaginal fistula. However, in 
a predominantly indigent population such as ours, in- 
fection appears to be the most significant cause of epis- 
iotomy breakdown. We also found that breakdown of 
midline episiotomies was caused by infection as fre- 
quently as in mediolateral episiotomies. Our results, 
combined with the excellent results obtained by 
Hankins et al.* (in which 12 of 31 patients were infected) 
and Monberg and Hammen’? (20 of 35 mediolateral 
episiotomies infected), suggest that with proper pre- 
operative care infection is not a contraindication to 
early repair. 

In conclusion, episiotomy dehiscence is an unusual 
postpartum complication. When it does occur it is often 
associated with local infection. With adequate preop- 
erative care, primarily wound cleansing and intrave- 
nous antibiotics, early repair of episiotomy dehiscence 
is safe and effective. 
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Transverse uterine incision closure: One versus two layers 


John C. Hauth, MD, John Owen, MD, and Richard O. Davis, MD 


Birmingham, Alabama 


OBJECTIVE: Closure of a low transverse cesarean incision with one layer of suture results in less 
operating time, better hemostasis, and less infectious mortidity than a two-layer closure. 

STUDY DESIGN: At our institution 906 women were randcmized to closure of a low transverse cesarean 
incision with either one continuous layer of a locking No. 1 chromic suture and a CTX needle {n = 457) or 
two continuous layers of No. 1 chromic suture with the first layer locked (n = 449). The Student f test, x? 
test of proportion, and Wilcoxon rank sum test were used fo compare groups of patients. 

RESULTS: A one-layer closure required less operative time, 43.8 versus 47.5 minutes (p = 0.0003). 
Fewer additional uterine hemostatic sutures were required in 369 women in whom either the 

one- (n = 179) or the two-layer (n = 190) closure did not achieve hemostasis (p = 0.046). Endometritis 
was similar in both groups, 83 (22%) in the one-layer group versus 65 (18%) in the two-layer group 

(p = 0.17). In no outcome assessment was the two-layer closure superior to the one-layer closure. 
CONCLUSION: We recommend a one-layer closure wher its use is anatomically feasible. (Am J OBSTET 


GYNECOL 1992;167:1 108-11.) 
Key words: Cesarean incision closure 
Cesarean section is the most common major surgical 


procedure in the United States.’ Many reports have 
addressed its increasing incidence, indications for ce- 


sarean delivery, and the treatment and prophylax:s of 


infectious complications. However, there is little irfor- 
mation relating to the optimum operative technique for 
this method of delivery. 

In 1926 Kerr? described the transverse lower uterine 
segment incision and recommended a two-layer clo- 
sure. Subsequent editions of Williams Obstetrics*” rec- 
ommended a two-layer closure of lower uterine seg- 
ment incisions whether vertical or transverse; recom- 
mendations varied only with regard to the use of 
continuous or interrupted suturing techniques. In the 
fifteenth edition of Williams Obstetrics Pritchard and 
MacDonald” first noted that “the uterine incision. may 
be closed with either one, or the more traditional, two 
layers of continuous chromic suture.” They recom- 
mended that the first layer be running and locked and 
that “when the lower segment is thin, satisfactory ap- 
proximation of the cut (we also assume torn) edges can 
usually be obtained with one layer of suture. If ap- 
proximation is not satisfactory after a single-layer con- 
- tinuous closure then another layer may be placed.” 
Theoretically, a one-layer closure should disrupt less 
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tissue, introduce less foreign material, require less op- 
erative time, and achieve hemostasis more effectively. 
To test these hypotheses we analyzed selected outcomes 
of 906 women who had a low transverse uterine inci- 
sion; they were prospectively randomized to closure 


with either one continuous layer of a locking No. 1 


chromic cat gut suture and a CTX needle (n = 457) or 
two continuous layers of No. 1 chromic cat gut with the 
first layer locked (n = 449). We compared operative 
time, hemostasis, blood loss, and infectious complica- 
tions. 


Material and methods 


From June 5, 1989, through July 6, 1991, 991 women 
were randomized to either a one- or two-layer closure 
of an intended low transverse uterine incision for ce- 
sarean delivery. Randomization was accomplished by 
using a computer-generated list of random numbers 
for the one- or two-layer closure. These random as- 
signments were placed in sequentially numbered sealed 
envelopes that were opaque to bright light. At the ini- 
tiation of each cesarean procedure the next sealed en- 
velope was opened by the operating room circulating 
nurse. The envelopes were opened before initiation of 
the cesarean to preclude any operator bias with regard 
to selecting more favorable candidates. Moreover, | 
knowledge of the prescribed closure also allowed the 
scrub nurse to have the assigned number of No. 1 
chromic cat gut 36-inch sutures opened on the instru- 
ment field. Contrariwise, anatomy, fetal presentation, 
and gestational age at delivery occasionally preclude a 
low transverse uterine incision. Patients were excluded 
if (1) either a vertical or T uterine incision was required 
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Table I. Characteristics of 906 women who had one- or two-layer closure of low transverse uterine 
incision for cesarean delivery 









Age (yr) 24.2 
White race 180 
Multiparous 237 
Maternal weight (kg) 90.6 
Singleton pregnancy 431 
Prior cesarean 126 
Gestation at delivery (wk) 38 
<37 weeks’ at gestation delivery 139 
Gestational hypertension 58 
Diabetes mellitus 39 
Placenta previa 5 


(n = 46), (2) if the operating team was unable to per- 
form the assigned closure (n = 32), or (3) incomplete 
data were available for analysis of our selected out- 
comes (n = 7). These 85 exclusions were equally dis- 
tributed between the original one- and two-layer group 
assignments., | 

Of 17 indications for the 906 cesarean operations, 
most (n = 810) were for either a nonreassuring fetal 
heart rate pattern (n = 371), failure to progress or a 
failed induction of labor (n = 212), an abnormal fetal 
presentation (n = 150), or a repeat operation (n = 77). 
These indications were evenly distributed between the 
two groups (p = 0.59). Various demographic and an- 
tepartum pregnancy characteristics are presented in 
Table I. Both groups were similar except for a trend 
toward more women with one-layer closures who had 
a prior cesarean section (# = 0.054). Intrapartum and 
intraoperative factors associated with selected outcomes 
were also similar in both groups (Table II). 

Prospective outcomes included operating time, re- 
quirement for blood transfusion, percent hematocrit 
decrease from before the operation to postoperative 
days | and 3, wound infection, pelvic cellulitis (metritis), 
and pelvic abscess—hematoma formation. 

Statistical analyses were conducted with the Statistical 
Analysis System (SAS Institute, Inc., Cary, N.C.) release 
6.04 for personal computers. The Student ż test, x? test 
of proportion, and Wilcoxon rank sum test were used 
where appropriate to compare groups of patients; a p 
value <0.05 was considered significant. 


Results 


The outcome of a one-layer closure was similar to 
that of a two-layer closure except that the operative 
time was significantly shorter and fewer additional uter- 
ine hemostatic sutures were required. In 369 women 
either the one-layer {n = 179) or the two-layer 
(n = 190) closure failed to achieve hemostasis, and ad- 


One-layer closure 
(n = 457) 


Two-layer closure 
(n = 449) 





24.6 0.27 

39 144 32 0.03 

52 210 47 0.13 

92.1 0.58 

94 429 95 0.40 
28 99 22 0.054 

37.8 0.56 

30 137 39 0.98 

13 68 15 0.29 

8.5 35 7.8 0.69 

1.1 4 0.9 0.98 


ditional hemostatic sutures were required. In this sub- 
set of 369 women more hemostatic sutures were re- 
quired in those who were assigned a two-layer closure 
(p = 0.046, Table IHI). These benefits may have been 
underestimated in the one-layer group in comparison 
with those in the two-layer closure because more 
women in the one-layer group had a prior cesarean 
section and bilateral tubal ligation, both of which are 
known to increase operative time. Infection and hem- 
orrhagic complications were similar in both groups. En- 
dometritis occurred in 22% of the women who had a 
one-layer closure and in 18% of those who had a two- 
layer closure (p = 0.17). This study had a power of 
0.80, with an a = 0.05 to detect a difference in en- 
dometritis as large as 18% versus 27%. 


Comment 


In 1882 Sanger’ recommended that all uterine in- 
cisions be sutured immediately after delivery. This pro- 
cedure immediately reduced the maternal mortality 
from this previously most often fatal operation. In 1912 
Krénig" described a cesarean delivery through a lower 
uterine segment vertical incision. This type of uterine 
incision gained rapid acceptance and was popularized 
as a laparotrachelotomy in the United States by DeLee 
and Cornell’ in 1922. In practice, all too frequently 
the upper portion of a low vertical incision extends 
above the physiologic retraction ring into the more ac- 
tive and thicker portion of the uterus, and hence de- 
feats some of the purposes of the lower uterine segment 
incision. If the incision extends above the physiologic 
ring, it (1) may not be able to be covered with the 
vesicouterine peritoneum, (2) may require more than 
two layers to close, (3) will be at increased risk of rup- 
ture during a subsequent pregnancy, and (4) usually 
precludes a subsequent trial of labor. Most obstetricians 
currently perform a lower uterine segment transverse 
incision that was described by Kerr? in 1926. However, 
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Table II. Intrapartum and intraoperative characteristics of 906 women who had one- or two-layer closure 
of a low transverse uterine incision for cesarean delivery | 


One-layer closure 


Two-layer closure 


(n = 457) (n = 449) 


Intrapartum 
Labor 
None 80 80 1.0 
Spontaneous 170 180 0.90 
Labored 377 82 369 82 0.90 
Oxytocin in labor 199 44 184 4] 0.44 
Epidural in labor 212 46 199 44 0.53 
Amnionitis _ 56 12 66 15 0.28 
Received antimicrobial m labor 45 10 52 12 0.40 
Cervical dilatation at cesarean section (cm) 4.5 4.4 0.57 
Duration of membrane rupture (hr) 40 36 0.61 
Intraoperative 
Pfannenstiel incision 312 68 285 63 0.128 
Anesthesia for cesarean section 0.45 
General 157 34 165 37 
Regional 300 66 284 63 
Primary operator 0.43 
Junior resident (Postgraduate year 1 or 2) 159 18 173 19 
Senior resident (Postgraduate year 3 or 4) 278 31 262 29 
Faculty 19 2 14 1.6 
Bilateral tubal ligation performed with cesarean 138 30 117 26 0.17 
section 
No prophylactic antimicrobial at cesarean 2] 4.6 18 4 0.65 
section 
Table III. Selected outcomes of 906 women who had a one or two layer closure of a low transverse 
uterine incision for cesarean delivery 
One-layer closure Two-layer closure 
(n = 457) (n = 449) 
Intrapartum 
Extra hemostatic sutures 179 39 190 42 0.34 
Extra hemostatic sutures per patient (excluding 1.65 1.94 0.046 
those who required none) 
Operative time (min) 43.8 47.5 0.0003 
Operative time (min)* 39.2 44.8 0.0001 
Postpartum 
Endometritist 83 22 65 18 0.17 
>8% decrease in hematocrit 
Preoperatively to postpartum day | 54 13 59 14 0.44 
Preoperatively to postpartum day 3 112 29 101 27 0.55 
Blood transfusion 9 2.0 ll 2.5 0.62 


*Excludes women who had a bilateral tubal ligation. 
tExcludes patients with chorioamnionitis in labor, 


this incision was not readily adopted in the United 
States. In the tenth edition of Williams Obstetrics (1950) 
Eastman noted that “instead of incising the uterus ver- 


tically, Munro Kerr advocates making the incision 


transversely. We have tried both methods and prefer 
the former incision.”” In the eleventh edition (1956) 
Eastman reversed his recommendation: “after experi- 
ence with both technics it is our cpinion that the trans- 
verse (Kerr) incision is preferable because less under- 


mining of the bladder is required and delivery of the 


fetal head is easier.’”® 


The transverse incision should not be used if the 
lower uterine segment has not sufficiently thinned and 
widened so as to make the juncture of active myome- 
trium and thinned, relatively inactive lower uterine seg- 
ment easily discernible. Situations frequently not con- 
ducive to proper development of the lower uterine seg- 
ment to accommodate this incision include prematurity, 
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absence of labor, a fetal transverse lie, and a footling 
breech presentation. In addition, an anterior implan- 
tation of a placenta previa and lateral uterine leiomy- 
oma may preclude a low transverse incision. The above, 
however, are infrequent occurrences; most obstetri- 
clans routinely use the lower uterine segment trans- 
verse incision. 

Repair of the uterine incision 1s more easily effected 
if the uterus is lifted out of the abdominal cavity. Her- 
shey and Quilligan™ reported that this maneuver is not 
associated with an increase in infectious morbidity, but 
facilitates incisional repair and affords better visualiza- 
tion of any extension of the uterine incision. It 1s rec- 
ommended that closure of a low transverse uterine in- 
cision be accomplished with one or two layers of a 36- 
inch length 0 chromic catgut suture.’” '® Attention to 
the proper techniques of creating the low transverse 
incision and delivery of the presenting fetal part usually 
result in a relatively equal thickness of the upper and 
lower margins of the uterine incision. Thus as Pritchard 
and MacDonald” suggested, a one-layer closure can be 
easily accomplished. Our data support the ability of our 
obstetricians to accomplish this closure (in only 32 of 
991 women was a low transverse incision not able to be 
closed in a one- [n = 16] or two-layer [n = 16] closure 
because of anatomic considerations). We have con- 
firmed the theoretic benefit of this closure in terms of 
operating time and the need for fewer additional he- 
mostatic sutures. The two-layer closure was in no way 
superior to the one-layer closure. 

An appropriate concern would be the integrity of a 
healed one-layer closure during a subsequent trial of 
labor. Tucker et al.” reported that in 292 women who 
subsequently underwent labor at our institution (149 
after a one-layer closure and 143 after a two-layer clo- 
sure), there were no symptomatic uterine ruptures or 
adverse perinatal outcomes in either group. Eight 
asymptomatic uterine scar separations were identified 
(three after the one-layer and five after the two-layer 
closure), 

We recommend that a transverse incision be placed 
in the true lower uterine segment and that a one-layer 
closure be used when anatomically feasible. 
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Midtrimester pregnancy termination: A randomized trial of 
prostaglandin E, versus concentrated oxytocin 


John Owen, MD, John C. Hauth, MD, Carey L. Winkler, MD, and Samuel E. Gray, MD 


Birmingham, Alabama 


OBJECTIVES: The purpose of this study was io determine whether a concentrated oxytocin infusion can 
reliably effect uterine evacuation in the midtrimester and whether such an infusion is associated with fewer 


side effects than prostaglandin E, vaginal suppositories. 


STUDY DESIGN: Patients received either prostaglandin E, (n = 42) or oxytocin (n = 45) for indicated 
midtrimester abortions in a prospecfive, randomized trial. Treatment consisted of either prostaglandin E, 
vaginal suppositories (one every 4 hours) or infusions of an escalating concentration of oxytocin ‘one 
every 4 hours). Unless delivery had occurred or was imminent after 24 hours, the agent was considered to 


have failed, and patients were crossed to the alternative method. 


RESULTS: Delivery indications were similar between the two groups. There were 6 (14%) first-agent 
failures with prostaglandin E, and 9 (20%) with oxytocin (p = 0.48). Considering the failures anc 
subsequent crossovers, 103 patien: trial regimens were completed. Fever, nausea, vomiting, and diarrhea 


were more frequent with prostaglandin E; (p < 0.005). 


CONCLUSIONS: Concentrated oxytocin is a satisfactory alternative to prostaglandin E, for midtrimester 


abortion. (Am J OspsteT GYNECOL 1992;167:1112-6.) 


Key words: Prostaglandin E, oxytocin, pregnancy termination 


In 1991 we reported our experience with a concen- 


trated oxytocin infusion protocol as a potential alter-. 


native to prostaglandin E, (PGE,) vaginal suppositories 
for the induction of labor between 17 and 24 weeks’ 
gestation.’ Our retrospective analysis of 81 patients sug- 
gested that the two methods had similar efficacy and 
that oxytocin was associated with fewer maternal side 
effects than PGE,. Because that study was not con- 
trolled for confounding variables, we undertook a pro- 
spective randomized trial. Qur hypotheses were that 
concentrated oxytocin and PGE, suppositories were 
equally effective for uterine evacuation in the mid- 
trimester and that oxytocin would be associated with 
fewer maternal side effects than PGE». 


Material and methods 


Between March 1990 and December 1991 we per- 
formed a prospective rancomized trial regimen of 
PGE, vaginal suppositories versus a concentrated oxy- 
tocin infusion regimen. The study was approved by the 
University of Alabama at Birmingham Institutional Re- 
view Board. Women admitted to the University of Al- 
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abama Hospital for an indicated termination of a preg- 
nancy of between 17 and 24 weeks’ gestation by the 
best available obstetric and ultrasonographic criteria 
were eligible to particivate. Patients already in labor 
(defined as regular uterine contractions or an initial 
cervical dilatation of 22 cm) were excluded, as were 
patients with a fundal height of >24 cm. After obtain- 
ing informed consent, the contents of a sealed, opaque 
envelope containing a patient data collection form and 
preprinted hospital orders for either PGE, supposito- 
ries or the concentrated oxytoxin protocol directed the 
initial agent to be administered. Rarely did eligible can- 
didates refuse to participate in the study. However, pa- 
tients who refused to participate before randomization 
were not considered as part of the study, and we did 
not collect any outcome information from their hospital 
course. Our protocol included treatment of women 
with intact membranes and a closed cervix by the place- 
ment of a hygroscopic dilator (Dilapan) into the cervical 
canal through the internal os 4 hours before institution 
of the uterotonic agent. In cases of ruptured mem- 
branes or antecedent cervical dilatation the dilator was 
used at the discretion of the managing physicians. Be- 
fore initiation of either uterotonic agent, intravenous 
access and baseline laboratory values were obtained and 
fetal heart activity wes recorded. 

Patients randomized to the PGE, group received one 
20 mg suppository through the vagina every 4 hours. 
Patients in the concentrated oxytocin group received 
an intravenous solution with an escalating oxytocin dos- 
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age according to the protocol depicted in Table I. At 
the end of 24 hours (usually six PGE, suppositories or 
six oxytocin infusions), if delivery was not considered 
to be imminent (expected to occur during the next 
treatment course), the agent was considered to have 
failed. Similarly, intractable and severe side effects 
from either agent were also considered a treatment 
failure. In these instances the patient was crossed over 
to the alternate method, and administration of the sec- 
ond agent was conducted in a similar fashion as pre- 
viously described. Therapy for patients who were not 
delivered after 48 hours (both agents failed) was in- 
dividualized. The decision to continue the induction 
and the choice of agents was at the discretion of the 
attending physician. 

Pharmacologic palliation of maternal side effects was 
generally managed by the obstetric nurses and house 
staff. However, patients were evaluated by the anes- 
thesia staff and had the option of requesting continuous 
lumbar anesthesia. Side effects documented in the 
medical record were abstracted after delivery. The type 
and dosages of palliative pharmacologic agents were 
similarly noted. Although the PGE, protocol specified 
premedication with antipyretic, antiemetic, and anti- 
diarrheal agents, in some cases palliative treatment was 
not administered until clinical symptoms occurred. 

Statistical analyses were performed with x’, analysis 
of variance, Fisher exact test, the Student ż test, and 
the Wilcoxon rank sum test where appropriate. If the 
probability of a type I error was =0.05, the observed 
difference was considered significant. Computation of 
type II error was performed with a one-sided, two- 
sample binomial test with a = 0.05. 


Results 


Eighty-seven women were randomized, completed 
the study protocol, and were delivered during their 
hospital stay. Concentrated oxytocin was initially used 
in 45 women; 42 received PGE,. Including treatment 
failures and subsequent crossovers, 103 individual pa- 
tient trial regimens were performed. Delivery indica- 
tions were similar in the two groups (p = 0.65; Table 
II). Congenital anomalies included both aneuploidies 
(n = 12) and structural defects (n = 32). Medical and 
obstetric complications included severe hypertensive 
disease, amnionitis, and degenerating myomas. Patients 
who were initially seen with either a fetal death or pre- 
mature rupture of the membranes were questioned as 
to the probable time of occurrence. However, the latent 
periods associated with these two diagnoses were, at 
best, only approximate and therefore are not reported. 
Selected patient characteristics for the two study pop- 
ulations were statistically similar and are compared in 
Table ITI. 

Considering only the first-round agent there were 
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Table I. Concentrated oxytocin infusion 
protocol for midtrimester labor induction 





(1) 50 units/500 mL D;NS over 3 hours; maintenance 
fluids of D,NS for 1 hour 

(2) 100 units/500 mL D,NS over 3 hours; maintenance 
fluids for 1 hour 

(3) 150 units/500 mL D,NS over 3 hours; maintenance 
fluids for | hour 

(4) 200 units/500 mL D,NS over 3 hours; maintenance 
fluids for 1 hour 

(5) 250 units/500 mL D;NS over 3 hours; maintenance 
fluids for 1 hour 

(6) 300 units/500 mL D;NS over 3 hours; if delivery not 
imminent, change to alternative therapy 


more failures in the oxytocin group (n = 9, 20%) as 
compared with the PGE, group (n = 6, 14%), but the 
difference was not significant (p = 0.48; Table IV). Of 
those 15 patients not delivered in the first 24 hours of 
treatment, 13 were delivered with the alternative agent 
in the second 24-hour period; and only two patients 
required treatment beyond 48 hours. These two 
women initially received oxytocin but ultimately re- 
quired >24 hours of treatment with PGE, suppositories 
to effect delivery. One actually was considered to have 
received a third round of treatment (after an overnight 
rest), and the other was delivered during an uninter- 
rupted extension of the second round. 

Three of the six failures in the PGE, group were a 
result of intractable maternal side effects: two patients 
experienced profound symptomatic hypotension, and 
one had hyperpyrexia >105° F and altered sensorium 
that was unresponsive to acetaminophen. These three 
women were delivered in the subsequent 24-hour pe- 
riod by using concentrated oxytocin without sequelae. 

Considering only the 72 patients who were success- 
fully delivered with their first-round agent, the mean 
time from the initiation of treatment until delivery was 
13.2 hours with PGE, and 12.6 hours with oxytocin 
(p = 0.74; Table IV). Moreover, the mean cumulative 
oxytocin dosage was 453 units (3.5 infusions), and the 
mean PGE, dosage was 65 mg (3.3 suppositories). 

Excluding the 19 patients with a fetal death before 
initiation of a uterotonic agent and considering only 
the final agent administered in the remaining 68 pa- 
tients, more live births occurred with PGE, (n = 7, 
18%) than with oxytocin (n = 1, 3%) (p = 0.07; Table 
IV). Of the seven live births noted with PGE,, only one 


occurred after a failed trial regimen of oxytocin; the 


live birth associated with oxytocin occurred after one 
successful trial regimen. According to our existing 
guidelines for extremely premature births, these eight 
infants were initially placed in a neonatal warmer for 
observation. All died within 1 hour and therefore were 
not candidates for further intensive care. 
Considering the 103 patient trial regimens, the PGE, 
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Table II. Indications for delivery in women who received either prostaglandin E, vaginal suppositories or 
a concentrated oxytocin infusion for a midtrimester pregnancy termination 


Fetal anomaly 
Fetal death 


Premature rupture of the membrane—oligohydrammnios 


Maternal medica! indications 


p = 0.65. 


No. receiving oxylocin 


No. recewing PGE, 
(n = 42) 


Table III. Selected characteristics of women with labor induced with prostaglandin E, vaginal 


suppositories versus concentraied intravenous oxytocin 


Age (yr) 

Nulliparous (%) 

Gestational age (wk) 

Initial cervical dilatation (cm) 
Hygroscopic cervical dilators used (%) 
Fundal height (cm) 

Prior transverse uterine scar (%) 
Amnionitis (%) 


group experienced significantly more symptoms and, 
except for analgesia, required significantly mor2 pal- 
liative medications than patients who received ccncen- 
trated oxytocin. The inciderce of selected symptoms 
and the palliative therapy administered are compared 
in Table V. Although patients who received PCE, re- 
ceived more analgesics, they were somewhat less likely 
to have had epidural anesthesia. Neither of these dif- 
ferences, however, were statistically significant. No pa- 
tient developed symptoms of water intoxicaticn; the 
preinfusion and postinfusion mean serum sodium val- 
ues in 13 unselected women who received concentrated 
oxytocin were identical, 136 mEq/L. 

We also sought to determine whether certain delivery 
indications were more likely to be associated with suc- 
cess in the first 24 hours of treatment. The chance that 
the initial agent would be successful was lower for 
women with a fetal anomaly (75%) than women with 
either a fetal death (89%), premature rupture of the 
membranes—oligohydramnios (94%), or a maternal in- 
dication (86%), but these differences were not signifi- 
cant (p = 0.26). With analysis of variance and Tukey’s 
studentized range test, we examined the mean time 
intervals from initiation of treatment to delive-y in the 
72 patients who were delivered in the first 24 hours. 
Across the four indication groups (Table II) there was 
a significant difference (p = 0.005), and patients with 
a fetal anomaly required significantly (p < 0.05) more 
time (15.5 hours) than patients with either a fetal death 
(11.4 hours), premature rupture of the membranes— 


(n = 45) 

23 21 

9 10 

6 1] 

4 3 

PGE, Oxtocin 
(n = 42) (n = 45) p Value 

26 26 0.74 
40 47 0.56 
20.1 19.6 0.40 
0.12 0.13 0.85 
95 89 0.28 
20 19 0.23 
aA 18 0.14 
2.4 6.7 0.62 


oligohydramnios (9.8 hours), or a maternal indication 
(8.0 hours). . 

One patient who had previously undergone a low 
transverse cesarean delivery was found to have a uter- 
ine rupture after the spontaneous delivery of the fetus 
and six infusions of concentrated oxytocin. She re- 
quired a hysterectomy to control an expanding pelvic 
hematoma. 

The first-round failure rates observed were similar 
between these two methods (p = 0.48). To exclude a 
beta error we determined that this study had a power 
of 0.8 to exclude a difference in the failure rate of 14% 
(observed in the PGE, group) to 37%, if such a differ- 
ence actually exists. 


Comment 


Prostaglandins are recognized as effective uterotonic 
agents throughout gestation and have received Food 
and Drug Administration approval for several obstetric 
indications. PGE, suppositories are easy to administer, 
and most studies report a >90% success rate for labor 
induction and evacuation of midtrimester pregnancies; 
the mean induction-to-delivery interval has ranged 
from 8 to 12 hours and the average dose has been 60 
to 80 mg.” 

The use of prostaglandins has been associated with 
numerous undesirable reactions. Frequent side effects 
include gastrointestinal distress and fever. These pose 
little threat to the patient and can usually be diminished 
with additional pharmacologic intervention. Con- 
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Table IV. Outcome by method of midtrimester labor induction 


36/42 (86%) 
Time to delivery* (hr) 13.2 
Live birth? l 18% 


First-agent treatment success 


*Considers only first-agent success. 


Excludes fetal death and considers the last agent administered. 


p Value 
36/45 (80%) 0.48 
12.6 0.74 
3% 0.07 


Table V. Side effects and palliative therapy in women with labor induced with prostaglandin E, versus 


concentrated intravenous oxytocin 


PGE, 
(n = 52) 


Fever (%) 21 
Nausea (%) 62 
Vomiting (%) 54 
Diarrhea (%) 24 
Hypotension (%) 4 
Pharmacologic agents (mean values shown) 
Meperidine (mg) 190 
Antidiarrheal (tablets) 3.2 
Promethazine (mg) 38 
Acetaminophen (mg) 4.7 
Metoclopamide (mg) 13.5 
Additional agents (%) 40 
Epidural anesthesia (%) 12 


versely, rare and possibly idiosyncratic reactions may 
be both life-threatening and difficult to anticipate. 
These reactions include hypertensive crisis, myocardial 
infarction, profound hypotension, and broncho- 
spasm.°* As a result, numerous relative and absolute 
contraindications to prostaglandins exist.’ 

Previous reports!” have documented the ability of 
higher dosages of oxytocin to effect uterine contrac- 
tions in the midtrimester. Moreover, oxytocin 1s asso- 
ciated with few systemic side effects when administered 
as a continuous intravenous infusion. Water intoxica- 
tion remains a potential risk but appears to be limited 
to clinical situations where infusions with hypotonic dil- 
uents were administered continuously for long periods 
of time.” Both our clinical observations and available 
laboratory data support the premise that the use of 
normal saline solution as a diluent and the provision 
for a significant diuresis period (25% to our protocol) 
effectively prevents this complication. Further reduc- 
tion of the infusate can easily be accomplished by con- 
centrating the dosage of oxytocin into still smaller vol- 
umes of physiologic salt solutions. 

Because of our sample size we are unable to com- 
pletely assess the failure rates associated with a con- 
centrated oxytocin infusion versus PGE, vaginal sup- 
positories. To exclude a twofold increase in the failure 
rate of 14% to 28%, a sample size of 204 patients would 
be required. Moreover, our definition of a treatment 


Oxytocin 
{n = 51) p Value 
0 <0.001 
33 0.004 
18 <0.001 
0 <0.001 
0 = 0.016 
140 =0.3 
0.1 <0.001 
19 = 0.04 
0.7 <0.001 
4.5 <0.001 
12 = 0.001 
19 = 0.26 


failure could have had a significant impact on our ob- 
served incidence. Continued administration of oxytocin 
beyond the arbitrary 24-hour limit or infusions of 
higher dosages may have yielded a higher completion 
rate in our study population. 

Live birth is a recognized complication of a mid- 
trimester medical termination. Various methods, such 
as intraamniotic instillation of hypertonic compounds, 
have been advocated to decrease the likelihood of this 
event. However, these techniques may not always be 
feasible (as with oligohydramnios) or successful. Al- 
though the data from both our retrospective report and 
the current analysis suggest that the use of concentrated 
oxytocin is associated with a lower incidence of live 
births, the statistical certainty of this hypothesis awaits 
larger clinical trials. 

We believe that preinduction priming with a me- 
chanical dilator is an integral adjunct to the procedure. 
Earlier reports'* '* have documented the benefits of the 
intracervical placement of Laminaria digitata on mid- 
trimester abortions with intraamniotic PGF» or in- 
traamniotic hypertonic saline solution. Blumenthal 
compared synthetic hygroscopic dilators to L. digitata 
and found that the synthetic devices were associated 
with shorter induction-to-delivery intervals during 
midtrimester abortions with intraamniotic PGF,,. Op- 
timal use of these devices involves their placement 
through the internal! os. This can generally be accom- 
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plished only with visualization of the cervix and effec- 
tive countertraction. 

The only case of uterine rupture occurred in a sa- 
tient with a prior low transverse cesarean section after 
delivery with concentrated oxytocin. Uterine rupture 
is a known complication associated with prostaglandin 
administration," and a prior cesarean scar may be a 
predisposing factor. Therefore we continue to coursel 
all of our patients about this possibility. 

We conclude that our concentrated oxytocin protccol 
is a satisfactory alternative to PGE, vaginal suppos.to- 
ries for performing midtrimester pregnancy termina- 
tions. 
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Antepartum management of triplet gestations 


Alan M. Peaceman, MD, Sharon L. Dooley, MD, Ralph K. Tamura, MD, and 


Michael L. Socol, MD 
Chicago, Illinois 


OBJECTIVE: We evaluated an alternative approach to the management of triplet gestations that did not 
include home uterine monitoring, prophylactic tocolysis, or routine antepartum hospitalization. 

STUDY DESIGN: Fifteen patients were managed over a 42-month period by an antepartum protocol that 
emphasized patient education regarding signs and symptoms of preterm labor, weekly prenatal visits after 
24 weeks’ gestation with cervical examination, and increased rest in an outpatient setting. Tocolytic 
therapy was only used for regular uterine contractions when cervical change was documented. 
RESULTS: Nine of 15 (50%) patients with management in this uniform manner were delivered at =35 
weeks’ gestation, and six patients (40%) completed 37 weeks of pregnancy. Only five patients (33%) 
received tocolytic therapy. The mean birth weight was 1957 + 488 gm, and only 19 of 45 neonates (42%) 


were admitted to the intensive care nursery. 


CONCLUSION: This management scheme was effective in reducing preterm delivery and thereby 
optimizing perinatal outcome. (Am J OssTet GYNECOL 1992;167:1117-20.) 


Key words: Triplet gestations, antepartum care, preterm labor 


The frequent use of technologies to enhance fertility 
has led to an increased incidence of triplet gestations 
over the past decade. This has raised considerable con- 
cern among obstetricians because triplet gestations have 
long been associated with increased perinatal morbidity 
and mortality as compared with those in pregnancies 
of lower order. However, recent reports have noted 
improving perinatal outcomes,”* and various antenatal 
interventions have been suggested as contributing to 
this improvement, including routine hospitalization, 
cervical cerclage, prophylactic oral tocolysis, intrave- 
nous tocolysis, and home uterine contraction monitor- 
ing." Each of these interventions has significant costs 
or side effects without verified efficacy in this popu- 
lation. In this report we describe an alternative ap- 
proach to the antenatal management of triplet gesta- 
tions that emphasizes patient education as to the signs 
and symptoms of premature labor, frequent prenatal 
visits with cervical examinations, and increased rest in 
an outpatient setting. We also evaluated whether this 
approach resulted in perinatal outcomes comparable 
to those reported previously with the use of other an- 
tenatal strategies. 
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Material and methods 


Fifteen patients with triplet gestations were managed 
by the maternal-fetal medicine service and were deliv- 
ered at Northwestern Memorial Hospital between Jan- 
uary 1988 and August 1991. Seven patients conceived 
with ovulation induction by means of clomiphene, men- 
otropins (Pergonal), or both, and five patients con- 
ceived with in vitro fertizilation or gamete intrafallo- 
pian transfer. Three sets of triplets were conceived 
spontaneously. One of the Pergonal pregnancies was 
originally a quadruplet gestation that underwent mul- 
tifetal pregnancy reduction of one embryo. All preg- 
nancies were diagnosed by ultrasonography as triplet 
gestations during the first trimester. Demographic data 
are presented in Table I. Four other triplet gestations 
were ascertained at this institution during this time pe- 
riod but are not included tn this report. Two underwent 
multifetal pregnancy reduction, and two continuing 
triplet gestations were managed independently by pri- _ 
vate attending physicians. 

At the first prenatal visit, all patients were counseled 
to limit exertion, but moderate activity including em- 
ployment outside the home was not initially proscribed. 
Between 20 and 24 weeks’ gestation patients were ad- 
vised to further curtail their physical activity by re- 
maining confined to the house and increasing rest. 
They were also extensively instructed as to the signs 
and symptoms suggestive of preterm labor, including 
cramps or contractions, low backache, pelvic pressure, 
and vaginal discharge or spotting. After 24 weeks’ ges- 
tation office visits were scheduled weekly, with cervical 
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Table I. Demographic data 





Payor status 


Private 13 

Clinic 2 
Race 

White 12 

Hispanic 3 
Parity 

Nulliparous 7 

Multiparous 8 
Maternal age 

235 yr 5 

30-34 yr 5 

<30 yr 5 


examination performed at every visit. Ultrasono- 
graphic examinations were scheduled every 3 to 4 
weeks to assess fetal growth and amniotic fluid volume. 
Nonstress tests were obtained weekly on all fetuses ater 
32 weeks’ gestation. Neither prophylactic oral tocolysis 
nor home uterine contraction monitoring were used. 

Patients found on cervical examination to have either 
dilatation of =1 cm or cervical shortening of 21 cm in 
the absence of regular uterine contractions were hos- 
pitalized, but tocolytic therapy was not administered. 
Patients determined to have preterm labor before 34 
weeks’ gestation (regular uterine contractions of at least 
six per hour associated with a change in cervical dikata- 
tion of =1 cm) received intravenous tocolysis with mag- 
nesium sulfate and were continued on a regimen of 
oral terbutaline until delivery or 37 weeks’ gestation. 
For those patients who reached 37 weeks’ gestation, 
elective delivery was performed if amniotic fluid, pref- 
erably obtained from the sac of the largest fetus, dem- 
onstrated a mature lung profile. Cesarean section was 
used for all deliveries. Data are presented as 
means + SD. 


Results 


Pregnancy outcome data are summarized in Table 
II. Eleven of 15 patients were ultimately admitted to 
the hospital, and once hospitalized they remained until 
delivery. Four of these 11 patients were hospitalized 
because of cervical dilatation or effacement detected 
on routine weekly examination between 24 and 32 
weeks’ gestation; only one of them subsequently re- 
ceived tocolytic therapy for preterm labor. Four cther 
patients were admitted between 28 and 31 weeks’ ges- 
tation with a diagnosis of preterm labor and received 
intravenous tocolytic therapy. Three of these four cases 
of preterm labor were detected when weekly cervical 
examination revealed significant change and subse- 
quent monitoring revealed regular uterine contrac- 
tions. All five patients receiving tocolysis gained at least 
four additional weeks before delivery. Two patients 
were hospitalized at 29 and 33 weeks for mild pre- 
eclampsia. One patient presented at 29 weeks’ gestation 


October 1992 
Am J Obstet Gynecol 


with spontaneous rupture of membranes. On initial 
evaluation the cervix was closed and no regular con- 
tractions were detected. Two days later chorioamnio- 
nitis and spontaneous labor developed. No patients had 
failure of initial tocolysis or were considered not to be 
candidates for tocolysis because of presentation with 
advanced preterm labor. 

Four patients were not hospitalized before delivery. 
Two of these patients were delivered electively at 37 
weeks without labor, and two patients were delivered 
preterm. One patient presented at 31 weeks’ gestation 
with premature rupture of membranes without con- 
tractions or dilatation, but preterm labor developed 
within 12 hours of admission to the hospital. Another 
patient presented at 32 weeks’ gestation because of con- 
stant abdominal pain. Evaluation revealed regular uter- 
ine contractions without cervical dilatation and fetal 
heart rate decelerations for triplet B. Delivery was per- 
formed because of a suspicion of abruptio placentae, 
but adnexal torsion was discovered intraoperatively. 
Neither of these two patients was thought to be a can- 
didate for tocolysis. Overall, the mean length of ges- 
tation was 34.7 + 2.6 weeks, and 6 of 15 pregnancies 
(40%) were maintained until 37 completed weeks of 
gestation. 

The mean birth weight for the 45 newborns was 
1957 + 488 gm. In six of the 15 triplet gestations, the. 
weight of the smallest newborn was <75% of the weight 
of the largest sibling, with four neonates being <10th 
percentile for birth weight standards derived from trip- 
let gestations.* Four of these six pregnancies with sig- 
nificant discrepancies were triamniotic and _ tricho- 
rionic, and the other two were triamniotic and dicho- 
rionic. 

Only six of the 15 triplet gestations (40%) resulted 
in birth before 35 completed weeks of gestation. All 18 
infants from these six pregnancies were admitted to the 
neonatal intensive care unit, as was one growth-re- 
tarded infant from a pregnancy delivered at 37 weeks. 
Respiratory distress syndrome developed in four neo- 
nates, symptomatic patent ductus arteriosus developed 
in three, two sustained grade I intraventricular hem- 
orrhage, and a ventricu_ar septal defect was detected 
in one. In one infant who was delivered at 31 weeks, 
necrotizing enterocolitis developed and the neonate 
died on the seventh day after delivery. The other 44 
neonates were ultimately discharged with normal neu- 
rologic examinations. 

Pregnancy outcomes from our series are compared 
with outcomes of other recently published series in 
Table HI. Mean gestational age at delivery, mean birth 
weight, and the percentage of patients reaching 37 
weeks’ gestation in our series of 15 pregnancies were 
equal to or greater than those reported in previous 
series. 
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Table II. Pregnancy outcomes of 15 patients with triplet gestations 






Gestational 






Tocolysis 






age al for 
Patient admission Reason for preterm 
No. (wh) hospitalization labor 








l 3] Effacement No 
2 32 Effacement No 
3 24 Dilated 1.5 cm No 
4 30 Dilated 2.5 cm Yes 
5 3] PTL Yes 
6 28 PTL Yes 
7 30 PTL Yes 
8 28 PTL Yes 
9 29 PROM © No 
10 33 PIH > No 
11 29 PIH No 
12 32 — No 
13 37 — No 
14 37 = No 
15 31 — No 






















Gestational 
age al Birth 
delivery Reason for weight NICU length 
(wk) delivery of stay (days) 





37 Term 
36 PIH 1969 —- 
35 Labor 2205 — 
37 Term 
36 Labor 2050 — 
37 Term 2345 — 
34 Labor 2000 10 
-32 PROM 1890 29 
29 PROM 950 51 
Amnionitis 1490 46 
37 Term 1995 _ 


33 PIH 1885 16 


32 Rule out 1465 27 
abruptio 1140 62 
placentae 1095 40 
37 Term 2420 — 


37 Term 2340 — 


31 PROM 1335 li 
Labor 1295 46 


NICU, Neonatal intensive care unit; PTL, preterm labor; PROM, premature rupture of membranes; PIH, pregnancy-induced 


hypertension 
*Neonatal death. 


Comment 


This report differs irom previous reports in that cer- 
vical cerclage, prophylactic oral tocolysis, home uterine 
monitoring, and routine hospitalization were not used. 
Instead, emphasis was placed on rest at home in the 
second half of pregnancy, patient education as to the 
signs and symptoms of preterm labor, frequent ex- 
aminations for cervical evaluation, and hospitalization 
for preterm labor or significant cervical change. With 
this approach favorable outcomes comparable to those 
previously reported were achieved. 


Home uterine monitoring has been tested as a tool 
to prevent preterm birth in high-risk patients. This 
technology is proposed as a method of detecting pre- 
term labor in asymptomatic patients in sufficient time 
to institute effective tocolysis. Indeed, one report sug- 
gests that patients with multiple gestations are a 
subgroup who will benefit the most from home uterine 
monitoring.’ In our series of triplet gestations six of 
the pregnancies resulted in prolonged necnatal hos- 
pitalizations related to prematurity. However, none of 
these mothers had idiopathic preterm labor for which 
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Table II. Comparison of pregnancy outcomes of triplet gestations 













Neonatal 
death 
(%) 


Preterm 
labor 


(%) 























Admitted to 
NICU (%) 


Gestational age Stillbirth 


at delivery (wk) 


Birta weight 
(gm) 


Delivery =37 
wh (%) 


Intervention 





Lipitz et al.! 78 78.2 33.2 + 3.8 —* 8.1 4.7 — 14 A,B 

Gonen et al.? 24 79.0 32.4 + 3 1582 + 440 2.8 4.3 _ 0 B, C 

Newman 198 a 33.03 1871 + 555 yy a 2.87 73.2 12.1 C, D 
et al.’ 

Elster et al.“ 1138 — 33.8 + 2.8 1912 + 521 — — -l 17.9 E 

Sassoon et al.° 16 80 33.0 + 5.1 1720 + 700 2.2 6.7 == 13 E 

Current study IB. 33.3 34.7 + 2.6 1957 + 488 0 2.2 42.2 40 F 


Interventions utilized: A, Cerclege; B, routine hospitalization; C, prophylactic tocelysis; D, home uterine monitoring; £, not 


specified; F, none. 
*Dash, Data not provided. 


tCorrected to exclude congenital anomalies and deliveries <24 weeks’ gestation. 


home uterine monitoring would have prolonged the 
pregnancy. Two patients had a timely diagnosis of pre- 
term labor with successful tocolysis for 4 weeks, two 
patients incurred spontaneous premature rupture of 
membranes without labor, one patient was delivered 
because of worsening preeclampsia, and one patient 
was delivered because of abnormal fetal surveillance 
and maternal symptoms related to adnexal torsion. All 
eight gravid women with preterm labor or significant 
premature cervical dilatation had the condition de- 
tected by symptoms or routine cervical examination, 
allowing for hospitalization and significant pregnancy 
prolongation. l 

Newman et al.’ reported significantly reduced 
duration of maternal antepartum hospitalization with 
the use of home uterine monitoring. The average 
antenatal length of stay for diagnoses other than pre- 
term labor was 15.2 + 15 days, but they did not report 
the lengths of stay for mothers with a diagnosis of pre- 
term labor. This is relevant in that almost two thirds of 
their patients were diagnosed as having preterm labor, 
and consequently it is difficult to compare the durations 
of maternal hospitalization between series. 

Although 11 of 15 patients in our series were hos- 
pitalized for antepartum care, only five (33%) were di- 
agnosed with preterm labor and treated with tocolytic 
therapy. This is far below the incidence of preterm 
labor cited in previous studies of triplet gestations, 
where a range of 66% to 80% has been reported.’* ° 
This difference is most likely due to our policy of not 
administering tocolytic therapy until cervical dilatation 
in the presence of regular uterine contractions has been 
documented under observation.’ In spite of awaiting 
significant dilatation rather than initiating tocolysis tor 
contractions alone, no patient in this series who might 
have been a candidate for tocolysis was delivered before 
35 weeks’ gestation. 


The pregnancy outcomes reported here are com- 
parable to prior reports utilizing cervical cerclage,’ pro- 
phylactic tocolysis,* ê routine hospitalization,” ? and 
home uterine monitoring.’ The favorable outcomes ob- 
served in our series are unlikely to be due to demo- 
graphic differences in patient populations, because 
triplet gestations predominantly occur secondarily to | 
infertility therapies. Rather, our results suggest that a 
protocol involving patient education, frequent cervical 
examinations, bed rest in early pregnancy, and hospi- 
talization for significant cervical dilatation or efface- 
ment is an effective alternative in decreasing preterm 
delivery in triplet gestations. 
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The development and testing of new instruments for operative 


vaginal delivery 


Byron D. Elliott, MD, Louis E. Ridgway, MD, Michael D. Berkus, MD, 


Edward R. Newton, MD, and William Peairs, MS 


San Antonio, Texas 


OBJECTIVE: Little innovation has occurred in recent years in the instruments available for operative 
vaginal delivery. The purpose of this study is to develop a technique to test the utility of an investigational 
device, the obstetric bonnet, and measure the forces it places on the fetal head. 

STUDY DESIGN: We constructed a model of the fetal head capable of measuring both compression and 
vacuum created by an applied device. A total of 18 devices were tested to a maximum traction of 60 


pounds. 


RESULTS: A significant linear relationship exists between the traction applied and the compression 

(R? = 0.42, p = 0.0004) and vacuum (R? = 0.85, p = 0.0001) created. Compression and vacuum 
recorded at maximum recommended traction were 1.1 Ib/sq in and 31 cm Hg, respectively. 
CONCLUSION: These findings explain the mechanics of this interesting device, and demonstrate forces 
that compare favorably with those known to occur with forceps or vacuum extraction. (AM J OBSTET 


GYNECOL 1992;167:1121-4.) 


Key words: Instrument-assisted delivery, fetal head, traction 


Several studies have been undertaken in the past to 
determine the forces instrument-assisted deliveries 
place on the fetal head, with general agreement among 
authors. The average traction required to effect deliv- 
ery ranges from 20 to 30 pounds of force.' The de- 
velopment of this degree of traction necessitates 
compression of the fetal head ranging from 2 to 
9 lb/sq in with forceps** or achievement of vacuum 
forces >30 cm Hg with the vacuum extractor. However, 
greater forces are possible with both instruments. The 
maximum recommended vacuum is 60 to 70 cm Hg 
for the vacuum extractor, which will allow tractive 
forces of approximately 50 pounds.’ The injudicious 
use of forceps can achieve tractive forces of 100 pounds, 
causing fetal head compression of up to 20 Ib/sq in.” ” 

The rate of significant maternal injury, such as 
fourth-degree lacerations or hematoma formation, 
with instrument-assisted delivery ranges from 20% to 
48%.°* Serious fetal complications occur in 2% to 12% 
of instrument-assisted deliveries, and cosmetic injuries 
occur in 17% to 58%.” These injuries appear to be 
related to the amount of force experienced by both 
mother and fetus. 
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The obstetric bonnet, as pictured in Fig. 1, is a dis- 
posable latex device that is designed to unroll over the 
fetal occiput to the level of the brow and suboccipital 
regions within the vagina of the mother. Theoretically, 
as traction is applied to the handle, the stretching of 
the latex material tightens the device against the fetal 
head, and the potential space created between the dome 
of the device and the fetal occiput produces a vacuum, 
further strengthening its adherence to the fetus. 

The laboratory evaluation of this device was under- 
taken to confirm the physics underlying its function, to 
estimate whether it might have clinical utility, and to 
determine the forces it could be expected to place on 
the fetal head. This information would be pivotal in 
the decision to initiate clinical trials of this device. 


Material and methods 


We constructed a model to simulate a term fetal head 
by mounting a domed, polypropylene cylinder with a 
circumference of 33 cm to a stationary support. An 
open port at the apex of the dome measured the vac- 
uum created between the device and the fetal occiput, 
and a sealed bladder adhered circumferentially mea- 
sured lateral compression delivered to the fetal frontal, 
lateral, and suboccipital regions. Both closed systems 
were connected via pressure tubing to standard Bour- 
don gauges indicating vacuum in centimeters of mer- 
cury and compression in pounds per square inch. A 
force gauge calibrated in pounds of force was attached 
to the handle of the device and placed in series with 
the traction being applied. Prior studies have used sim- 
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Fig. 1. Application of obstetric bonnet. 


Table I. Summary of the forces created by the 


obstetric bonnet 













Vacuum created 
(cm Hg, 
mean + SD) 


Compression created 
(lb/ sq in, 
mean + SD) 


Traction applied 
(lb) 









10 1) = 3 0.5 20.5 

20 IS 5 0.6 + 0.3 

30 ae D 0.7 = 0.3 

40 ot es 0.9 + 0.4 

50 ae = 6 L.1 205 

60 A te ie | 1.22035 
nes 


ilar means for determining the forces created by deliv- 
ery instruments.'® '° 

To test the devices, each was unrolled to its full length 
over the cylinder, covering both the vacuum port and 
the compression bladder. Traction was then applied 
to its handle to a maximum indicated force of 60 
pounds in increments of 10 pounds, and vacuum and 
compression were recorded at each level. Both the 
model and the device were moistened with water dur- 
ing these experiments. 

Simple linear regression was used to test the rela- 
tionship between the traction experimentally applied 
to these devices and the resulting vacuum and compres- 
sion they placed on the model. A value of p = 0.05 was 
considered significant. 


Results 


All 18 devices maintained stable adherence to the 
model during the application of traction through the 
maximum tested force of 60 pounds. Table I summa- 
rizes the vacuum and compression recorded during 


these studies as mean + SD. A significant linear rela- 
tionship exists between the traction applied to the de- 
vice and the vacuum created within its dome 
(R? = 0.85, p < 0.0001). Likewise, traction and lateral 
compression are significantly related (R? = 0.42, 
p < 0.0004). These data are graphically represented in 
Figs. 2 and 3. 


Comment 

This encouraging preliminary evaluation of the ob- 
stetric bonnet has demonstrated the following: (1) This 
device provides adequate adherence, allowing traction 
forces commonly required in instrument-assisted de- 
livery; (2) the compression and vacuum forces it creates 
are graded and compare favorably with those known 
to occur with forceps and vacuum extraction; (3) most 
important, the development of new delivery modalities 
within current technology is a possibility. It is hoped 
that this promising laboratory performance will trans- 
late into clinical reality in ongoing clinical trials. 

The development and testing of new modalities for 
instrument-assisted delivery are greatly impeded by nu- 
merous physical, regulatory, and ethical limitations. 
First, there exists no suitable animal model to test the 
application, efficacy, and safety of new instruments. 
Thus the only guide to development and modification 
of new instrumentation is through clinical experience 
in humans. Second, the occurrence of term stillbirth 
with intact cranium and skin is rare in modern obstet- 
rics, precluding the use of such deliveries for large- 
scale evaluation of experimental devices. Likewise, the 
use of stillbirth deliveries would yield no information 
concerning the safety of the device or neonatal out- 
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Fig. 2. Relationship between traction and vacuum in obstetric bonnet. 
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Fig. 3. Relationship between traction and compression in obstetric bonnet. 


a crucial role in facilitating the pro- 


models will play 


the ethical! consid- 


erations regarding prospective evaluation of new de- 


? 


come. Third, and most important 


gression from new idea to clinical trial. As demon- 
strated in this study, the forces the obstetric bonnet 
places on the fetal head are expected to be less than 


vices on the viable, unborn fetus dictate that a potential 
benefit for the fetus must be demonstrated before the 


initiation of clinical trials. 


those produced by existing instruments, thus demon- 


strating a potential benefit for the fetus with the use of 
this new instrument. These data have proved to be 


Given the numerous obstacles to the proper evalu- 
ation of new delivery devices, it is clear that laboratory 
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sufficient to satisfy the regulatory and ethical con- 
straints to proceeding with preliminary clinical trials of 
this device. 

It is our hope that the presentation of this experi- 
mental device argues strongly that advancement in the 
instrumentation of operative vaginal delivery is not 
only desirable but also entirely possible with existing 
materials and technology. We present this study as a 
possible method to develop new delivery instruments 
from initial concept through approval for preliminary 
clinical use, and we would encourage other investiga- 
tors to explore possible alternatives to current instru- 
mentation. 
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Effect of angular traction on the performance of modern 


vacuum extractors 


Kevin L. Muise, MD, Method A. Duchon, MD, and Richard H. Brown, PhD 


Cleveland, Ohio 


OBJECTIVE: Our objective was to describe the effect of off-axis traction on the performance of modern 


vacuum extractors. 


STUDY DESIGN: Eight vacuum extractors were examined in the laboratory with a force indicator and fetal 
cephalic model. Devices evaluated included the 6 cm Malmstrom, Mity-Vac, M-Type, O'Neil, Posterior, 
Silic, Tender-Touch, and silicone elastomer. Maximal tractive force (pop-off} was measured for each device 


at 10-degree increments from the vertical. 


RESULTS: Multivariate regression analysis described the best mode! as follows: Maximal tractive 

force = Constant + Angle + Vacuum (p < 0.05). The partial regression coefficients for angle were 
negative in all devices except the Posterior cup. At increasing angles of off-axis traction, maximal tractive 
force decreased in the following order: Silc, silicone elastomer, Tender-Touch, M-Type, Mity-Vac, O'Neill, 


Malmstrom, and Posterior. 


CONCLUSIONS: Application of oblique traction resulted in a linear decline in maximal tractive force. An 
understanding of in vitro performance may allow tailoring of cup selection to the clinical situation. (Am J 


Opsstet GYNECOL 1992;167:1125-9.) 


Key words: Vacuum extractor, oblique traction, off-axis traction, maximal tractive force 


Successful vacuum extraction requires proper cup 
application and force of traction.’ Since its reintro- 
duction into obstetrics by Malmstrom,’ the vacuum ex- 
tractor has undergone modification of design and ma- 
terials in an attempt to enhance performance. This has 
resulted tn a baffling array of instruments available to 
the clinician. The advantages of various devices have 
not been clearly established in the literature because, 
like forceps, each device has unique properties. It is 
recognized that an oblique pull is more likely to dis- 
lodge a vacuum cup,” but its separate contribution to 
device failure has not been described. Failure to effect 
delivery may be a consequence of unsuitable cup choice 
and not poor choice of candidate for operative vaginal 
delivery. The current study was designed to isolate the 
effect of oblique traction on the performance of vac- 
uum extractors. 


Material and methods 


Eight vacuum extractors were evaluated: (1) 6 cm 
original design Malmstrom,’ (2) Mity-Vac~-type cup 
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(Columbia Medical & Surgical, Inc., Bend, Ore.), (3) 
M-Type® (Neward Enterprises, Cucamonga, Calif.), (4) 
O’Neil (as described by Thiery et al.*), (5) Posterior (as 
described by Bird’), (6) Silc (Ameda/Egnell, Cary, Ill), 
(7) Tender-Touch (Columbia Medical & Surgical), and 
(8) silicone elastomer (Dow Corning, Midland, Mich.). 
A fetal cephalic model consisting of a rigidly mounted 
10 cm solid sphere covered with canine skin was con- 
structed as previously reported.* Vacuum was obtained 
with a Medela~Dominant pump (Medela Inc., Crystal 
Lake, Ill.) with in-line gauge. Force of traction was mea- 
sured with an Artech S-100 load cell (Artech, Whittier, 
Calif.) applied to the handle of each device tested. The 
vertical axis of the perpendicular to the base of the cup 
was designated 0 degrees. Maximal tractive force (de- 
fined as the force of detachment or pop-off) was mea- 
sured repeatedly for each device at 10-degree incre- 
ments from 0 to 30 degrees and then at 45 degrees. 
Applied vacuum was 350, 450, and 550 mm Hg. In 
pilot trials the cup drifted toward the direction of trac- 
tion decreasing the angle of traction. Results reported 
were corrected for cup drift by holding the cup at cen- 
ter. A Gould 222 two-channel recorder (Gould, Inc., 
Cleveland) continuously documented tractive force and 
applied vacuum. The system was calibrated with stan- 
dard weights for each series of experiments. 
Multivariate regression analysis described the rela- 
tionship between the dependent variable, maximal trac- 
tive force, and the predictor variables, vacuum and an- 
gle. Variables with a p < 0.05 were considered signifi- 
cant and were included in the best-fitting model. A 
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Fig. 1. Three-dimensional regression plane fitted to data obtained with Mity-Vac vacuum extractor. 


Table I. Partial regression and multiple 
correlation coefficients of angle and vacuum 
for the tested devices 


Silc — 0,266 0.028 0.841 
Silicone elastomer — 0.262 0.019 0.819 
Tender-Touch ~ 0.069 0.015 0.599 
M-Type ~ 0.057 0.021 0.854 
Mity-Vac — (0.054 0.021 0.866 
O'Neil — 0.046 0.026 0.892 
Malmstrom — 0.044 0.025 0.795 
Posterior 0.016 ' 0.021 0.768 


value of p< 0.05 was considered significant for the 
rejection of the hypothesis that the regression surfaces 
were equal. Data were analyzed with Systat version 5.01 
statistical software (Systat, Inc., Evanston, Iil.). 


Results 


The possibility of quadratic and nonlinear models 
was investigated and did not exist. The handle of the 
Tender-Touch vacuum extractor detached from the 
cup at angles >30 degrees. Calculation of the regres- 
sion equation for this device did not include data at 45 
degrees. The best model was as follows: Maximal trac- 
tive force = Constant + Angle + Vacuum. The model 


was statistically significant {p < 0.05) in all eight vac- 
uum extractors. Each device was described by a unique 
(p < 0.05) regression equaton. 

The relationship between maximal tractive force and 
the predictor variables, angle and vacuum, can be 
graphically depicted as a three-dimensional regression 
plane. Fig. 1 illustrates a typical three-dimensional 
regression plane. This regression plane was fitted to 
the data obtained with the Mity-Vac—type device. An 
inverse relationship was seen between angle and force. 
This relationship was observed in all devices tested ex- 
cept the Posterior cup. Force was seen to increase with 
additional vacuum. This strong positive relationship 
between force and vacuum was seen in all devices 
tested. 

Table I shows the partial regression coefficients and 
multiple correlation coefficients for each device tested. 
The partial regression coefficient is the change in force 
for each unit of change of a predictor variable when 
the other predictor variable remains unchanged. The 
cups are listed in ascending order of partial regression 
coefficient for angle. The Sile cup lost the most force 

with oblique traction. At increasing angles of off-axis 
traction, maximal force decreased in the following or- 
der: Silc, silicone elastomer, Tender-Touch, M-Type, 
Mity-Vac, O’Neil, Malmstrom, and Posterior. The 
O’Neil, Malmstrom, and Posterior cups are metal. 
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Fig. 2. Three-dimensional regression plane fitted to data obtained with Posterior cup vacuum ex- 


tractor. 


These cups had a higher partial regression coefficient 
of vacuum and a lower partial regression coefficient of 
angle. With equal angles of off-axis traction and applied 
vacuum, the metal cups had greater maximal tractive 
force when compared with that of the plastic cups. 
Fig. 2 is the three-dimensional regression plane fitted 
to the data obtained with the Posterior cup. Unlike the 
other devices tested, the Posterior cup’s maximal trac- 
tive force increased with oblique traction. This rela- 
tionship can be appreciated by its partial regression 


coefficient that is positive (0.016 kg of force per off- 
axis degree). 


Comment 


Wylie,’ Moolgaoker et al., and Laufe" have shown 
an average tractive force of 16 kg in nulliparous women 
and 12 kg in multiparous women is needed to effect 
forceps delivery. Our laboratory has previously shown 
that the 6 cm Malmstrom, silicone elastomer, and Mity- 
Vac cups can deliver force in this range with application 
of 550 to 600 mm Hg vacuum.® Without oblique pull, 
application of 550 mm Hg vacuum will deliver force 
this range with the Silc, Tender-Touch, M-Type, 
O'Neil, and Posterior cups. 

Bird? emphasized the importance of flexion of the 
fetal head in vacuum extraction. He reported that 


placement of the cup to the “flexing median” (centered 
on the sagittal suture, 3 cm anterior to the posterior 
fontanelle) anc traction in the axis of the pelvis promote 
flexion, synclitism, and extraction. Vacca' confirmed his 
observations. A “flexing median” application may result 
in the cup not pointing toward the pelvic axis and trac- 
tion being applied off axis to the cup. Our data show 
that there is a decrease in maximal tractive force when 
traction is applied off axis in all cups tested except the 
Posterior cup. Oblique traction could result in force 
less than that necessary to extract the fetus. 

Our model system is an approximation of the clinical 
situation with several limitations. The fetal head is a 
complex structure composed of skin, connective tissue, 
aponeurosis, skull, and brain. The cephalic model is 
simplistic in comparison. Force measured is maximal 
tractive force. We recognize that maximal tractive force 
may not be the most important variable in device per- 
formance. 

Our mathematic model explains the available com- 
parative clinical trials. We were unable to locate any 
clinica] studies inconsistent with our data. Carmody et 
al.* published a randomized comparison of the modi- 
fied Malmstrom and the O’Neil cup. The O'Neil cup 
was designed with a rotating collar intended to allow 

off-axis traction without deterioration of performance. 
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There was no description of the modified Malmstrom 
cup size used. They found no significant difference 
between the cups in ability to effect delivery. Thiery 
et al.* compared the 5 cm Malmstrom to the O’Neil cup 
in a randomized prospective stucy and found no sig- 
nificant difference between the two in ability to extract. 
Our data support that there is no advantage to the 
O'Neil design. 

Hammarstrom et al. and Cohn et al.'* in controlled 
studies confirmed increased failure rates with plastic 
versus metal cups. Hammarstrom compared the sili- 
cone elastomer cup with the 5 cm Malmstrom and noted 
an 18% failure rate compared with a 2% rate with the 
Malmstrom. Cohn et al. used the Silc cup and com- 
pared it with four types of meta! cups including the 
O'Neil, the Malmstrom, and its ariterior and posterior 
modifications. He noted a 16% faihure rate with the Silc 
and a 10% failure rate with metal cups. These clinical 
findings are consistent with our data. Metal cups have 
both a higher partial regression coefficient of vacuum 
and less deterioration with off-axis traction. 

Hofmeyr et al.* in a randomized trial of plastic and 
metal cups compared the Silc and silicone elastomer 
cups with the new Bird and O'Neil cups. An increased 
incidence of cup detachment was noted in the plastic 
cups (38% vs 5.6%). Eighty percent of the plastic cup 
detachments occurred in deliveries with the occiput in 
the lateral or posterior position. Oblique traction is 
more common in lateral and posterior occipital extrac- 
tions. Our data suggest that this would result in cup 
detachment at a lower tractive force. This trial is con- 
sistent with our data. 

Hofmeyr et al.'* questioned the extrapolation of our 
laboratory tractive force measurements to those that 
they obtained in vivo. Clinically determined tractive 
forces:‘are the summation of an aggregate of factors. 
Our laboratory’s previous report® described maximal 
tractive force with straight pull only. We have shown 
that device used, applied vacuum, and off-axis angle 
of traction are important independent variables in de- 
termining maximal tractive force. Additional factors 
that contribute to maximal tractive force remain to be 
defined. Device performance is Dest conceptualized 
through analysis of its component parts. Our mode! 
system allows an understanding of an independent 
variable’s intrinsic contribution to maximal tractive 
force. 

An accurate calculation of angle required manually 
steadying the cup while applying traction. This mimics 
the clinical situation, because the nontractive hand 
should be used to steady and guide the cup during 
extraction." ’*'® Our laboratory model is a valid dupli- 
cation of clinical conditions. 

The attachment of the handle in the newer plastic 
cups explains its greater loss of tractive force with 
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oblique traction. Unlike Carmody et al.,* we do not 
believe placement of the nozzle for the suction tube is 
important in limiting cup detachment with off-axis trac- 
tion. All plastic devices tested except the Tender-Touch 
are a single mold design. The handle and cup are one 
piece. With application of off-axis traction, the handle, 
being fixed perpendicular to the cup, becomes a ful- 
crum. The result is a tendency for the cup to tilt, de- 
form, and subsequently detach. Mechanics suggest that 
the rigidity of the handle increases with greater vac- 
uum, further compromising its performance. The Ten- 
der-Touch is a stiff plastic handle inserted into a silicone 
elastomer cup. The flaw in its design illustrates the 
effect of handle rigidity. The handle regularly detached 
from the cup with oblique traction of 230 degrees. The 
flexible handle common to the rigid metal cups 1s less 
a fulcrum to the cup. With oblique traction, cup de- 
tachment occurs at a greater tractive force. The Pos- 
terior cup handle is a nylon cord attached to the lip of 
the cup. The attachment transfers the moment of trac- 
tion closer to the fetal head, resisting cup tilt with 
oblique traction. 

Our laboratory model has demonstrated a linear de- 
cline in maximal tractive force with application of off- 
axis traction. The combination of applied vacuum and 
off-axis angle can be used to estimate the amount of 
force available for extraction in vitro. The results of 
available clinical trials can te explained with our mul- 
tivariate regression model. An understanding of an in- 
dividual cup’s intrinsic properties in vitro may allow 
tailoring of cup selection to the clinical situation. 
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How frequently should the amniotic fluid index be repeated? 


David C. Lagrew, MD, Richard A. Pircon, MD, Michael Nageotte, MD, 


Roger K. Freeman, MD, and Wendy Dorchester, MPH 


Long Beach and Orange, California 


OBJECTIVE: Our objactive was to determine the most appropriate interval for assessing amniotic fluid 


volume with amniotic fluid index. 


STUDY DESIGN: In a retrospective analysis amniotic fluid indexes performed every 3 to 4 days in 
antepartum testing patients were compared with their follow-up values. Of 10,742 amniotic fluid indexes 
there were 7393 with follow-up values within 4 days. The results were stratified by current amniotic fluid 


index, gestational age, and concurrent nonstress test results. The groups were compared with x? analysis. 
RESULTS: Patients with norma! amniotic fluid index (=8 cm) had a 0.54% chance of oligohydramnios 

developing in the next 4 days. Those patients with low normal amniotic fluid indexes (5 to 8 cm) had a 5% 
chance of oligohydramnios developing within the next 4 days, and patients with low amniotic fluid indexes 
(=5 cm) had a 59% chance of persistent oligohydramnios 4 days after the index examination. Subdividing 


by gestational age demonstrated that patients =41 weeks’ gestation had a 2.6% chance of 
oligohydramnios developing within 4 days if current amniotic fluid index was between 8 and 15 cm. 
Results of concurrent fetal heart rate findings did not appear to change the risk for development of 


oligohydramnios. 


CONCLUSION: In patients <41 weeks’ gestation with normal amniotic fluid indexes, a repeat amniotic 
fluid index is not necessary for 7 days. (Am J OBSTET GYNECOL 1992;167:1129-33.) 


Key words: Amniotic fluid index, oligohydramnios, antenatal surveillance 


Diminished amniotic fluid has been considered by 
most to be a marker of fetal compromise. Clinical stud- 
ies have correlated low amniotic fluid with an increased 
perinatal morbidity and mortality.’ Therefore assessing 
amniotic fluid volume has become a widely used 
method in the determination of fetal well-being. 
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Various methods have been proposed to estimate the 
amniotic fluid volume by ultrasonography. Initially, the 
amniotic fluid volume was evaluated by the measure- 
ment of a single fluid pocket.? More recently, the four- 
quadrant amniotic fluid index has been proposed as a 
more accurate measure of amniotic fluid.* Regardless 
of the method many clinicians have added some form 
of amniotic fluid assessment to conventional fetal heart 
rate (FHR) testing, such as the nonstress test (NST), in 
the hope of improving testing sensitivity. Such a testing 
scheme has been termed the modified biophysical pro- 
file; it has been proved effective in preventing perinatal 
mortality.* * 

There is evidence to suggest that a twice-weekly NST 
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Table I. Indication for testing 


Indicatson % 

Diabetes 8.9 
Chronic hypertenston 3.6 
Pregnancy-induced hypertension 4.5 

with protein 
Pregnancy-induced hypertension 3:9 

without protein 
Postdates 25.6 
Intrauterine growth retardation 13.7 
Previous stillbirth 2.7 
Oligohydramnios 2.8 
Premature rupture of mem- 4.9 

branes 
Maternal age 12.8 
Decreased fetal movement 17.1 
Third-trimester bleeding 3:9 
Discordant twins 2,5 
Asthma 1.3 
Renal disease 0.5 
Twins not discordant 4.9 
Fetal anomalies 1.3 
Maternal drug abuse 0.9 
Premature labor 7.5 
Other 16.7 





improves perinatal outcome. Consequently, amniotic 
fluid assessment is arbitrarily being performed twice 
weekly with the NST. This has resulted in an increased 
cost and inconvenience to the patient because of ad- 
ditional equipment requirements and longer testing 
time. We reviewed our antepartum testing experience, 
including 10,742 amniotic fluid indexes in an effort to 
evaluate the need for twice-weekly amniotic fluid as- 
sessment. 


Material and methods 


Antepartum testing results and pertinent clinical data 
have been prospectively collected at Memorial Women’s 
Hospital, Long Beach, Calif., since 1976. In September 
1988 use of the modified biophysical profile (NST and 
amniotic fluid index) for primary fetal surveillance of 
high-risk pregnancies was initiated. The amniotic fluid 
index was performed and interpreted as reported by 
Rutherford et al. The deepest vertical pocket of am- 
niotic fluid in each of the four quadrants of the uterus 
was measured and summed. The result was considered 
abnormal (oligohydramnios) if the sum of the four 
quadrants totaled =5. Values of 5.1 to 8.0 were con- 
sidered low normal, and results >8 but <25 were in- 
terpreted as normal. 

The NST was considered reactive if there were two 
accelerations that reached a peak of 15 beats/min above 
the baseline and lasted at least 15 seconds in a 20- 
minute window of recording time. If significant FHR 
decelerations were noted during the testing period, 
then the test result was read as abnormal. The type of 
deceleration was recorded. Variable decelerations were 
considered significant if the heart rate fell at least 30 
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beats/min from the baseline or if the deceleration lasted 
>30 seconds. 

By convention, those patients with a normal amniotic 
fluid index and a reactive NST without decelerations 
had testing repeated in 3 to 4 days. All patients with 
an abnormal modified biophysical profile had a backup 
antepartum test. Backup tests included either a con- 
traction stress test or a complete biophysical profile. 
Contraction stress testing procedures and test inter- 
pretation are described elsewhere.’ Amniotic fluid vol- 
umes were performed with a Toshiba ultrasonography 
unit with a 3.5 MHz linear array transducer. Biophys- 
ical profiles were performed and interpreted as out- 
lined by Manning et al; except for amniotic fluid as- 
sessment. The amniotic fluid volume was evaluated 
with the amniotic fluid index, as previously described. 

Intervention for abnormal testing was dependent on 
the specific clinical situation and was the decision of the 
primary care physician, often in consultation with the 
perinatal staff. Indications for testing and gestational 
age estimation were assigned by the attending staff and 
were recorded prospectively. The indication of post- 
term was defined as those patients whose pregnancies 
were beyond their expected date of confinement. In- 
dication of testing was not uniform in this population 
and was at the discretion of the attending physician. 
For statistical evaluation, preterm was defined as a ges- 
tational age =37 completed weeks. Thirty-eight to 40 
completed weeks was considered term, and tests per- 
formed after 40 completed weeks were defined as post- 
term. All FHR test results were read by a staff physician. 
All test interpretations were performed and recorded 
prospectively. 

The data were organized into data base structure and 
sorted by test date. Application programs were written 
to determine the lowest amniotic fluid index within 4 
to 7 days of follow-up. The results were compiled and 
sorted by current amniotic fluid index, FHR results, 
and gestational age at the time of testing. A x? analysis 
was performed to determine statistical significance. A 
level of p < 0.05 was defined as significant. 


Results 


From Sept. 1, 1988, to Dec. 31, 1990, there were 
10,742 amniotic fluid indexes performed in 2304 pa- 
tients. The mean age of patients tested was 28.3 + 5.9 
years. The mean gravidity and parity were 2.6 + 1.8 
and 0.9 + 1.2, respectively. Indications for testing are 
seen in Table I. Postterm pregnancy was the most com- 
mon indication. Other common indications included 
hypertension, diabetes mellitus, intrauterine growth re- 
tardation, and decreased fetal movement. 

Of the 10,742 amniotic fluid indexes performed, 
7398 patients had a follow-up amniotic fluid index 
within 4 days. On occasion and for various reasons, 
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Fig. 1. Breakdown of 10.742 amniotic fluid indexes recorded in study period. 
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Fig. 2. Follow-up amniotic fluid yolumes with current oligohydramnics (<5 cm) at 4 and 7 days. 


protocol was broken, resulting in 696 tests being fol- 
lowed up <4 and 27 days. 

Follow-up tests were not performed for 2304 ante- 
partum tests because the antepartum test was the last 
test before delivery. Three hundred forty-four patients 
were lost to follow-up. There were no stillbirths during 
the study period. 

Test results can be seen in Fig. 1. Two hundred forty- 
eight tests were read as showing oligohydramnios with 
an amniotic fluid index of =5. The majority of these 
patients were subsequently delivered; however, 107 pa- 
tients had a follow-up test (Fig. 2). Forty-one percent 
of these patients had a normal or low-normal result 
on follow-up. The remainder had persistent oligohy- 
dramnios. . an 

Results of follow-up tests for those patients with a 
low-normal amniotic fluid index can be seen in Fig. 3. 
In 5% of 1475 patients with a low-normal result oli- 
gohydramnios developed within 4 days, and in 7% of 
1567 patients oligohydramnios developed within 7 
days. Nearly half the patients had an amniotic fluid 
index >8 within 4 days. There were 5822 normal am- 
niotic fluid indexes with 4 days of follow-up. OFf these, 


oligohydramnios developed in 32 (0.54%). With exten- - 


sion of follow-up to 7 days oligohydramnios developed 


in 50 of 6420 (0.77%). Backup FHR testing and bio- 


physical profile testing remained reassuring in those 
patients with development of oligohydramnios who 
were not delivered. None, of the 34 patients with 


: ‘polyhydramnios had oligohydramnios within 7 days of 


follow-up. | 
The effect, of gestational age on follow-up test result 


. was then evaluated. The percent of patients with de- ` 


velopment of oligohydramnios within 4 days as a func- 
tion of gestational age and amniotic fluid index result 
can be seen in Fig. 4. The postterm group had a greater 
chance of having oligohydramnios when compared 


with the preterm and term groups at both low normal 
- and at 8 to 15.cm. This included those with a normal 


and low-normal amniotic fluid index result. In the post- 


` term group with low-normal fluid, 15 of 125 (13.5%) 


had oligohydramnios within 4 days. This percentage 
was significantly greater than in term (32/587, 5.4%, 
? = 7.08, p< 0.008) and preterm (33/698, 4.5%; 


. x? = 9.93, p'< 0.002) patients. The normal range was 


further subdivided ‘at 15.cm. In the 8.1 to 15.0 range, 
postterm patients were also more likely to have oligo- 
hydramnios (6/231, 2.6%). This was comparable to am- 
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Fig. 3. Follow-up amniotic fluid volumes with low-normal amniotic fluid index (5.1 to 8.0 cm) at 4 
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Fig. 4. Subdivision of 4-day follow-up fluid assessment by gestational age at time of testing. Percent 
of patients with development of oligohydramnios is shown by various amniotic duid index (AFI) 


categories. 


niotic fluid indexes (10/1475, 0.08%; x? = 5.98, 
4 < 0.01) and amniotic fluid indexes in preterm ges- 
tations (12/3135, 0.38%; x? = 15.89, p < 0.0006) with 
subsequent development of oligohydramnios within 4 
days. 

Results of concurrent FHR testing did not appear 
predictive for the development of oligohydramnios. Pa- 
tients with significant variable decelerations and late 
decelerations were compared with those without de- 
celerations. Regardless of the amniotic fluid index re- 
sult at the time of the deceleration, there was no sig- 
nificant difference between groups at 4 and 7 days of 
follow-up. l 


Comment 


Testing intervals for all forms of antepartum assess- 
ment are initially arbitrary. With clinical experience we 
are better able to determine if that interval is adequate. 
Sanchez-Ramos et al.* began weekly testing with the 
contraction stress test or the basis of the patient's 
weekly visit. Clinical experience with large numbers of 
patients demonstrate this to be effective.® Initially the 
NST was performed on a weekly basis. However, more 
recent studies appear to suggest that the NST is more 
effective when performed twice weekly.° The same is 


_true for the biophysical profile. Considerable clinical 


experience with the biophysical profile has resulted in 
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the recommendation of twice-weekly testing in patients 
with diabetes, in patients with fetal growth retardation, 
and in postterm pregnancies.'® 

More recently the modified biophysical profile has 
been recommended as an effective antepartum testing 
method.** It is the combination of a NST with an ul- 
trasonographic assessment of amniotic fuid. The NST 
is considered a short-term marker of fetal well-being. 
As previously noted, the NST appears to be more ef- 
fective in preventing fetal stillbirth when performed 
twice weekly. Amniotic fluid assessment is a chronic 
marker of fetal well-being, and therefore more fre- 
quent testing may not necessarily improve testing sen- 
sitivity. 

A review of our experience suggests patients at <4] 
weeks’ gestation, with an amniotic Huid index >8 cm 
have a chance of <] in 200 of oligohydramnios devel- 
oping within 4 days. Furthermore, FHR testing and 
biophysical profile testing remained reassuring in those 
patients with development of oligohydramnios. There- 
fore we would suggest amniotic fluid assessment on a 
weekly basis in this patient population. 

Postterm patients appear to be at greater risk for the 
development of oligohydramnios. When we compared 
this group with term and preterm patients, we found 
a greater percentage of patients with oligohydramnios 
developing within 4 days. This confirms the suspicions 
of Clement et al., who observed a rapid decrease in 
amniotic fluid volumes in some postterm patients. 

Patients with a low-normal (5.1 to 8 cm) amniotic Auid 
index had an increased risk of oligohydramnios de- 
veloping within 4 days. In our population oligohy- 
dramnios developed in 5% of such patients within that 
period. Therefore we would suggest twice-weekly test- 
ing in patients with low-normal results. 

Finally, our data did not address the question of 
whether intervention for amniotic fluid indexes of =5 
cm is appropriate. They do suggest that improvement 
in cases of oligohydramnios into a normal or low-nor- 
mal (>5.0 cm) amniotic fluid range is seen in approx- 
imately 40%. The true incidence of improvement in 
our data was skewed by intervention, particularly in 
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postterm gestations with low amniotic fluid indexes. 
Given the poor outcome of patients with oligohydram- 
nios from other studies,” we would recommend eval- 
uation for delivery in term and postterm patients. How- 
ever, in the preterm population expectant management 
requires further investigation, and clinical judgment is 
necessary. 
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Amnioinfusion does not affect the length of labor 
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Los Angeles, California 


OBJECTIVE: Our objective was to determine whether amnioinfusion prolongs or shortens the lencth of 


labor in patients who have an acceptsd indication for amnioinfusion. 


STUDY DESIGN: We performed. a retrospective post hoc analysis of the length of labor of 437 pacients 
who were enrolled in three prospective, randomized, controlled studies of amnioinfusion. 

RESULTS: The length of labor was not significnatly different for patients who received amnioinfusion 
compared with those who did not receive amniointusion (control group). Among the subgroup with vaginal 
Gelivery, the duration of labor after amnioinfusion did not diifer from the duration of labor among the 
controls. The length of labor (mean + SD, in hours) for the amnioinfusion group was 9.3 + 6.3 versus 
10.6 + 6.9 for the control groups (p ^ot significant). Among the subgroup that required cesarean delivery, 
the duration of labor after amnioinfus on did not differ from the duration of labor among the controls. The 
length of labor (mean + SD, in hours) in patients requiring cesarean delivery in the amnioinfusion group 
was 11.1 + 6.3 versus 13.0 + 7.5 for the control group (p not significant). 

CONCLUSION: Amnioinfusion does not prolong or shorten the length of labor among patients who have 
an accepted indication for the treatment. (Am J Opstet GYNECOL 1992;167:1 134-6.) 


Key words: Amniointusion, labor, meconium, oligohydramnios, amniotic fluid index 


Intrapartum amnioinfusion improves the outcome of 
pregnancies with the specific complication of repetitive 
or severe variable decelerations,> ? preterm sponta- 
neous premature rupture of membranes,? meconium 
passage,*® or oligohydramnios in labor.” * Amnioinfu- 
sion is safe and can be administered simply, without 
special equipment.®* In spite of thorough investigations 
of the benefits and safety of the procedure, the effect 
of amnioinfusion on the length of labor has not been 
definitively studied, and results are conflicting. We re- 
port the lack of effect on the length of labor among 
patients who were randomized prospectively to receive 
amnioinfusion or standard care without amnioinfusion. 


Material and methods 


From August 1989 through June 1991, women in 
labor with oligohydramnios were prospectively en- 
rolled in one of three concurrent studies at the Women’s 
Hospital, Los Angeles County—University of Southern 
California School of Medicine. Two of these studies 
have been reported in detail previously.* * Two studies 
evaluated the potential benefits of prophylactic am- 
nioinfusion for oligohydramnios; the third study eval- 
uated the potential benefits of amnioinfusion in pa- 
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tients with evidence of the presence of thick meconium. 
This report is a retrospecz-ive post hoc analysis of the 
length of the labor of patients enrolled in these three 
studies. 

The methods were identical in all studies. The only 
difterence was the entry criteria. In two studies the 
criterion for enrollment was oligohydramnios; patients 
with meconium were excluded from these two studies. 
In the third study the entry criteria were oligohydram- 
nios and the presence of thick meconium. Oligohy- 
dramnios was defined a3 an amniotic fluid index 
s5 cm. The amniotic fluid index was determined as 
described by Phelan et al.* We report the effect of am- 
nioinfusion on the time interval from rupture of mem- 
branes until delivery. Patients randomized to amnioin- 
fusion are compared with patients randomized to the 
control group (no amnioinfusion). 

Criteria for entry into the studies included singleton 
gestation, vertex presentation, gestational age of =36 
weeks, estimated fetal we-ght =2500 gm, fetal heart 
rate demonstrating a normal baseline rate and vari- 
ability, cervical dilatation cf <4 cm, and oligohydram- 
nios. The third study of thick meconium passage had 
an additional entry requirement that thick meconium 
be present. All subjects gave written, informed consent. 
The studies were approved by the institutional review 
board. Patients who consented to participate in these 
studies were randomized to one of two groups accord- 
ing to a computer-generated series of random numbers 
that were placed in sealed, opaque envelopes. The two 
groups consisted of those who received amnioinfusion 
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Table I. Route of delivery for patients receiving amnioinfusion or routine care 


Treaiment (amnioinfusion) 


Control (no amniainfusion) 


Spontaneous 55.2 p < 0.001 
vaginal 

Forceps 17 6.5 18 10.3 NS 

Vacuum 17 6.5 11 6.3 NS 

Cesarean 40 15.2 49 28 p < 0.05 

No. of patients 263 174 


NS, Not significant. 


Table II. Length of labor of patents receiving amnioinfusion or routine care 







Length of labor (hr) 
(mean + SD) 





Spontaneous vaginal 


delivery 
Forceps delivery 8.4 5.2 
Vacuum delivery r2 5.8 
Cesarean delivery 11.1 6.3 
No. of patients 263 


NS, Not significant. 


and the contro] group which did not receive amnioin- 
fusion. All other care was identical for both groups. 
The studies evaluating oligohydramnios study ran- 
domly assigned patients after enrollment in a ratio of 
2:1 for treatment (amnioinfusion)/control (no am- 
nioinfusion). The meconium study assigned patients to 
amnioinfusion/control in a 1:1 ratio. 

Amnioinfusion was performed as previously de- 
scribed by Miyazaki and Taylor’ and others.** Five hun- 
dred milliliters of normal saline solution, warmed to 
37° C, was infused by gravity flow through an intra- 
tuerine pressure catheter over a 15- to 30-minute in- 
terval. The amniotic fluid index was remeasured after 
the initial amnioinfusion and subsequently at hourly 
intervals until delivery. Each time the amniotic fluid 
index was reassessed, the following criteria were used 
to determine whether additional amnioinfusion would 
be administered: amniotic fluid index >10 cm, observe 
and reassess amniotic fluid index in 1 hour; amniotic 
fluid index >5 cm and <10 cm, infuse an additional 
250 ml and repeat the amniotic fluid index; amniotic 
fluid index <5 cm, infuse an additional 500 ml and 
repeat the amniotic fluid index. External uterine to- 
codynamometry was used during the infusions. 

The duration of labor in both groups was defined as 
the time from rupture of membranes until delivery. 
The mean duration of labor was compared between the 
group receiving amnioinfusion and the control group 
with the Student ¢ test. Categoric variables were com- 
pared with x? and Fisher’s exact test (PCIINFO, Re- 
triever Data Systems, Seattle). 


Treatment (amnioinfusion) Control (no amnioinfusion) 
10.6 






Significance 


NS 
9.1 3.4 NS 
3.3 3.5 NS 
13.0 7.5 NS 
174 
Results 


A total of 263 patients were enrolled in the amnioin- 
fusion group and 174 patients in the control group. 
Two hundred sixty-seven patients were enrolled be- 
cause of olizohydramnios. Of these, 178 were assigned 
to amniointusion and 89 were assigned to the control 
group. One hundred seventy patients were enrolled 
because of oligohydramnios and thick meconium. Of 
these, 85 were assigned to amnioinfusion and 85 were 
assigned to the control group. 

Patient characteristics between the two groups did 
not differ significantly. For the amnioinfusion and con- 
trol groups, respectively, the mean + SD values were 
as follows: age, 24.2 + 5.4 versus 23.9 + 4.7 years; gra- 
vidity, 2 + 1.4 versus 2.1 + 1.6; parity, 0.9 + 1.1 ver- 
sus 0.8 + 1.5; and gestational age at delivery, 
288.1 + 12.8 versus 287.9 + 14.8 days. The propor- 
tion of patients in the amnioinfusion group and the 
control group, respectively, who were nulliparous was 
63.8% versus 66.1%; the proportion of patients who 
had a postdate pregnancy (>287 days) was 68% versus 
71%; the incidence of oxytocin augmentation of labor 
was 46.4% versus 44.2%. 

Spontaneous vaginal delivery was more frequent in 
the amnioinfusion group than in the control group, 
189 of 263 (71.8%) compared with 96 of 174 (55.2%), 
p < 0.001. Cesarean delivery was less frequent in the 
amnioinfusion group than in the control group, 40 of 
263 (15.2%). compared with 49 of 174 (28%), p < 0.05 
(Table I). In the amnioinfusion and control groups, 
respectively, cesarean delivery was performed for fetal 
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distress in 4.9% versus 18.4% (p < 0.05) and for arrest. 
disorders of labor in 10.3% versus 9.7% of patients 
(p = not significant). The incidence of operative vag- 
inal delivery did not differ between the two groups. 
The mean length of labor was not statistically dif- 

ferent between the two groups, amnioinfusion versus 
control. When the data were analyzed by the subsets 
with spontaneous vaginal delivery, forceps, vacuum ex- 
traction, or cesarean delivery, there was no difference 
between amnioinfusion and control groups (Table IT}. 


Comment 


The effect of amnioinfusion on uterine tone and ac- 
tivity has been evaluated by Posner et al.'? They dem- 
onstrated no difference in uterine activity between pa- 
tients receiving amnioinfusion and control patients as 
measured by Alexandria units. Uterine resting tone 
increased during and after the amnioinfusion. 

The length of labor has been variously defined in 
studies of amnioinfusion: insertion of the internal mon- 
itor until delivery’ or the time interval from rupture of 
membranes until delivery.*”!°'' Regardless of the def- 
inition used, no significant difference in the mean 
length of labor has been noted except by Strong et al.’ 
They reported that the mean + SD duration of labor 
was 16.8. + 12.1 versus 10.1 + 6.5 hours (p = 0.01) in 
the amnioinfusion and control groups, respectively.’ 

Other studies of term and pcstterm gestations have 
reported that mean length of labor was not statistically 
longer in patients receiving amnioinfusion than in the 
control patients.” ">" None of these studies had large 
sample sizes; thus they may lack the power to detect 
significant, albeit small, differences in the length of 
labor. The observation of Strong et al.” may represent 
an a error, i.e., a difference due to chance rather than 
a true effect related to the amrioinfusion. 

The interval from rupture of membranes until de- 
livery was used to describe the length of labor in this 
study because it was a well-defined variable. It is dif- 
ficult to. identify the onset of true labor and even more 
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‘inaccurate to determine the onset of labor from a pa- 


tient’s history of events tha: occurred before admission 
or direct surveillance. Pat:ents in this study were in- 
cluded only if cervical dilatation was =4 cm; thus they 
were probably in the latent or early active phase of 
labor. 

Amnioinfusion is beneficial in improving the out- 
come of pregnancy. These benefits are not associated 
with an increased duration of labor. 


REFERENCES 


l. Miyazaki FS, Taylor NA. Saline ammoinfusion for relief 
of variable or prolonged decelerations. AM ] OBSTET GY- 
NECOL 1983;146:670-8. 

2. Miyazaki FS, Nevarez F. Saline amnioinfusion for relief 
of repetitive variable dece.erations: a prospective random- 
ized study. AM J OBSTET GYNECOL 1985;153:301-6. 

3. Nageotte MP, Freeman RK, Garite TJ, Dorchester W. Pro- 
phylactic intrapartum amnioinfusion in patients with pre- 
term premature rupture of membranes. AM J OBSTET 
GYNECOL 1985;153:557-€2. 

4, Wenstrom DK, Parson MT. The prevention of meconium 
aspiration in Jabor using amnioinfusion. Obstet Gynecol 
1989;73:647-51. 

5. Sadovsky Y, Amon E, Bade ME, Petrie RH. Prophylactic 
amnioinfusion during labor complicated by meconium: a 
preliminary report. AM J OBSTET GYNECOL 1989;161: 
613-7. 

6. Macri CJ, Schrimmer DE, Leung A, Greenspoon JS, Paul 
RH. Prophylactic amnicinfusion improves outcome of 
‘pregnancy complicated by thick meconium and oligohy- 
dramnios. AM J OBSTET GYNECOL 1992;167:117-21. 

7. Strong TH, Hetzler G, Sarno JP, Paul RH. Prophylactic 
intrapartum amnioinfusion: a randomized clinical trial. 
AM J OBSTET GYNECOL 1990;162:1370-5. 

8. Schrimmer DB, Macri CJ, Paul RH. Prophylactic am- 
nioinfusion for oligohydramnios in laboring patients: a 
prospective randomized trial. AM J OBSTET GYNECOL 
1991;165:972-5. 

9. Phelan JP, Ahn MO, Smith CV, Rutherford SE. Amniotic 
fuid index measurements during pregnancy. J Reprod 
Med 1987;32:601-4. 

10. Posner MD, Ballagh SA, Paul RH. The effect of amnioin- 
fusion on utérine pressure and activity: a preliminary re- 
port. AM J] OBSTET GYNECOL 1990; 163:813-8. 

11. Nageotte MP; Bertucci L, Towers CV, LaGrew DL, Mo- 
danlou H. Prophylactic amnioinfusion in pregnancies 
complicated by oligohydramnios: a prospective study. Ob- 
stet Gynecol 1991;77:677-80. 


Position of the vibroacoustic stimulator does not affect 


fetal response 


Daniel P. Eller, MD, Lucinda J. Robinson, MD, and Roger B. Newman, MD 


Charleston, South Carolina 


OBJECTIVE: This study was designed to compare the fetal response to the vibroacoustic stimulation test 


when applied alternately over the fetal vertex or breech. 


STUDY DESIGN: Two hundred five patients with a nonreactive nonstress test after 10 minutes were 
prospectively randomzied to receive the vibroacoustic stimulation test over the fetal vertex (n = 115) or 
the fetal breech (n = 90). Fetal heart rate reactivity was evaluated. Two patient subsets were evaluated 
for fetal movement {n = 37) and the fetal startle response {n = 20) after the vibroacoustic stimulation test. 
RESULTS: Virtually identical fetal heart rate responses and increases in fetal movement were observed 
after vibroacoustic stimulation over the fetal vertex or breech. The fetal startle response was uniformly 


observed in both groups. 


CONCLUSION: Vibroacoustic stimulation over the fetal breech elicits an identical short-term fetal response 
compared with stimulation over the fetal vertex, potentially reducing the intensity of sound exposure at the 


fetal ear. (Am J Opstet GYNECOL 1992;167:1137-9.) 


Key words: Location of vibroacoustic stimulation test, fetal hearing, fetal heart rate 


reactivity, fetal movement, fetal startle response 


The vibroacoustic stimulation test has become an es- 

tablished adjunct to the nonstress test (NST) for as- 
sessment of fetal well-being.'* Positioning of the stim- 
ulator over the fetal vertex was empirically selected as 
a standard. The effect on fetal response of placement 
has not been studied. 
_ Gerhardt et al. and other investigators*® have cau- 
tioned that, given the responsiveness of the fetus to low 
frequencies and the possibility of increased potential 
for damage caused by overstimulation of an immature 
ear in utero, care should be taken to verify safety and 
determine the best method of implementing the test. 
The purpose of this study was to determine if fetal 
acoustic stimulation over the fetal breech would pro- 
duce the identical fetal response as stimulation over the 
fetal vertex, providing a basis to investigate theoretic 
differences in sound exposure to the fetus. 


Material and methods 


Between December 1990 and May 1991, 205 vol- 
unteers with a nonreactive NST after 10 minutes in the 
antepartum fetal testing unit at the Medical University 
of South Carolina were prospectively randomized. The 
vibroacoustic stimulation test was performed over the 
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fetal vertex (n = 115) or the fetal breech (n = 90). Fetal 
acoustic stimulation was performed by placing the Co- 
rometrics {model 145) fetal acoustic stimulator on the 
maternal abdomen over the fetal vertex in patients with 
an odd Medical University Hospital number and over 
the fetal breech for patients with an even number. The 
force of application was sufficient to indent the skin 
approximately 1 cm when the fetal acoustic stimulator 
was applied. Acoustic stimulation was applied for 3 sec- 
onds. Fetal presentation was determined by Leopold 
maneuvers with ultrasonographic backup if Leopold 
maneuvers were inceterminate. 

Fetal heart rate responses (FHR) were considered 
reactive if an FHR acceleration of 15 beats over the 
baseline for 3 minutes was present or if two accelera- 
tions of 15 beats/min over baseline of at least 15 seconds 
occurred within 10 minutes after the vibroacoustic stim- 
ulation test.’ 

A subset of 33 patients (17 breech and 16 vertex) was 
evaluated for changes in fetal movement after the vi- 
broacoustic stimulation test, as recorded by a Doppler 
activity monitor (MT-320 Actograph, Toitu Corp.). Fe- 
tal activity was calculated as described by Reddy et al.’ 
beginning 5 minutes before vibroacoustic stimulation 
and for 10 minutes after stimulation. 

The fetal startle response (sudden gross body move- 
ments and flexion-extension of all extremities lasting ] 
to 2 seconds after the vibroacoustic stimulation test) was 
observed ultrasonographically in 20 additional patients 
(10 breech and 10 vertex) as described by de Vries 
et al.® 

Differences among proportions were evaluated with 
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Table I. Demographic characterization of 
study and control group 





Location of stimulator* 






Breech 


Maternal age 24.6 + 5.7 26.1 + 6.5 
(yr, mean + SD) 
Gestational age at 36.0 + 3.1 35.8 + 2.9 
stimulation 
(wk, mean + SD) 
Gravidity 2.8 + 1.6 2.5 + 1.9 
(mean + SD) 
Parity (mean + SD) 1.4+ 1.3 L2 £ 1.7 
*b = Not significant. 
Table II. Indications for procedure 
Intrauterine growth 11.3 11.1 
retardation (%) 
Postdates (%) 12.2 12.2 
Hypertension (%) 23.2 17.3 
Previous intrauterine 5.6 10.4 
fetal death (%) 
Decreased fetal 6.7 8.7 
movement (%) 
Class A diabetes (%) 14.4 8.7 
Other diabetes (%) 11.1 3.5 
Other (%) 15.5 28.1 


* = Not significant. 


the x? analysis. Continuous variables were evaluated 
with the paired Student ¢ test. Results are expressed as 
mean + SD and significance was established at 
p < 0.05. On the basis of 205 volunteers enrolled for 
evaluation of FHR response, a power analysis was per- 
formed. The power of the test was 0.91, indicating a 
9% risk of a type II or B-error. 


Results 


The demographics of each group were similar with 
respect to gestational age, maternal age, gravidity, par- 
ity, and indication for NST (Tables I and 11). The ob- 
served and expected distribution of NST results for 
each group are presented in Table III; they demon- 
strated no significant difference between the two 
groups (p = 0.26). 

The change in percent of fetal movement before and 
after the vibroacoustic stimulation test was not signifi- 
cantly different between those stimulated at the fetal 
breech and those stimulated at the fetal head (Table 
IV). The fetal startle response was virtually identical in 
both groups and was identified in every fetus observed. 


Comment 


A reactive fetal acoustic stimulation test was defined 
according to the guidelines set forth by Serafini et al.’ 
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Table II. Contingency tables comparing 
observed with expected values for FHR 
response to vibroacoustic stimulation test 









Observed Expected* 
Nonreactive l 7 7.8 10.2 
Rective with 25 28 23.0 30.0 
two accel- 
erations 
Reactive with 30 51 35.2 45.8 
tachycardia 


* = Not significant. 


Table IV. Average percent fetal movement 
(+SD) before and after vibroacoustic 
stimulation test 


Head Breech* 
Prestimulauion 17.4 + 3.6 17.1 + 3.3 
Poststimulation 30.3 + 6.4 28.9 + 3.7 


th = Not significant. 


There is some controversy regarding whether fetal 
tachycardia represents a reactive test. Thomas et al.° 
caution that it is unknown whether the development of 
fetal tachycardia represents a reactive NST. However, 
the purpose of this study was to compare the FHR 
reaction in each group to determine if a difference 
existed in the response. Mo difference was found when 
evaluating fetal tachycardia or fetal accelerations. 

At this time there are no data specifically supporting 
any risk to the fetus from the vibroacoustic stimulation 
test. There is, however, controversy over theoretic risks. 
Lenoir et al.” notes that tne cochlea acquires adult func- 
tional properties between 28 weeks’ gestation and | 
year of life. Fetal acoustic stimulation is also usually 
used between 28 weeks and delivery, which is theoret- 
ically the point of maximal fetal susceptibility to non- 
physiologic sound pressures. Ohel et al."' tested 40 neo-. 
nates for auditory acuity at 1 to 2 days of age after 
exposure to the vibroacoustic stimulation test in utero. 
These investigators found no evidence of acoustic 
trauma; however, only a small number of patients were 
involved and there was no description of the fetal 
acoustic stimulation thet the patients received. Arul- 
kumaran et al.’* evaluated 465 children exposed to vi- 
broacoustic stimulation in utero. They were screened 
at 4 years of age for high-frequency hearing loss and 
none was found. The investigators conceded that there 
could be an effect on hearing acuity that is mild enough 
not to cause an abnormal hearing test at 4 years of age. 
Most of the fetuses in their study were exposed between 
38 and 43 weeks’ gestation and received only a single 
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test. The effect of vibroacoustic stimulation on preterm 
infants receiving multiple stimulations has not been 
evaluated. 

The intrauterine sound environment after the vi- 
broacoustic stimulation test has been studied in humans 
and in sheep with differing results. Smith et al. also 
examined intrauterine sound pressures in nine patients 
after amniorrhexis in labor. They found sound pres- 
sures ranging from 91 to 111 dB after the vibroacoustic 
stimulation test with an electronic artificial larynx. They 
concluded that sound pressures generated from the 
electronic artificial larynx pose no major risks to the 
fetus. Nyman et al." examined intrauterine sound pres- 
sures in 16 humans receiving vibroacoustic stimulation. 
They found the highest recorded sound pressure levels 
to be 129 dB. These investigators found no obvious 
relationship between the distance from the stimulator 
to the hydrophone and the intrauterine sound pressure 
level. In pregnant ewes, Gerhardt et al.* was able to 
record sound pressures as high as 135 dB. Sound pres- 
sures fell as a function of distance away from the hy- 
drophone (114 dB at 3 inches, 101 dB at 6 inches). 
Nyman et al.'* have suggested that these elevated sound 
pressure levels are reduced before reaching the cochlea 
of the fetus because of the dampening effect of the 
surrounding amniotic fluid and the fluid in the middle 
ear. However, Gerhardt® states that with frequencies 
<250 Hz the reduction in sound pressure due to the 
maternal tissue and fluids is <5 dB. Gerhardt also noted 
that in some reports actual sound enhancement has 
been recorded in utero. Therefore, to date, theoretic 
risks have not translated into actual adverse outcomes. 
Further investigation is required to determine if a dif- 
ference in sound pressure exists when stimulation oc- 
curs at the breech versus the vertex. 

Vibroacoustic stimulation over the fetal breech elicits 
an identical short-term fetal response compared with 
stimulation over the fetal vertex. Previous investigators 
of the vibroacoustic stimulation test used varying po- 
sitions for stimulation, as reviewed by Romero et al.” 
On the basis of our data, the location of stimulation did 
not have an effect on fetal response. Thus these studies 
may be comparable on the basis of identical fetal re- 
sponse to different sites of stimulation. Determination 
of the fetal lie is not necessary when performing the 
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vibroacoustic stimulation test. If the stimulator is placed 
anywhere on the maternal abdomen over the uterus, 
the fetus should respond, if it is going to respond at 
all. 
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Fetal heart rate accelerations, fetal movement, and fetal 
behavior patterns in twin gestations 


Michael W. Gallagher, MD, Kathleen Costigan, RN, MPH, and Timothy R.B. Johnson, MD 


Baltimore, Maryland 


OBJECTIVE: Previous studies have shown that twins, when monitored simultaneously, show a remarkably 
high incidence of coincident fetal heart rate accelerations (about 58%). The current study examines 


synchrony of behavior patterns in twirs. 


STUDY DESIGN: We examined 37 fetal monitor strips from 15 sets of twins with simultaneous fetal heart 
rate and fetal movement recorded by means of Doppler techniques (Toitu MT-430 fetal actocardiocraph). 
The strips were analyzed for coincidexce of fetal heart rate accelerations and fetal movement episodes 
and then conceptually for synchrony of fetal behavior patterns on the basis of descriptions of behavioral 


states by Prechtl. 


RESULTS: Thirty-six percent of fetal heart rate accelerations were found to be simultaneous. Forty-three 
percent of movement epochs were considered simultaneous. We found that twins exhibited synchronous 
behavior patterns (basically sleep or awake state) 94.7% of the time. 

CONCLUSION: Twin-twin interactions are more consistently related than suspected when observation is 
limited to heart rate alone, and the synchrony and role of fetal behavior states must be considered when 
twin interactions and behavior are studied. (Am J Osstet GYNECOL 1992;167:1 140-4.) 


Key words: Twins, fetal behavicr, fetal monitoring 


Previous studies correlating the intrauterine behav- 
ior of twins have shown a remarkable amount of si- 
multaneity in twin activity. Ohe: et al.’ have observed 
the correspondence between fetal heart rate (FHR) ac- 
celerations and maternal percepuon of fetal movement 
in twin pregnancies. Devoe and Azor? and Sherer et 
al.** have correlated FHR accelerations between twins 
on nonstress test (NST) monitoring strips and have 
described frequencies of simultaneous accelerations of 
58% and 57%, respectively. 


Awareness of fetal behavior was present very early . 


in human history, as evidenced by the biblical account 
describing how the mother of “ohn the Baptist noted 
that her fetus “leapt in her womb” as she was greeted 
by Mary (Luke 1:41}. At a much earlier time, Genesis 
25:22 reports that Rebekah was so distressed by the 
intrauterine activity of her twins Esau and Jacob that 
she exclaimed, “If this is the way of it, why go on living?” 
More recently the work of Nijhuis et al.” has described 
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how behavioral states noted in the newborn infant can 
be detected in the fetus in late pregnancy. 

The current study examines the simultaneity of twin 
behavior, considering not only FHR accelerations but 
also fetal movement epochs and the concept of fetal 
behavioral patterns based on the fetal behavioral states 
described by Nijhuis et al. With the fetal actocardio- 
graph, which displays simultaneous twin heart rates 
and graphic representations of movements of each twin 
coordinated with the heart rates, the examiner is able 
to discern a more global picture of twin behavior‘ (Fig. 
1). This monitoring technology was previously applied 
to twins by Maeda et al.,’ who noted that, “Good co- 
incidence was observed sometimes, but very low syn- 
chronisation in others.” It is the purpose of this study 
to quantitate this synchrony by considering twin be- 
havior patterns. 


Material and methods 


Fetal monitor strips from NSTs performed on 15 
twin pregnancies referred to the Johns Hopkins Hos- 
pital Fetal Assessment Center from July 1 to Nov. 30, 
1991, were examined. All strips were made on the Toitu 
MT-430 fetal actocardiograph, which displays simul- 
taneous FHR tracings and fetal movement tracings ac- 
quired by special handling of the Doppler signal.’ 

Only strips >20 minutes in length were considered. 
To avoid overrepresentation by any one pregnancy 
with more frequent monitoring, a maximum of four 
strips was allowed for each pregnancy. These were the 
most recent four strips available. 
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Fig. 1. Behavior pattern A. Note narrow band width of heart rate with few accelerations. Movement 
is sparse with only occasional gross limb movement. Fetus A is shown as dark heart rate lne and upper 


movement line. Patterns are synchronous. 


Thirty-seven strips were examined for fetal accel- 
erations, fetal movement, and fetal behavior patterns. 
All strips were examined by one author (M.G.) and 
reviewed independently by the coauthor (T.J.). When 
interpreting the strips, both were unaware of the in- 


dication for referral for monitoring and the eventual | 


outcome of the various pregnancies. 

Significant FHR accelerations were defined as those 
that attained a 15 beats/min rise above baseline and 
had a duration of 15 seconds. Accelerations were con- 
sidered simultaneous if the beginning of one occurred 
within 15 seconds of the beginning of another. 

Fetal movement epochs were defined as bursts of 
activity at least 10 seconds in length rising at least 30 
arbitrary units above baseline. Fetal movements dis- 
played in the Toitu monitor have been: previously de- 
scribed and characterized.* * Somewhat stricter defi- 
nitions of movement were applied here to control for 
any interference that might be caused in one twin’s 
tracing by movement of the other twin.’ Movements 
were considered simultaneous if one movement began 
within 15 seconds of another. 

The definition of a fetal behavior pattern is based on 
fetal behavioral states described by Nijhuis-et al.* as 
modified by Johnson et al.'° Four patterns have been 
identified. Pattern A (corresponding to behavioral state 
LF*) reflects quiet sleep and is characterized by a FHR 
tracing with few accelerations and a narrow band width 
variability. Occasional gross body movements are seen. 


‘Pattern B (2F) reflects active sleep and is seen in the 


“classic” reactive NST. Variability of 10 to 20 beats/min 
is seen in the heart rate with frequent accelerations. 


' Movements are more frequent and tend to accompany 


accelerations. Pattern C (3F) is rarely reported in an- 
tepartum monitoring. It reflects a quiet, awake state in 
which there are few movements and in which the heart 
rate tracing shows a wider oscillation than in pattern A 
but with few accelerations. Pattern D (4F) reflects an 
active, awake state. Frequent gross movements are seen. 
Bounding accelerations with a wide band of variability 
characterize this pattern (See Figs. 1 to 3). These char- 
acteristics were required to be present for =3 minutes 
to be considered a pattern. Fig. 4 shows an instance of 
dyssychronous patterns in which two distinct patterns 
are easily recognized. 

The percent’ of simultaneous accelerations was cal- 
culated by totaling the number of accelerations of each 
fetus on each strip. Simultaneous accelerations were 
considered as a paired “event.” Each nonsimultaneous 


‘acceleration was considered an unpaired “event.” The 


number of paired events was then divided by the total 
number of events on each strip. The percent of si- 
multaneous movements was calculated in a similar 
manner. 

Behavior patterns were considered as number of 
minutes in each strip that each fetus was in a particular: 
pattern. The amount of time the two fetuses were in 
the same pattern simultaneously on.each strip was then 
divided by the total amount of time represented by each 
strip. 
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Fig. 2. Behavior pattern B. Note “classic” reactive NST pattern with frequent accelerations. Move- 
ment is periodic and reflects limb and body movement. Patterns are synchronous. Note frequency 


of simultaneous accelerations and movemen:zs. 
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Fig. 3. Behavior pattern D. Note bounding accelerations on both lines accompanied by almost 
constant and varied movement. Patterns are synchronous. Uterine contraction is represented in 


midstrip. 


Results are presented as percent of acceleration 
events and movement events that were simultaneous 
and as percent of time that fetal behavior patterns were 
concurrent. These percentages were then compared 
within the group between subgroups on the basis of 
sex difference, placentation, and gestational age. 


Results 


Analysis of the 15 twin gestations revealed an average 
maternal age of 29.9 years with an average parity 1.85. 


The average gestational age at the time of monitoring 
was 34 weeks (range 28.1 to 38.9 weeks). Average ges- 
tational age at delivery was 34.9 weeks. The total mon- 
itored time was 1247 minutes with each strip averaging 
33.7 minutes. 

Six sets of twins were delivered by cesarean section, 
eight by vaginal delivery, and one by both routes. Anal- 
yses of the placentas showed five monochorionic, diam- 
niotic placentas and 10 dichorionic, diamniotic placen- 
tas. Average birth weight was 2324 gm for twin A and 
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Fig. 4. Dyssynchronous behavior patterns. Fetus A (dark tracing and upper snovement line) is in pattern 
B, whereas fetus B is in pattern A. 


2106 gm for twin B. Median Apgar scores at ] and 5 
minutes were 8 and 9 for both twins. Cord arterial pH 
averaged 7.30 for twin A and 7.26 for twin B. 

When FHR accelerations alone were considered, co- 
incidence was noted 35.8% of the time. When fetal 
movement epochs were taken alone, coincidence was 
seen 42.6% of the time. When the behavior patterns of 
the twins was examined it was noted that the twins were 
synchronous in pattern 94.7% of the time. The average 
percentages of time spent in each of the fetal behavior 
patterns are given in Table I. 

The frequency of synchrony of accelerations, move- 
ments, and behavior patterns was not affected by ges- 
tational age. When placentation was considered, how- 
ever, it was noted that monochorionic twins exhibited 
synchrony of fetal behavior patterns 100% of the time 
as compared with 92% for dichorionic twins. Mono- 
chorionic twins also showed greater coincidence of ac- 
celerations (46%) than did dichorionic twins (30%, 
p < 0.03). There was no significant difference seen in 
coincidence of movement epochs between monocho- 
rionic and dichorionic twins. - : 

When sex differences were considered it was seen 
that like-sex twins were more synchronous in behavior 
patterns (98%) than were unlike-sex pairs (90%, 
p < 0.04). This difference was not significant for ac- 
celerations or movement epochs alone. This tendency 
to greater synchrony in like-sex pairs may reflect the 
greater likelihood for monozygotic twins to be syn- 
chronous. 

Analysis of all strips was done without knowledge of 


Table I. Behavior patterns 






Average time in pattern (%) 


Pattern 


A 7 9 
B 74 73 
C 0 0 
D 19 18 


outcome of these pregnancies. When outcomes were 
reviewed, it was found that the study group included 
two sets of twins who were discordant by weight (>25% 
difference). One of these sets included a twin with 
47,XX+18 karyotype. Another set included one twin 
with a congenital diaphragmatic hernia. It was noted 
that in two of the three strips representing the trisomy 
18 pregnancy there was 0% synchrony of FHR. The 
percent synchrony of movement and behavior patterns 
was not significantly different from that of the other 
pregnancies. 


Comment 


Investigation of intrauterine twin behavior has used 
examination of FHR accelerations on simultaneously 
recorded NST strips® * and direct ultrasonographic ex- 
amination of twin movement.'' With the advent of the 
fetal actocardiograph and its simultaneous display of 
FHR and movement patterns for both twins the inves- 
tigator was given access to more than one parameter 
by which to measure fetal behavior on a monitor strip. 
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Application of the strict criterta for fetal behavioral 
states defined by Nijhuis et al.’ co twins is technically 
problematic because of the necessity of keeping two 
fetuses in ultrasonographic view simultaneously. Al- 
though this may be possible in the 1F and 2F states in 
which movement is limited, it is much more difficult in 
the 4F state where movement increases significantly. 
The use of the fetal actocardiograph and the modifi- 
cation of the behavioral states described by Johnson et 
al.'° enables behavior pattern analysis to be accom- 
plished without continuous ultrasonography. This sim- 
plifies the observation of twins but maintains the ad- 
vantages of multiparameter analysis of behavior. This 
technology also enables bedside analysis of behavior 
patterns in monitoring areas that are without ready 
access to ultrasonography. | 

The reliability of the actocardiograph in depicting 
_fetal movement has been proven. Application of this 
monitoring tool to twins raises the question of inter- 
ference from the movement of one twin in the move- 
ment line of the other. The actocardiograph distin- 
guishes signals by range-gating movement information 
after the Doppler probe is placed over the fetal heart. 
Prolonged observation in our clinic has allowed cer- 
relation of fetal movement epochs with heart rate ac- 
celerations on the actocardiograph tracings for each 
twin. No significant problem caused by interference of 
signal has been detected. 

Use of the fetal actocardiograph and the concept of 
fetal behavior patterns in this siudy revealed a greater 
degree of synchrony in twin intrauterine behavior than 
was demonstrated for either FHR accelerations or fetal 
movement epochs alone. These relationships mav be 
helpful in defining normal activity and behavior pat- 
terns, which may then allow ear_y detection of abnormal 
behavior. This use of behavioral states has been de- 
scribed elsewhere for the detection of abnormal sin- 
gletons.'*" 

Further study is needed to see if twins with significant 
pathologic conditions show differences in synchrony of 
behavior. The isolated finding of the trisomy 18 infant 
who showed a tendency to dyssynchrony of accelera- 
tions with its twin in this study invites further scrutiny. 
Observation of the development of behavior patterns 
in twins throughout gestation and how their synchrony 
is manifest is currently progressing. This may provide 
a tool for assessment of these high-risk gestations. 
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Our study has confirmed the observations of Devoe 
and Azor? and Sherer et al.** that twins exhibit re- 
markable synchrony of behavior in utero. Use of the 
concept of behavior patterns demonstrates that this 
synchrony is even greater than had been suspected pre- 
viously. 
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Birth weight threshold for postponing preterm birth 


Ralph T. DePalma, MD, Kenneth J. Leveno, MD, Mary Ann Kelly, RN, 


M. Lynne Sherman, RN, and Thomas J. Carmody, PhD 


Dallas, Texas 


OBJECTIVE: The study was designed to determine the birth weight threshold at which obstetric efforts 
intended to delay delivery might potentially improve rates of neonatal morbidity and mortality among 
pregnancies delivered after spontaneous preterm labor or rupture of the membranes. 

STUDY DESIGN: We studied 1147 singleton infants with birth weights between 1000 and 2499 gm and 
whose only complication was spontaneous preterm labor or preterm rupture of the membranes. The 
Mantel-Haenszel x? statistic was used to evaluate trends for neonatal mortality and several indexes of 


morbidity. 


RESULTS: The birth weight threshold for neonatal mortality was 1600 gm (p < 0.001). For neonatal 
morbidity the threshold was between 1600 and 1900 gm (p < 0.008). 

CONCLUSION: Aggressive obstetric attempts to prevent preterm birth for infants whose weights exceed 
1900 gm offers few apparent potential benefits. (AM J OsBsTeT GYNECOL 1992;167:1145-9). 


Key words: Birth weight, preterm birth 


Obstetric approaches to prematurity are governed 
by expectations for neonatal outcome. During the past 
20 years a great variety of innovations in obstetric care 
have been focused on preventing prematurity. Al- 
though prematurity is often defined as delivery at =37 
weeks, two American collaborative investigations on ob- 
stetric approaches for prematurity established that only 
those infants =34 weeks could potentially benefit from 
delayed delivery. ? Throughout these two decades ex- 
pectations for neonatal outcome have progressively im- 
proved, with increased availability and continued in- 
novation in neonatal care. Not only has the frontier for 
neonatal survival been pushed earlier into pregnancy, 
but survival of larger premature infants has become as 
good as that for term infants. For example, in 1963 
Jackie Kennedy was delivered of a 34-week infant who 
died of respiratory distress. Patrick Kennedy weighed 
4 pounds 10% ounces; death in this weight category in 
a contemporary intensive care unit is extremely rare. 

This success story for neonatal care has prompted us 
to evaluate the birth weight threshold at which obstetric 
efforts intended to delay delivery might potentially im- 
prove neonatal mortality and morbidity. 


Material and methods 


Between Jan. 1, 1990, and May 31, 1991, 20,813 
women delivered at Parkland Memorial Hospital. 
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Nurses attending each delivery completed a perinatal 
data sheet, and research nurses assessed the data for 
consistency and completeness before electronic storage. 
Similarly, research nurses completed a neonatal data 
sheet for each infant discharged. These data were then 
linked to intrapartum results with a computerized 
network. 

There were a total of 1475 pregnancies (7.1%) re- 
sulting in singleton infants weighing between 1000 and 
2499 gm. From this group 1147 women (5.5%) were 
selected for study, these included only those pregnan- 
cies complicated by spontaneous preterm labor and 
preterm rupture of the membranes and with a live fetus 
on admission. We chose this range of birth weights to 
correspond to approximately the 50th percentiles for 
27 and 35 weeks, rėspectively.* Not included were 149 
multiple gestations and 328 singleton gestations. The 
singleton gestations were excluded because of medical 
or obstetric complications necessitating immediate de- 
livery. The most common indications for exclusion 
were hypertension (n = 283), diabetes (n = 27), clini- 
cal chorioamnionitis on admission (n = 27), placenta 
previa (n = 18), and abruptio placentae (n = 6). Some 
of these women had multiple indications for exclusion. 

Statistics. The Mantel-Haenszel x? statistic was used 
to evaluate for trends in neonatal mortality and mor- 
bidity. Specifically, linearly increasing or decreasing 
percentages of these neonatal outcomes were analyzed 
in relation to birth weight groups. The two highest birth 
weight categories were compared first, then the three 
highest categories, and so on, until all categories were 
compared. This procedure was used to establish a 
threshold birth weight below which the trend of in- 
creasing mortality or morbidity became apparent. 

Total days in hespital and in intensive care were com- 
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Table I. Perinatal mortality in 1147 singleton pregnancies, with birth weights between 1000 and 2499 gm 


and with live fetuses on admission 


Birth weight 


1 ee i299 13 pe 199 l g 899 I gues 99 2200-2499 
gm Total 


No. of infants 58 (2%) 86 (3%) 

No. of perinatal deaths, 8 (14%) 7 (8%) 
total 

No. of perinatal deaths, 2 (3%) 3 (3%) 
anomalies 

No. of neonatal deaths, 6 (1C%) 3 (3%) 
corrected* 

No. of fetal deaths, cor- 0 1 (1%) 
rected* 


*Malformations excluded. 


pared across all birth weights wita analysis of variance, 
and then individual categories were compared with Tu- 
key’s standardized range test. Because of the highly 
skewed distribution of total days in hospital and inten- 
sive care, the analysis of variance results were ccn- 
firmed by the Mantel-Haenszel x? statistic. The x? sta- 
tistic was used to test for an association between mea- 
sures of mortality and morbidity and maternal race or 
infant sex. 


Results 


The racial demographics for the 1147 pregnancies 
now reported included 602 (52%) black women, 298 
(26%) Hispanic women, and 235 (20%) white women. 
The remaining 2% were Southeast Asian. All infants 
in this investigation were delivered at Parkland Hos- 
pital. A total of 498 (43%) women were nulliparous 
with a mean age and parity of 23 years and 1, respec- 
tively. Preterm ruptured membranes complicated 493 
(43%) of the pregnancies. A total of 631 (55%) of the 
infants were female. Cesarean section was the route of 
delivery for 241 (21%). 

Shown in Table I are perinatal deaths according to 
300 gm birth weight increments in the 1147 pregnan- 
cies reported. There were a total of 25 deaths for an 
overall mortality rate of 22 per 1000. However, i4 
(56%) of these deaths were the result of major con- 
genital anomalies. Also shown in Table I are neonatal 
and fetal deaths according to birth weight groups, cor- 
rected to exclude malformations. The corrected mor- 
tality rate was nine per 1000, and there was only one 
neonatal death among infants weighing >1600 gm. 
This 2300 gm infant was born after preterm labor with 
intact membranes and died of septic shock caused by 
group B streptococci. There was one fetal death; this 
fetus weighed 1475 gm and died of unknown cause 
during expectant management for preterm ruptured 
membranes. 

The corrected mortality rate was significantly asso- 


140 (5%) 263 (10%) 600 (22%) 1147 (100%) 
8 (6%) 1 (0.4%) 1 (0.2%) 25 (2) 
8 (6%) 1 (0.4%) 0 14 (0.1%) 
0 0 1 (0.2%) 10 (0.9%) 
0 0 0 1 (0.1%) 


ciated with weight (p < 0.001). Although no trend of 
deaths varying from birth weight was seen for birth 
weights from 1600 to 2499 gm, a significant trend was 
detected when the 1300 to 1599 gm category was added 
to the analysis and again when the 1000 to 1299 gm 
category was added. This pattern suggests that the 
death rate for infants with birth weights >1600 gm is 
constant and lower than for those with birth weights 
<1600 gms. 

In this analysis neonatal sepsis was diagnosed when 
either blood or cerebrospinal fluid cultures were pos- 
itive.. The results according to birth weight categories 
are shown in Table II. There was a significant associ- 
ation between the decreasing incidence of sepsis and 
increasing birth weight. The incidence steadily de- 
creased from 9% in the 1300 to 1599 gm category to 
3% in the 2200 to 2499 gm group. Also shown in Table 
II is the incidence of mechanical ventilation with and 
without sepsis. Although mechanical ventilation was 
needed less frequently as birth weight increased, a strik- 
ing change in the frequency was found at 1600 gm, 
and the statistical threshold was 1900 gm (p < 0.001). 
Moreover, as birth weight increased, ventilator therapy 
was more frequently associated with sepsis across all 
birth weight categories (p = 0.001). Specifically, 17 
(35%) of 48 infants requiring ventilators and whose 
birth weight exceeded 1300 gm had sepsis as a likely 
cause of their respiratory distress. 

Shown in Table III are the durations of neonatal 
hospitalization and the indexes of serious neonatal 
morbidity. The duration of total hospital stay decreased 
significantly as birth weight increased (p < 0.001). Pair- 
wise comparisons showed that the mean number of 
days for each birth weight category was significantly 
different from every other category (p < 0.05). The 
number of intensive care days also decreased signifi- 
cantly as birth weight increased (p < 0.001). Specifi- 
cally, increasing birth weight was associated with a pro- 
gressively diminished requirement for intensive care, 
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Table II. Sepsis and respiratory distress in relation to birth weight in 1147 pregnancies 


Birth weight 


I ss 1299 13 je 1599 I g 1899 I -o 99 2200 E 
Total 


No. of infants 58 (100%) 86 (100%) 

No. with sepsis 4 (1%) 8 (9%) 

No. with ventilator ther- 24 (41%) 28 (33%) 
apy, total 

No. with ventilator ther- 2 (3%) 8 (9%) 


apy plus sepsis 


140 (100%) 263 (100%) 600 (100%) 1147 (100%) 
8 (6%) 12 (5%) 20 (3%) 52 (5%) 
11 (8%) 5 (2%) 4 (1%) 72 (6%) 
3 (2%) 2 (1%) 4 (1%) 19 (2%) 


Table III. Length of hospital stay and incidence of severe neonatal morbidity according to birth weight in 


1147 singleton pregnancies 


Birth weight (gm) 


I se 1299 it 1599 I ae : 899 n 99 mr 


No. of infants 58 (100%) 86 (100%) 

Total no. of hospital 56 (+6%) 39 (+2%) 
days 

No. of intensive care 6 (+2%) 6 (+1%) 
days (mean + SE) 

No. with bronchopulmo- 5 (9%) 1 (1%) 
nary dysplasia 

No. with necrotizing en- 4 (7%) 7 (8%) 
terocolitis 

No. with intraventricular 7 (12%) 3 (3%) 
hemorrhage* 

No. with seizures 2 (3%) 4 (5%) 


*Includes only grades III and IV." 


and analysis of variance suggested that the major dec- 
rement for neonatal intensive care was at 1600 gm 
(p < 0.05). However, when the x° statistic was used, the 
threshold for intensive care days was 2200 gm, likely 
as a result of the power of a larger sample size in the 
higher birth weight categories. 

The incidence of bronchopulmonary dysplasia was 
significantly associated with birth weight (p < 0.001). 
However, no trend was seen over birth weights from 
1300 to 2499 gm. A significant trend was obtained after 
the 1000 to 1299 gm category was added to the analysis, 
suggesting a threshold of 1300 gm for bronchopul- 
monary dysplasia. However, a threshold of 1600 gm 
also produced a significant association (p < 0.001). 
Similarly, the incidence of necrotizing enterocolitis was 
significantly associated with birth weight. In this case a 
significant trend became apparent only for the 1600 to 
1899 gm category. This pattern suggests a threshold of 
1900 gm (p = 0.008). 

Also shown in Table III are the incidences of intra- 
ventricular hemorrhages and neonatal seizures in re- 
lation to birth weight. The incidence of grade III or 
IV intraventricular hemorrhage’ revealed a significant 
trend for birth weights <1600 gm (p< 0.001). We 


140 (100%) 263 (100%) 600 (100%) 
20 (+1%) 11 (+0.5%) 7 (+0.3) 
` 1.5 (+0.3) 0.4 (+0.08) 0.2 (+0.03) 
0 (0%) 0 (0%) 0 (0%) 
5 (4%) 4 (2%) 4 1%) 
0 (0%) 0 (0%) 0 (0%) 
2 (1%) O (0%) 0 (0%) 


elected to limit our analysis to grade III or IV hem- 
orrhage because only these have been shown to have 
significant long-term sequelae.” The incidence of neo- 
natal seizures suggested a 1900 gm threshold. No trend 
was seen for birth weights >1900 gm, but a significant 
trend (p = 0.005) was seen when the lower birth 
weights were added. 

The relationships of maternal race and infant sex to 
neonatal mortality and morbidity are summarized in 
Table IV. This analysis was limited to 145 infants with 
birth weights <1600 gm because there was virtually no 
mortality or morbidity among larger infants. Maternal 
race or infant sex had no significant effect on neonatal 
mortality and morbidity. 


Comment 


The most striking result of the investigation is the 
very low incidence of mortality for infants whose birth 
weights were between 1000 and 2500 gms. Specifically, 
when only singleton pregnancies with live fetuses on 
admission were considered and deaths caused by mal- 
formations were excluded, the perinatal mortality rate 
was only nine per 1000. We believe that this is a re- 
markable testament to modern neonatal care. It could 


1148 DePalma et al. 


October 1992 
Am J Obstet Gynecol 


Table IV. Neonatal mortality and morbidity in relation to maternal race and infant sex for 145 singleton 


infants with birth weights between 1000 and 1599 gm 


Maternal race and infant sex 


Hispanic 


= jaa 
No. of infants 42 (100%) 31 (100%)  14(100%)  21(100%) —- 21 (100%) 16 (100%) 
No. of neonatal deaths 2 (5%) 2 (7%) 2 (14%) 1 (5%) 1 (5%) 2 (13%) 
No. with respiratory dis- 13 131%) 6 (19%) 4 (29%) 7 (33%) 8 (38%) 8 (50%) 
tress* 
No. with intraventricular 317%) 0 (0%) 1 (7%) 2 (10%) 3 (14%) 1 (6%) 
hemorrhaget l 
No. with necrotizing en- 6 14%) 2 (7%) 0 (0%) 0 (0%) 2 (10%) ] (6%) 
terocolitis l i 


*Mechanical ventilation required. 
+Grade IHI or [V.4 


be argued that these perinatal results occurred because 
of contemporary obstetric interventions aimed at post- 
poning preterm delivery. However, these results were 
obtained at an institution where few obstetric interven- 
tions for prematurity are practiced. For example, nei- 
ther tocolytic agents nor corticosteroids to enhance fetal 
lung maturation are used. Expectant management of 
preterm ruptured membranes is practiced, but, as pre- 
viously reported,® few such pregnancies are amenable 
to such an obstetric approach. Cornerstones of our 
practice include ready availabilicy of prenatal care, hos- 
pitalization for threatened preterm birth, and carefully 
supervised labor and delivery, including the attendance 
of appropriate pediatric personnel. 

Our purpose was to determine the birth weight 
threshold at which postponing preterm delivery might 
be most beneficial with current neonatal care. Our re- 
sults suggest that this threshold is 1600 to 1900 gm at 
our institution. We reported on birth weight groups at 
300 gm increments because analysis of the study pop- 
ulation in 100 gm groups indicated a dramatic decrease 
in morbidity and mortality for infants weighing > 1600 
gm. Because of the small number of infants with birth 
weights between 1000 and 1600 gm, this subset was 
divided into two groups to make comparisons more 
meaningful. For consistency the larger infants were also 
placed into 300 gm groups. In this investigation, which 
included 1147 infants whose birth weights were be- 
tween 1000 and 2499 gm, there was only one death 
among 1003 infants whose birth weights exceeded 1500 
gms, and this death was not directly attributable to com- 
plications of immaturity. 

The birth weight threshold for neonatal morbidity 
was 1600 to 1900 gm. For example, serious respiratory 
insufficiency as evidenced by the need for mechanical 
ventilation decreased significantly at birth weights of 
=1600 gm with the statistical threshold at 1900 gm, 
and almost half of these higher birth weight infants 


(nine of 20 whose birth weights exceeded 1600 gm) had 
verified sepsis as opposed to pulmonary immaturity as 
a likely explanation of respiratory distress. 

Similarly, other serious neonatal morbidity (i.e., 
bronchopulmonary dysplasia and intraventricular 
hemorrhage) were also significantly correlated with the 
1600 gm threshold. Both seizures and necrotizing en- 
terocolitis were associated with a statistical threshold of 
1900 gm. However, there were no deaths attributable 
to either of these among infants whose birth weights 

‘exceeded 1600 gm. 

The study population now reported consisted pre- 
dominately of black infants (52%), although Hispanic 
and whites constituted 26% and 20%, respectively. 
Some investigators have concluded that maternal race 
and fetal sex have-significant impact on the survival of 
premature infants. In the American collaborative study 
of dexamethasone for fetal lung maturation,’ only 
white singleton female infants whose gestational ages 
between 30 and 34 weeks benefited from corticosteroid 
therapy. Similarly, Sappenfield et al.” reported that in 
1980 the neonatal mortality rate was 1.6 times higher 
for black infants compared with white ones in spite of 
the fact that the survival rate at any given gestational 
age is greater for low-birth-weight black infants. This 
was explained to a large extent by the greater frequency 
of preterm births among blacks compared with whites. 
Wilcox and Russell? however, reported that the ap- 
parent superior survival for low-birth-weight black in- 
fants compared with white infants is reversed and be- 
comes lower when population-specific standards for 
smallness are applied. | 

We analyzed neonatal mortality and morbidity in re- 
lation to maternal race and infant sex for the preg- 
nancies reported and found no significant correlations. 
Similar results for neonatal mortality were reported by 
Goldenberg et al.'° Specifically, no significant differ- 

_ences in survival associaied with infant race or sex were 
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found in 2061 infants whose birth weights were be- 
tween 500 and 2600 gm (70% were black) and who 
were delivered between 1979 and 1981 at the Hospitals 
of the University of Alabama in Birmingham. Resnick 
et al. analyzed 16,183 infants admitted to 10 neonatal 
intensive care centers and concluded that mortality was 
not related to maternal race or infant sex for birth 
weights >1500 gm. However, among 4590 infants 
whose birth weights were between 1000 and 1500 gm, 
including approximately one third who were neonatal 
transports, they reported higher survival rates for fe- 
male and black infants. Our results do not confirm 
those of Resnick et al. for infants weighing <1500 gm. 
This is most likely because of our substantially smaller 
number of very-low-birth-weight infants, but we cannot 
exclude the possibility that the mix of inborn versus 
outborn infants may be a factor accounting for these 
differences. Another possibility is that, unlike Resnick 
et al., we excluded pregnancies with complications such 
as hypertension that may have independent advantages 
and disadvantages for neonatal survival and morbidity. 
Importantly, Resnick et al. reported that infant race 
and sex had no impact on survival for birth weights 
>1500 gm. Indeed, they reported the birth weight 
threshold for mortality to be 1500 gm. Both of these 
latter results by Resnick et al. are similar to those now 
reported. 

For the purpose of this study birth weight rather than 
gestational age was reported because of the inability in 
many instances to accurately estimate gestational age. 
Goldenberg et al.” reported on the survival of infants 
born between 1978 and 1984 at various gestational ages 
and found that the gestational age beyond which little 
could be gained was 34 weeks. Between 27 and 34 
weeks’ gestation there was an incremental improvement 
in survival that averaged 4% per week and ranged be- 
tween 1% and 6%. Neonatal survival for infants with 
birth weights between 1550 and 2200 gm (31 to 34 
weeks’ gestation) increased from 93% to 98%. In the 
study now reported there were no neonatal deaths in 
403 infants with birth weights between 1600 and 2200 
gm, which corresponds to gestational ages between 31 
and 34 weeks as described by Goldenberg et al. Al- 
though our results are based on birth weight rather 
than gestational age and because it is possible that dis- 
orders of fetal growth may influence birth weight and 
consequently have an impact on neonatal survival, we 
deliberately excluded those pregnancies at greater risk 
for growth disorders, including infants with malfor- 
mations. It must also be considered that neonatal sur- 
vival during these critical weeks of gestation has im- 
proved since 1984. 
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In conclusion, we are somewhat surprised by the re- 
markably good outcomes for infants whose birth 
weights exceeded 1000 gm. At our institution the birth 
weight threshold at which postponement of delivery 
might be beneficial in terms of preventing neonatal 
death appears to be 1600 gm, independent of maternal 
race or infant sex. The threshold for neonatal morbid- 
ity, which included respiratory distress and necrotizing 
enterocolitis, was 1600 to 1900 gm. We believe that 
aggressive attempts at postponing delivery in infants 
whose birth weights exceed 1900 gm offers few benefits 
because of the efficacy of current neonatal manage- 
ment. As we have discussed, neonatal survival and mor- 
bidity can be influenced by a multitude of factors and 
it is most certainly prudent that health care providers 
exercise caution in the application of the results now 
reported. 
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Subchorionic hematoma and autoantibodies: Is 
there a relation? 


To the Editors: I read with great interest the article by 
Baxi and Pearlstone (Baxi L, Pearlstone MM. Subcho- 
rionic hematomas and the presence of autoantibodies. 
AM J OBSTET GYNECOL 1991;165:1423-4), 

The authors proposed that the presence of auto- 
antibodies may be an etiologic factor for subchorionic 
hematomas in patients. This hypothesis, however, is not 
supported by the literature. It is clear that the lupus 
anticoagulants are not associated with abnormal bleed- 
ing in most patients except when hypoprothrombine- 
mia, thrombocytopenia, or a qualitative platelet defect 
is present.’ In the absence of clotting or bleeding dis- 
order the lupus anticoagulants may be a benign labo- 
ratory abnormality. To support their hypothesis the 
writers should demonstrate a hypocoagulability state 
that is directly related to the presence of the autoan- 
tibodies. If not, the presence of autoantibodies in the 
sera of those patients is merely an incidental finding, 
and the recommendation to evaluate autoantibody t- 
' ters in pregnant women with subchorionic hematoma 
is not justified or cost effective. 

Oren Fruchter 

Greenbaum 29, Haifa, Israel 34987 
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Reply 
To the Editors: We appreciate this opportunity to reply 
to the queries raised by Fruchter about our manuscript. 
Indeed, lupus anticoagulant anticardiolipin antibodies 
are not always associated with a bleeding diathesis or 
an adverse outcome of pregnancy. However, Abra- 
mowsky et al.’ described a decidual vasculopathy as- 
sociated with the deposition of immunoglobulin in pa- 
tients with lupus. This may lead to thrombosis of the 
placental vessels, thereby resulting in abruptio placen- 
tae, which is one of the recognized complications of 
lupus. A subchorionic hematoma is a collection of blood 
between the chorion and the decidua, which may result 
from conditions leading to a marginal placental sepa- 
ration.” In summary, we state that the presence of au- 
toantibodies may be one of the predisposing factors for 
a subchorionic hematoma by virtue of a vasculopathy. 

Keeping in mind cost-effectiveness, we certainly do 
not recommend universal screening for antibodies but 
perhaps screening in patients with large subchorionic 
hematomas, a group known to be at high risk for preg- 
nancy complications.’ 

We are presently reviewing our cases prospectively 
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for the relationships between subchorionic hematomas 
and autoantibodies. 
Laxmi Baxi, MC, and Melissa Pearlstone, MD 


Department of Obstetrics and Gynecology, Columbian Presbyterian 
Medical Center, 622 West 168th St., New York, NY 10032 
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Laparoscopic electrosurgical oophorectomy: Risk 
of using “blanching” as the end point 
To the Editors: Dr. Gamran Nezhat has been present at 


` many meetings when my experience with laparoscopic 


electrosurgical oophorectomies, aquadissection, and 
underwater examination to obtain hemostasis without 


pneumoperitoneum pressure was presented. Thus I 


am pleased that Nezhat et al. (Nezhat F, Nezhat C, 
Silfen SL. Videolaseroscopy for oophorectomy. AM J. 
OBSTET GYNECOL 1991;165:1323-30) confirmed my 
findings that electrosurgery is an effective means of 
performing laparoscopic oophorectomy.’® However, 
I’m surprised that the originator of this technique was 
not mentioned. Before my reporting bipolar desicca- 
tion for large vessel hemostasis, the medicaf literature 
contained only one case report describing accidental 
desiccation of the infundibulopelvic ligament, which 
resulted in conversion to laparotomy.’ Laparoscopic 
electrosurgical oophorectomy with the carbon dioxide 
laser instead of scissors (“videolaserscopy”) is not a new 
technique as this article implies. Actually, cutting with 
scissors is not “tedious” or “blind” and is faster than 
with the laser. 

Their concept that “desiccation to the point of 
blanching allows improved tissue healing without risk 
of hemorrhage” is dangerous and not based on sound 
scientific evidence. Was cutting or coagulation current | 
used? I am concerned that blanching without end-point 
desiccation may result in inadequate coagulation,® fu- 
sion of collagen and elastic fibers,? and vessel weld 
strength,’® with subsequent bleeding. It is counter- 
productive to repeat the problems of the past. The 
ammeter provides a scientific measurement of complete 
coaptive desiccation allowing the surgeon to make an 
objective decision of how much current is enough and 
when it is safest to divide. The importance of moni- 
toring current flow for large vessel hemostasis is well 
documented.” &® 1 

I have done 300 laparoscopic oophorectomies since 
1976 using electrosurgical techniques without being 
troubled by the paddles of the bipolar forceps sticking 
to the tissue or friable tissue and, more important, with- 
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out postoperative bleeding. With Kleppinger bipolar 
forceps, the large blood vessels of the infundibulopelvic 
ligament and the uteroovarian ligament are com- 
pressed and bipolar cutting current is passed until com- 
plete desiccation is achieved (1.e., the current depletes 
tissue fluid and electrolytes until it ceases to flow be- 
tween the forceps as determined by an ammeter or 
current flow meter [Electroscope, Wolf, or Elmed]). If 
the forceps don’t completely occlude the vessel, the end 
point won’t.be reached; if the forceps are released at 
the end point, char rarely occurs. While the authors’ 
have not yet discovered hemorrhagic complications, it 
seems likely that the risk of bleeding will be much 
higher with their method if other surgeons make 
equally subjective determinations. 

Again I commend the authors for their work in op- 
erative laparoscopy, but I remain greatly concerned 
about this area of potential risk. 

Harry Reich, MD 
Wyoming Valley GYN Associates, Kingston, PA 18704 
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Reply 
To the Editors: Both unipolar and bipolar electrocoag- 
ulation have been used by numerous authors for at least 
16 years. These methods have been applied to seg- 
mental resection of the tube, oophorectomy, and 
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adnexectomy’® (personal communications from V. Go- 
mel, MD, R. Soderstrom, MD, and H. Mahnes, MD). 

Aqua (Latin) and hydro (Greek) are synonymous. The 
dissection of tissue planes by fluids was reported as early 
as 1932.* We were the first to report the combined use 
of hydrodissection and the carbon dioxide laser. In that 
report’ Reich’s experience was referenced. 

Underwater laparoscopic examination of pelvic and 
abdominal contents is a common practice among sur- 
geons who use intraperitoneal irrigation. Not only has 
this been our practice, but we have also taught the 
technique since 1982 in our postgraduate and live-dem- 
onstration courses.° Reich has been present at several 
of them. We are not aware of a report by him on the 
decrease of pneumoperitoneal pressure to evaluate he- 
mostasis.© Although other surgeons have used either 
the video monitor or the CO, laser during laparos- 
copy,” ® we were the first to combine them’® and to 
promulgate the use of video endoscopy. 

We recognize that cutting with scissors is effective. 
However, utilizing the CO, laser through the operative 
channel of the laparoscope as a cutting modality elim- 
inates the need for an additional puncture and converts 
the laparoscope from a diagnostic to an operative tool. 

Electrodesiccation has been used to seal large blood 
vessels.”° The mechanism of large blood vessel closure 
by high-frequency electrocoagulation was eloquently 
described in 1965 by Sigel and Dunn.” Electrocoagu- 
lation begins with shrinkage of the vessel wall resulting 
from the denaturation of tissue proteins combined with 
the melting of the carbohydrate tissue components and 
the dehydration of tissue fluids. The resulting coagu- 
lum formed by this melting and fusion of the vessel 
wall collagen and elastic fibers obliterates the lumen of 
the vessel. The most successful closures are character- 
ized by low levels of heating, which preserve the in- 
herent fibrillar structure of the connective tissue. Too 
much heating destroys the inherent fibrillar structure, 
forming a more amorphous coagulum, which is poorly 
penetrated by fibroblasts and capillaries and is char- 
acterized by more of an inflammatory-type reorgani- 
zation and healing process, which often results in un- 
successful or weak closures. Excessive heating during 
electrocoagulation results in complete disintegration of 
the amorphous coagulum, characterized by carboni- 
zation and loss of substance.'® For larger blood vessels, 
bipolar electrocoagulation is preferred, as it will encir- 
cle, compress, and fuse the vessel with the lowest degree 
of heating and the least volume for fusion. To accom- 
plish this, we use 20 to 25 W of high-frequency elec- 
trocoagulation and by visual inspection determine 
when coagulation is complete. Proper hemostasis is as- 
sured by decreasing pneumoperitoneal pressure. 

Reich"! reported using 25 to 50 W (Wolf electrogen- 
erator) for coagulation and an ammeter to determine 
complete blood vessel closure. We strongly believe us- 
ing such excessive power results in rapid desiccation, 
producing brittle tissue and bleeding.” Use of the am- 
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meter, as suggested to reduce bipolar sterilization fail- 
ure,’ is not only unnecessary and nonscientific but can 
be counterproductive in closure of blood vessels.’® The 
majority of gynecologists do not use the ammeter. In 
our extensive experience we have not had any com- 
plications related to inadequate hemostasis. 

Finally, there is much science surrounding electro- 
surgery, but the techniques used and the instruments 
chosen by the individual surgeon will greatly determine 
the success or failure of a given procedure. In addition, 
many other variables influence the successful use of 
electrosurgery. These variables include power setting, 
wave form, electrode size, time, technology used, and 
tissue Impedance. With so many variables, absolute an- 
swers are not possible. 

Reich suggests that end-point desiccation is a scien- 
tific measurement of complete coaptive desiccation, al- 
lowing the surgeon to make an objective decision of 
how much current is enough and when it is safest to 
divide the tissue. This implies an absolute answer. How- 
ever, it is Our opinion that it is possible to reach the 
impedance level that cuts off the current flow while 
viable tissue remains in the center. The ammeter simplv 
measures the total impedance present within the cir- 
cuit. It does not measure the viability of tissue. 

Whether a surgeon incorporates a visual end point 
or chooses to use the ammeter is more a question of 
personal preference and not one of absolute science. 
The greater concern is adequacy of training and ex- 
perience. Neither technique is infallible. 

Camran Nezhat, MD, and Farr Nezhat, MD 


Center for Special Pelvic Surgery, Fertility and Endoscopy Center, 
Endometriosis Clinic, 5555 Peachtree Dunwoody Road, Atlanta, GA 
30342 
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Is the glucose challenge test really unnecessary? 


To the Editors: We have read with great interest the 
article by Neilson et al. (Neilson DR Jr, Bolton RN, 
Prins RP, Mark C, III. Glucose challenge testing in 
pregnancy. AM J OBSTET GYNECOL 1991;164:1673-9). 
The authors concluded that there was no benefit for 
glucose challenge testing. We have some concerns re- 
garding possible methodologic flaws in the design of 
this study: 

1. A high threshold value (150 mg/dl) was chosen 
for the glucose challenge test. This possibly re- 
sulted in allocation of patients with gestational di- 
abetes into the control group, thus diminishing 
the difference (if any) between the control group 
and the study groups. This may explain the high 
incidence (14%) of macrosomia in the “normal” 
group. l 

2. All patients with abnormal glucose tolerance tests 
were treated. Therefore the negligible difference 
in macrosomia and cesarean deliveries may reflect 
successful treatment and not poor screening. 

3. Interestingly enough, in their borderline group 
of patients (one abnormal value), the average 
birth weight was actually lower than in those with 
a normal glucose tolerance test. This is in contrast 
with two previous studies™? reporting an increased 
incidence of macrosomia and improvement with 
treatment. Is it possible that the obstetricians car- 
ing for these patienzs were familiar with these 
studies and informally prescribed a diet to these 
patients? 

We have also conducted a retrospective study com- 
paring macrosomia in women with normal and bor- 
derline glucose tolerance test results. We had more pa- 
tients (n = 32) with borderline values than in Neilson’s 
study (n = 14). There were six neonates above the 90th 
percentile and one that weighed >4 kg. As in Neilson’s 
study, our study did not demonstrate a significant dif- 
ference in macrosomia. However, both studies did not 
have the power to show a difference. A sample of 400 
patients in each group would be required to demon- 


strate a relative risk reduction of >25% (based on a 


error = 5%, B error = 20%, macrosomia in control 
group 7%, macrosomia in borderline group 14%). The 
authors’ conclusion that postprandial glucose monitor- 
ing can be done in lieu of challenge testing is not sup- 
ported by their data. 

In conclusion, we suggest that a large, well-designed 
prospective study is required to assess the value of glu- 
cose challenge testing. 

Debbie Butler, MD, Dan Farine, MD, and 
Denice S. Feig, MD 


Mount Sinai Hospital, University of Toronto, 600 University Ave., 
Toronto, Ontario, Canada MIG 1X5 


Reply 
To the Editors: We wish to thank Butler, Farine, and Feig 
for their interest in our article on glucose challenge 
testing. We specifically selected a high threshold value 
(150 mg/dl) because we believed this would increase 
specificity and should exaggerate the difference be- 
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tween the abnormal and the normal groups. Our Fig. 
2 shows that the percentage of abnormal glucose tol- 
erance test results falls progressively from a screening 
value of 190 mg/dl down to a value of 150 mg/dl and 
makes it unlikely that we are missing significant num- 
bers below that point. 

Patients in this practice are routinely given dietary 
advice, and this is done independently of the glucose 
screen. All patients with abnormal glucose tolerance 
test results were evaluated with post-prandial glucose 
measurements, and added dietary advice was given 
only to those individuals who showed increased levels. 
If our routine dietary advice policy eliminates the ex- 
cess macrosomia in the abnormal glucose tolerance test 
group it is further support for our contention that the 
costly screening is not as appropriate as is routine di- 
etary advice. The physicians treating the patients were 
not aware of the glucose screening value unless it was 
high enough to trigger a 3-hour glucose tolerance test, 
and even in that case only the glucose tolerance test 
was shown on the prenatal record so that physician bias 
was not thought to be a factor. 

We did not conclude that postprandial glucose mon- 
itoring without challenge testing would be a practice 
supported by our data; however, we suggested that this 
would be an alternative that deserves consideration on 
the basis of the work of Lind (our reference 5). 

According to our statistical program a study of this 
size would distinguish a birth weight difference be- 
tween the groups of approximately 1 ounce at the 0.05 
level. While this is not as mathematically precise as a 
larger study could be, we believe that differences 
smaller than this probably would not have any in- 
creased clinical relevance. 

Our primary concern relates to the long loose chain 
between the association of fetal macrosomia, increased 
fetal insulin. production, increased average maternal 
glucose level, abnormal 3-hour oral glucose tolerance 
test, and increased l-hour glucose challenge screen. 
There may be many other factors determining macro- 
somia besides this one channel, which may be why this 
form of testing appears so inefficient in clinical practice. 
With the well-publicized soaring cost of medical care, 
a screening test of this degree of efficiency may soon 
be impossible for even persons in the United States to 
afford. 3 

We remain quite concerned about the problem of 
macrosomia but believe there must be a more efficient 
and cost-effective way to determine the patient at risk. 
Obviously much more work remains to be done. 

Duncan R. Neilson, Jr., MD, Richard N. Bolton, MD, 
Robert P. Prins, MD, and Carl Mark III, MD 


The Women’s Clinic, P.C., Obstetrics and Gynecology, 2220 Lloyd. 


Center, Portland, OR 97232 


Composite assessment of gestational age 
To the Editors: I found the conclusions made by Hill et 


al. in their recent article to be very interesting (Hill LM, 


Guzick D, Hixson J, Peterson CS, Rivello DM. Com- 
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posite assessment of gestational age: a comparison of 
institutional derived and published regression equa- 
tions. AM J OBSTET GYNECOL 1992;166:551-5). It is 
reassuring to know that the conclusions I made with 
regard to the need for institutional weight estimation 
equations’ also applies to the gestational age calculation. 
Unfortunately, after reading and rereading the article 
I did not see any mention by Hill et al. of population 
distribution by gestational age at ultrasonographic eval- 
uation or by race. Both of these factors may affect their 
analysis. 

Previously, I speculated that the probable reason for 
the differences in the weight estimation equations were 
the differences in the population mixtures for each 
region.’ At the last annual meeting of the Society of 
Perinatal Obstetricians I was able to show in a large 
retrospective and a smaller prospective study that there 
were significant differences between a black and white 
population in the primary ultrasonographic measure- 
ments.” 

H.O. Thompson, MD 


Department of Obstetrics and Gynecology, University of South Dakota, 
Ann Berdahl Hall, 1100 South Euclid Ave., Sioux Falls, SD 57117 
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Reply 


- To the Editors: Our evaluation of published results con- 


cerning the applicability of regression equations de- 
rived from one institution to the prediction of birth 
weight or gestational age in another institution is some- 
what different from Thompson’s. For the most part 
these equations perform rather well across different 
population groups, perhaps reflecting fundamental bi- 
ologic relations between fetal measurements and fetal 
weight or gestational age. This was true not only in our 
recent study, to which Thompson refers, but also in a 
previous investigation.’ 

Whether the Houston regression equations were 
used as estimated from Houston data or as reestimated 
from Pittsburgh data, in our recent paper the accuracy 
of predictions and variability in these estimates were 
similar. Although we suggested that each obstetric ul- 
trasonographic service evaluate their data to verify gen- 
eralizability of results, we concluded from our study 
that carefully obta:ned biometric data can be general- 
ized across population groups. 

With respect to how the data were distributed ac- 
cording to gestational age or race, this issue was ad- 
dressed in a previous publication.’ In that study we 
found that variability in gestational age prediction in- 
creased in an approximately linear fashion with ges- 


1154 Letters 


tational age at the time of assessment. In addition, the 
relationship between gestational age and radius was 
different for white and black subjects (i.e., a 10-day 
difference in gestational age assessment was noted in 
the third trimester). In this respect, we agree with 
Thompson’s findings. We did not include this type of 
analysis in the more recent study because our focus was 
on comparison of overall regression equations across 
the full spectrum of gestational ages. 

Lyndon M. Hill, MD, and David S. Guzick, MD, PhD 


Department of Obstetrics and Gynecology, University of Pittsburgh 
School of Medicine, Forbes Ave. and Halket St., Pittsburgh, PA 
£5213 
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Role of 17ßB-estradiol and tamoxifen in induction of 
endometrial carcinoma in experimental animal 
model: Nude mice 


To the Editors: I read with great interest the article by 
Sakakibara et al. (Sakakibara K, Kan NC, Satyaswaroop 
PG. Both 178-estradiol and tamoxifen induce c-fos mes- 
senger ribonucleic acid expression in human endo- 
metrial carcinoma grown in nude mice. AM J OBSTET 
GYNECOL 1992;166:206-12) on the modulation of pro- 
tooncogene expression by 17B-estradiol and tamoxifen 
in human endometrial carcinomas. They reported that 
EnCa-138 tumor was chosen as a negative control be- 
cause its growth was unaffected by E, and tamoxifen 
and that they monitored the growth rate of the tumor 
weekly over a 10-week period; it would have been in- 
teresting to see data regarding tke growth of the tumor 
over an extended period to evaluate the pattern of 
growth in the control, E,, and the tamoxifen groups. I 
am surprised that E, and tamoxifen showed rapid and 
transient induction of c-fos messenger ribonucleic acid 
in EnCa-138 tumor, and I wonder if these findings were 
reproducible. 

The clinical significance of the oncogenic effect of 
tamoxifen has been reported.’? It has been shown that 
adenosis-like lesions were found in the upper vagina, 
{and including the cervical region of ICR mice) as early 
as l day after five daily injections of 200 pg tamoxifen 
starting the day of birth®; in another study an adverse 
effect on the ovary was noted. It is worth noting that 
the increased incidence of endometrial cancer and ad- 
enosis may limit the usefulness of tamoxifen for benign 
conditions and as adjuvant treatment of early breast 
cancer. 

Samir A. Farghaly, MD, PhD 


Ullmann Medical Research Building, Albert Einstein College of 
Medicine, 1300 Morris Park Ave., New York, NY 
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Reply . 

To the Editors: We appreciate Farghaly’s comments. The 
transient messenger ribonucleic acid expression for c- 
fos in response to estradio: and tamoxifen in EnCa-138 
tumor was repeatedly observed in three separate ex- 
periments. As indicated in the article, these results were 
quite intriguing because EnCa-138 was devoid of ste- 
roid receptors and insensitive to E, or tamoxifen with 
regard to growth in the nude mouse. A similar effect 
of E, on c-fos expression in a steroid receptor—negative, 
estrogen-nonresponsive endometrial cancer cell line, 
ANSCA in vitro, was recently reported by Wu and 
Wan.’ 

Lack of effect of E, or tamoxifen on EnCa-138 
growth in nude mice was a consistent observation. 
EnCa-138 grows rapidly under all conditions and 
reaches a geometric mean diameter of 1 to 1.5 cm by 
4 to 6 weeks. The duration of observation for EnCa- 
138 was 9 weeks, the results of which were presented 
in Fig. 1 in our article. Because tumors larger than 
l cm in geometric mean diameter (~1 gm) invariably 
develop necrosis at the center, tumor growth was rarely 
monitored beyond this point. 

P.G. Satyaswaroop, PhD 


Department of Obstetrics and Gynecology, The Milton S. Hershey 
Medical Center, Hershey, PA 17033 
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Anticardiolipin tests in healthy pregnant women 
To the Editors: We read with interest the article by Harris 


_and Spinnato (Harris EN, Spinnato JA. Should anti- 


cardiolipin tests be performed in otherwise healthy 
pregnant women? AM J OBSTET GYNECOL 1991; 
163:1272-7). 

We agree that the predictive value of low cardiolipin 
antibody titers is poor and that screening is at present 
unjustified. However, in the described study >90% of 
the population was tested at term when a successful 
pregnancy outcome was virtually guaranteed. The sam- 
ple of women whose test results for anticardiolipin an- 
tibodies were positive at term are likely to be those in 
whom the presence of antibodies is not associated with 
a pathologic condition. Women with spontaneous abor- 
tion, the most common pathologic condition associated 
with the presence of anticardiolipin antibodies, were 
excluded by the study design. 

Harris and Spinnato conclude that aggressive treat- 
ment for women with a history of recurrent sponta- 
neous abortion and low positive immunoglobulin G an- 
tibody titers (5 to 20 immunoglobulin G phospholipid 
units) may not be justified. Although this may be. their 
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study design does not provide evidence for this con- 
clusion. 

In our recurrent miscarriage clinic 33 (41%) of 81 
women with a history of three or more first trimester 
abortions have a positive immunoglobulin G anticar- 
diolipin test (14.9 + 7.6 immunoglobulin G phospho- 
lipid units). This is a strong association. There is con- 
flicting evidence on the value of treatment with either 
low-dose aspirin or corticosteroids." * We await the re- 
sults of randomized, controlled studies currently un- 
derway before any conclusions can be drawn. 

N.S. Pattison, MD, and M.A. Birdsall, MB, ChB 


Department of Obstetrics and Gynecology, National Women’s 
Hospital, University of Auckland, Claude Road, Auckland 3, 
New Zealand 
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Reply 

To the Editors: We agree with Pattison and Birdsall that 
our study of the predictive value of anticardiolipin tests 
in healthy pregnant women may have excluded a group 
with early miscarriages. However, about 10% of the 
women we studied had complications of pregnancy 
normally associated with anticardiolipin antibodies, but 
these antibodies were no more frequent in this group 
than in women with uncomplicated pregnancies. We 
do note with interest that in the clinic of Pattison and 
Birdsall 41% of the women with a history of three or 
more first-trimester abortions had primarily low posi- 
tive anticardiolipin tests. Given the well-known interest 
of Pattison et al. in the antiphospholipid syndrome, we 
wonder whether their numbers may be biased because 
patients with these problems are referred to their clinic. 
The thrust of our paper was not that women with 
recurrent miscarriages and low positive anticardiolipin 
test results should not be treated. It was that this test 
result was usually negative or low positive in otherwise 
healthy pregnant women and, at these low levels, had 
poor predictive value for pregnancy loss. Hence there 
seems little to be gained by ordering this test in a healthy 
pregnant woman unless the woman had a history 
suggestive of the antiphospholipid syndrome or sys- 
temic lupus erythematosus. In the appropriate clinical 
setting (multiple miscarriages, history of thrombosis), 
an obstetrician may well elect to treat a woman with 

low positive anticardiolipin tests during pregnancy. 
E. Nigel Harris, MD, and J. A. Spinnato, MD 


Department of Medicine, University of Louisville School of Medicine, 
Louisville, KY 40292 


Oral magnesium chloride for the prevention of 
recurrent preterm labor 

To the Editors: Ricci et al. (Ricci JM, Hariharan S, Helf- 
gott A, Reed K, O’Sullivan MJ. Oral Tocolysis with 
magnesium chloride: a randomized controlled pro- 
spective clinical trial AM Į OBSTET GYNECOL 
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1991;165:603-10) conclude that orally administered 
magnesium chloride (3.2 gm/day) ts as effective as rito- 
drine (120 mg/day) both in prolonging pregnancy in 
women with preterm labor and in preventing recurrent 
preterm labor. However, neither agent was more ef- 
fective in preventing recurrent preterm labor or pre- 
term delivery than no treatment. The described study 
design was apparently intended to test two hypotheses: 
first, that oral maintenance therapy with either rito- 
drine or magnesium chloride would prolong pregnancy 
to a greater degree than no treatment in women who 
had been successfully treated for an episode of preterm 
labor; and second, that the efficacy and safety of mag- 
nesium chloride was equal to or superior to that of 
ritodrine. Unfortunately, neither hypothesis was ade- 
quately tested. The sample size (n = 25 in each group) 
was far too small to evaluate the absolute or relative 
effectiveness of any of the three treatment modalities. 
The incidence of the adverse outcome variable (pre- 
term delivery) was 52% in the no-treatment group. To 
have a power of 0.80 (B = 0.2, a = 0.05), a 30% re- 
duction in preterm delivery resulting from treatment 
would require a sample size of 170 in each group; a 
50% reduction in the rate of preterm delivery would 
require a sample size of 55 in each group. Further, in 
comparing magnesium chloride and ritodrine Ricci et 
al, used an inadequate dosage of ritodrine. Although 
they used the dose of ritodrine recommended by the 
manufacturers (i.e., 120 mg/day), this dosage has been 
shown to be less effective than 30 mg of terbutaline in 
preventing recurrent preterm labor.’ This dose of rito- 
drine results in low plasma concentrations that are 
clearly inadequate to prevent recurrent preterm 
labor.” * Orally administered ritodrine at a dosage of 
120 mg/day is therefore not a standard against which 
any new therapy should be judged. 

In summary, we disagree with the conclusion of Ricci 
et al. that their study indicates that oral magnesium 
chloride should be viewed as an acceptable option for 
prevention of recurrent preterm labor and delivery. We 
do agree with Ricci et al. that additional clinical trials 
are necessary to determine whether oral maintenance 
therapy is useful in preventing recurrent preterm labor 
and delivery. 

Steve N. Caritts, MD 
University of Pittsburgh School of Medicine, Magee-Womens 
Hospital, Forbes Ave. and Hatket St., Pittsburgh, PA 15213 
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Reply 
To the Editors: We thank Caritis for his comments re- 
garding our study. He is correct in his description of 
the hypotheses we intended to test. The dose of rito- 
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drine used for patients randomized to group I in our 
study was the standard management protocol used at 
our institution during the period of study (July 1988 
to June 1989); it remains the dose recommended by its 
manufacturer in spite of Caritis’ cited work,’ which sug- 
gests an increased oral dose to prevent preterm labor. 
It is indeed unfortunate that the size of our study 
population was not large enough to give statistical cre- 
dence to our finding of no difference in a number of 
outcome variables examined Eetween our treatment 
groups, magnesium chloride or. ritodrine, and our ob- 
servation-only group. Frankly, we were surprised that 
a negative study result was found. Caritis correcily 
points out the need for a power analysis to determine 
the required study number before embarking on a proj- 
ect such as this. Contrary to the implication at the end 
of Caritis’ letter, we made no cefinitive conclusions as 
to which therapy (magnesium chloride vs ritodrine), if 
any, should be given to women who have had an epi- 
sode of preterm labor arrested with intravenous mag- 
nesium sulfate. Rather, we believe it reasonable to sug- 
gest oral magnesium for contirued tocolysis if desired. 
Others have supported oral magnesium agents as al- 
ternatives to B-mimetics when continued tocolysis is 
planned.* * We could not igncre that the clinical out- 
come in all three groups in our study was essentially 
the same. We believe our findings raise the question of 
whether oral tocolytics are useful in patients with ar- 
rested preterm labor, a question that could not be an- 
swered in our study but urges attention in future 
studies. 
Jean M. Ricci Goodman, MD, Seemanthini Hariharan, MD, 
Andrew Helfgett, MD, and Mary Jo O'Sullivan, MD 


Department of Obstetrics and Gynecology, The University of 
Miamil Jackson Memorial Medical Center, 1611 NW 12th Ave., 
Miami, FL 33136 
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The dosing of subcutaneous terbutaline pump 
tocolytic therapy is critical 


To the Editors: Fletcher et al. (Fletcher SE, Fyfe DA, 
Case CL, Wiles HB, Upshur JK, Newman RB. Myo- 
cardial necrosis in a newborr. after long-term maternal 
subcutaneous terbutaline incusion for suppression of 
preterm labor. AM J OBSTET GYNECOL 1991;165:1401- 
4) reported a case of myocardial necrosis in a newborn 
after treatment of the mother with long-term subcu- 
taneous terbutaline. Subcutaneous terbutaline pump 
tocolytic therapy was introduced in 1988 as a method 
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of preventing the tachyphylaxis associated with long- 
term B-mimetic tocolytic administration. 

In the published terbutaline pump protocol,’ patient- 
specific circadian patterns of uterine activity are iden- 
tified. Basal infusions of subcutaneous terbutaline sup- 
press low-amplitude, high-frequency uterine activity 
patterns, and programmed intermittent boluses control 
the nocturnal peak contraction period. Medication re- 
quirements are thereby reduced, decreasing the risk of 
tachyphylaxis, B-receptor desensitization, and toxic 
side-effects. The basal rate requirements were 0.05 
mg/hour. The bolus dosage was 0.24 mg; the mean 
number of boluses per day was 5.4 + 1.8, with dosing 
clustered every 2 hours during circadian peaks of uter- 
ine activity. Pregnancies were prolonged an average of 
9.2 + 3.7 weeks, on average a daily subcutaneous dose. 
of 3 mg/day. 

In the case report by Fietcher et al. the basal infusion 
was 0.5 mg/hour, 10 times my recommended rate. 
After 10 weeks of successful tocolysis, additional boluses 
of 0.3 mg were added each hour to the baseline infusion 
for an additional 2 weeks of therapy. This represents 
a fourfold increase from the maximum published bolus 
infusion rates. In additicn, the biologic half-life of sub- 
cutaneous terbutaline is approximately 2 hours.’ Injec- 


tions of terbutaline “each hour” is pharmacokinetically 


equivalent to a high-dose continuous infusion, which 
has been shown to lead to tachyphylaxis.” Overall, the 
patient described received a dosage of subcutaneous 
terbutaline that is'600% greater than the dosage in my 
original report. 

Very little information was included about the clinical 
management of this patient. Was the tocolytic infusion 
titrated specifically to the end organ B.-adrenergic ef- 
fect (decrease in uterine activity), or was the patient 
driven to excessive tachycardia, a B,-adrenergic side- 
effect? What were the maternal and fetal heart rates 
during therapy? What was the glucose control of the 
patient’s gestational diabetes, and how did it relate to 
the fetal cardiomyopathy? At 35 weeks’ gestation why 
was the fourfold increase of dosage needed? If there 
was recurrent preterm labor, was amniocentesis for fe- 
tal lung maturity, considered? Why was an alternative 
tocolytic agent such as intravenous magnesium sulfate 
(which does not bind to the B-adrenergic receptor) not 
used at the time of recurrent preterm labor?’ 

I do agree with Fletcher et al. that delivery systems 
for long-term tocolytic therapy need further evalua- 
tion. As modalities for tocolytic therapy become more 
effective, the duration of fetal exposure increases. This 
increase emphasizes the need for a greater understand- 
ing of the therapies involved and adherence to the rec- 
ommendations of pubtished protocols. 

Fung Lam, MD 


Department of Obstetrics and Gynecology, Californta-Pacific Hospi- 
tal, 3838 California St., Sen Francisco, CA 94118 
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Reply 
To the Editors: It is an honor to respond to Lam’s letter. 
Without his help, our beautiful and brilliant little boy 
would not have achieved the 35 weeks of gestation that 
he did. My wife was one of the first handful of women 
managed with subcutaneous terbutaline infusion ther- 
apy by Lam and Pamela Gill, RN. I make this personal 
reference to underscore the critical importance of pro- 
longing pregnancy and preventing premature delivery. 
The consequences of prematurity remain the greatest 
risk facing any expecting couple. The subcutaneous 
terbutaline infusion pump is in our opinion an ex- 
tremely important development in obstetric care be- 
cause of its success in achieving long-term tocolysis. For 
this reason, the presented case report is of great sig- 
nificance and the opportunity to more thoroughly ex- 
plore its content is appreciated. 

Many of the questions raised by Lam are similar to 
those asked by Bey etal.’ Although the daily contraction 
records are unavailable, the tocolytic infusion was ti- 
trated on the basis of uterine activity. Unfortunately, 
the patient summaries indicate that uterine activity was 
poorly controlled and was responsible for the escalation 
of the terbutaline infusion rate. At office visits the fetal 
heart rate was reported to be within normal limits; how- 
ever, maternal tachycardia was present and the patient 
was highly symptomatic. Ultimately the subcutaneous 
terbutaline infusion was discontinued at 36 weeks be- 
cause of maternal jitteriness and tachycardia. Because 
we were not responsible for.the obstetric care of this 
patient, we are uncertain as to whether either intra- 
venous magnesium sulfate or amniocentesis were con- 
sidered when recurrent preterm labor occurred. These 
would seem to be reasonable alternatives when con- 
fronted with the need for such significant increases in 
the terbutaline dosage. The patient also had class A, 
diabetes. A glucola screen was elevated at 145 mg/dl 
and the follow-up 3-hour oral glucose tolerance test 
was abnormal. After beginning a 2000-calorie/day 
American Diabetes Association diet, all follow-up fast- 
ing and 2-hour postprandial blood sugar levels 
were <100 mg/dl. There was no polyhydramnios, ma- 
crosomia, or neonatal hypoglycemia that I would as- 
sociate with a possible fetal diabetic cardiomyopathy. 

We have had extensive experience with subcutaneous 
terbutaline infusion and have not had similar neonatal 
problems. However, in vitro evidence suggests a po- 
tential for fetal cardiac toxicity,?* and other cases have 
been reported.* We agree with Lam that either the ex- 
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cessive dosage of subcutaneous terbutaline or the lon- 
ger duration of fetal exposure may have contributed 
to the adverse cardiovascular effects seen in this neo- 
nate. More study needs to be done on this new and 
potentially valuable tocolytic delivery system; in the 
meantime, careful attention should be given to the 
treatment recommendations outlined by Lam.’ 

Roger B. Newman, MD 


Medical University of South Carolina, 171 Ashley Ave., Charleston, 
SC 29425 
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Milrinone use in the pregnant ewe 


To the Editors: I read with interest the article by Santos 
et al. (Santos AC, Baumann AL, Wlody D, Pedersen H, 
Morishima HO, Finster M. The maternal and fetal ef- 
fects of milrinone and dopamine in normotensive preg- 
nant ewes. AM J OBSTET GYNECOL 1992;166:257-62). 
Their findings of no adverse effects on the pregnant 
ewe or fetus are encouraging, and hopefully milrinone 
will be useful in the care of the critically ill pregnant 
woman who requires inotropic support. 

However, as of this writing, milrinone, although ap- 
proved for release by the Food and Drug Administra- 
tion, has not been released by Winthrop Labs. As such, 
it is unavailable to the intensivist. Amrinone is an in- 
otrope with similar effect. The first use of amrinone in 
human pregnancy was recently described by me.’ Al- 
though cardiac output increased and systemic vascular 
resistance decreased, metabolic acidosis, hypoxemia, 
and premature ventricular complexes developed. Fetal 
monitoring was limited to external heart rate monitor- 
ing, with no obvious changes occurring. 

Until milrinone is available and experience using it 


is gained, for the gravid woman who requires inotropic 


support, amrinone may be a better choice in spite of 
these adverse effects on one patient. 
Russel D. Jelsema, MD 


Department of Obstetrics end Gynecology, Butterworth Hospital, 100 
Michigan NE, Grand Rapids, MI 49503 
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Important subject. 
Important hands-on methodology. 





Exceptional skills are born ofexceptional training. And 
there are none better than skills gained on a live, preg- 
nant patient. For the last decade, we’ ve emphasized not 
only the how of the science of ultrasound, but also the 


why behind each technique. 


We offer comprehensive training seminars in ab- 
dominal, vascular, obstetric/pelvic, and cardiac ultra- 
sound, And, for your convenience, our seminars are 
held in major cities across the United States as well as 
at our modern new facility in the Dallas area. We offer 
a variety of two-, three-, and five-day programs at 
reasonable fees. Classes are roughly half theory and 
half intensive hands-on training. Class size, is strictly 
limited, and postconference support is free to our 
guests--jorever. 

All of our seminars are SDMS-approved for CEUs. 
Call KMA 24 hours a day for a free information kit that 
tells you about us and any of the twenty different 
seminars we conduct regularly. For exceptional ab- 
dominal/obstetric/pelvic imaging, put your hand in 
our hands. Just call (214) 402-8250. 


_ - Hands-On Abdominal Imaging 
July 20-24, Sept 14-18, Nov 2-6, Dallas. 
Advanced Abdominal Imaging Interpretation 
l =- July 24-25, Dallas. 
Advanced Obstetric/Pelvic Imaging Interpretation 
July 31-August 1, Dallas. 
Hands-On Obstetric/Pelvic Imaging 
July 27-31, Sept 21-25, Nov 9-13, Dallas. 
© Hands-On Abdominal/Pelvic Doppler 
July 27-29, Dallas. 


4 ; 600 E. Las Colinas Blvd. 
yD Keith Mauney Ste. 250, Irving, TX 75039 
& Associates, Inc. Phone: 214/402-8250 


GYN ECOLOGIST BC/BE OB/GYN to jain busy 3-person practice in 


scenic Westchester County, New York. 


Large multi-specialty clinic in the 259 bed hospital is an affiliate of Columbia Pres- 
Phoenix suburban area is seeking a byterian with state of the art operating room includ- 


s sp ing endoscopic instrumentation and laser, highest 
board eligible or board certified delivery rate in the county, level Il nursery with full 


Gynecologist to join our 28 physician time Neonatologist, 24 hour anesthesia coverage, 


group. Excellent professional and fi- i new LDRs under construction, excellent RN staff 


: F and well credentialed medical staff in all special- 
nancial opportunity. Send CV to: ee sa 


Larry D. Schwartz Community is picturesque and family oriented with 
Executive Director | excellent public and private educational oppor- 

: . nats tunities, amenable to all-season sports and recre- 
Arizona Medical Clinic, Ltd. - ational activities and yet is 45 minutes from all New 


13640 North Plaza del Rio Bivd. i York City has to offer. 


Peoria, Arizona 85381 | Excellent salary and benefits with partnership op- 
portunity. 


Skill in operative laproscopic procedures prefera- 
ble. 


Send curriculum vitae to: 


Bruce L. Brofman and 
i Regina M. Giuffrida, M.D.'s P.C. 


ARIZONA MEDICAL CLINIC, LTD. 2000 Maple Hill Street 
Yorktown Heights, NY 10598 


Atin: Beverly 


BUMS _ 
bout to give birth to several great 
opportunities. As a result of these exciting developments, excellent positions exist in 
group practices for BC/BE OB/GYNs. Academic appointments available. 


New State-of-the-Art Women’s Health Care Center 


Combines OB/GYN programs of St. Margaret’s, a renowned regional perinatal 
referral center, and St. Elizabeth’s, an acclaimed 350-bed university medical center _ 

è Major teaching institution affiliated with Tufts University School of Medicine 

Become part of the nation’s preeminent medical community looking for OB/GYN 
to join strong, five-physician practice in Boston area 


Prominent Acute Care Facility Completing 
Major Redesign of Maternity Unit 


+ Join new, currently forming, three-physician practice in desirable town of Andover in 
picturesque Merrimack Valley 30 miles north of Boston 

¢ Less than an hour to the mountains and the ocean 

+ Enjoy suburban New England lifestyle in one of area’s most sought after communities 


Above average compensation, including salary, bonus and benefits. Equity position and 
investment opportunities available. 
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FACULTY POSITIONS 


GENERALIST OBSTETRICIAN/ 
GYNECOLOGIST 
MATERNAL/FETAL MEDICINE 
SUBSPECIALIST 
GYNECOLOGIC ONCOLOGIST 
REPRODUCTIVE ENDOCRINOLOGIST 


The James H. Quillen College of Medicine of East Ten- 
nessee State University offers an excellent opportunity 
to physicians of these specialties who are Board Certified 
or Board Eligible. This opportunity offers both tangible 
and intangible benefits sometimes not found in larger . 
cities. Our emphasis is on excellence in service to pa- 
tients, education, and research. These faculty positions, 
both tenure track and grant-supported, are at open rank . 
and offer very competitive salaries and excellent fringe 
benefits. The Gynecologic Oncologist position is funded 
by an outside source. The Tri-Cities area boasts of good 
schools and suburban living in beautiful Northeast Ten- 
nessee with easy access to various cultural activities. 
Our outdoor sports include all water sports, snow skiing, 
the Appalachian Trail, and numerous scenic attractions. 
Our medical referral base consists of 1.3 million people 
within a 50 mile radius. Send curriculum vitae to: 


Frederick R. Jelovsek, M.D. 
Professor and Chairman, 
Dept. of OB/GYN ` 
James H. Quillen 

College of Medicine 
East Tennessee State University 
Box 70,569 
Johnson City, TN 37614-0569 


ETSU is an AA/EO employer. 











ef 


ETS 


Easi Tennessee Stale University ` 


a 





OBSTETRICIANS AND GYNECOLOGISTS 
Ilinois 
OB/GYN Physicians néeded to join Carle Clinic 
Association, a 225 physician, multi-specialty group 
practice in central Illinois with opportunities at the 


main campus as well as three additional sites - - 


Urbana, Bloomington, Danville and 
Mattoon/Charleston. These communities offer 
recreational, cultural and educational amenities. 
Benefit package includes a competitive salary with 
_ partnership and income sharing plan after two 
years, professional liability insurance, health, life 
and disability insurance and generous vacation and 
meeting time. Contact: 
Robert C. Parker, Jr., MD 
Medical Director 
Carle Clinic Association . 
602 W. University, Urbana, Illinois 61801 
Phone 217-383-3399 - Fax 217-383-3163 | 





-OB/GYN 


< BC/BE OB/GYN wanted to share 
practice. opportunities with two estab- 


lished OB/GYN’s on the Cumberland 


Plateau in Tennessee. Cumberland 


Medical Center, located within easy 


access to three major cities, boasts a. 


216-bed regional medical center with 
39 active staff physicians reflecting 13 
specialties. Superb environment for 
family living in a rapidly growing com- 
munity with excellent schools, diverse 
cultural and outdoor recreational ac- 


tivities, numerous lakes, game re- / 


serves, rivers and mountains. 
Address inquiries to: 
_ Mercedes B. Lawrence 
Cumberland Medical Center 
P.O. Box 667 
Crossville, TN 38555 
(615) 484-9511, Ext. 321 


[HEALTH CARE CENTERS] 


-A Member of Tne Detroit Medical Center 


OB/GYN 
PRACTICE OPPORTUNITY 


Suburban Deiroit multi-specialty group practice 
comprised of over 100 physicians is currently seek- 
ing two board certified OB/Gyn’s to join our prac- 
tice. 

The group offers the opportunity to practice quality 
medicine in a multi-specialty setting backed by the 
outstanding resources of seven leading hospitals 


` of the Detroit Medical Center and the Academic 


Health Center of Wayne State University. 


Our practice sites are located in some of the fastest 
growing affluent communities in Oakland County, 
offering an excellent balance between fee-for-ser- 
vice and: managed care patients. 


A competitive income guarantee, sign-on bonus 
and outstanding benefits package including mal- 


- practice insurance is available. 


For more information on this excellent opportunity 
please send or fax CV to Marjorie Yedlin, DMC 
Health Care Centers, 41935 W. 12 Mile Rd., Novi, 
Michigan 48377-9901, (313) 347-8202, fax: (313) 
347-8209, 
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add BC/BE Obstetrician-Gynecologists to 






tive in donor and husband insemination. 





Programs available. 
Fargo Clinic MeritCare is located next to 






care & trauma center. St. Luke’s is a 






Neonatologists. © 


Fargo, ND, and its sister city of Moorhead, 
MN, is a tri-college community of 130,000. 







available year around. 






spond to Kathleen McKittrick Toft, Direc- 
tor, Physician Recruitment, 737: Broad- 
way, Fargo, ND 58123 or eat 1-800- 437- 
4010, Ext. 2151. 










PERINATOLOGY 
Chief of Obstetrics 


Excellent opportunity for a BE/BC Mater- | 
nal-Fetal Medicine Specialist to provide leadership 
at an outstanding private teaching hospital in 
Cleveland, Ohio. The position includes teaching, 
diagnostics and consultation; private practice 
component. Faculty appointment at a major 
University and research facilities available. 

Exceptional staff and administrative 
support. New Fetal Diagnostic Center. Highly 


competitive compensation package. 
Cleveland is a world class city located on 
beautiful Lake Erie. Sailing, fishing, professional 
sports, outstanding arts and cultural activities, 
many colleges and universities, great restaurants. 
For information, call and/or send CV to: - 


Rob Gamage, Consultant, 800-633-6832 ` 


Gas es i 


129 N. Adams St. « Louisville, KY 40206 
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OB-GYN Physicians 


Large multispecialty group is seeking to- 
its current staff of five. Department is ac- — 


Opportunity to develop in Vitro and Gift | 


St: Luke’s Hospitals, a 400 bed tertiary _ 


NACHRI designated Children’s Hospital — 
with a level III ICN staffed with four BC | 


Exceptional opportunities for cultural, rec- 
reational, sporting or hunting. activities . 


Competitive compensatory package. Re- - 








COLORFUL 
COLORADO 


Fort Collins, Colorado 


OB/GYN 


_ Board Eligible/Board Certified 


To join a 6-physician, 
3 nurse midwifery practice 
1 office, 1 hospital 
Competitive benefits. 


SEND CV TO: 


~ Fort Collins Women’s Clinic 


= 1106 East Prospect Road 
Fort Collins, Colorado 80525 
. Attn: Donald Selvage, 
| Administrator 
(303) 493-7442. 





— 


GIFFORD MEDICAL 
CENTER 


VERMONT 


OB/GYN, board certified/eligible physi- 
cian. Opportunity to work in a new, mod- 
ern, well-equipped facility. Salaried with 


the Dartmouth-Hitchcock Clinic/Ran- 
= ‘dolph Outreach. Excellent benefits. 


Reply with CV to: 
Philip D. Levesque, President 
Gifford Medical Center 
- P.O. Box 2000 
~ Randolph, VT 05060 
(802) 728-4441, extension 2238 


OBSTETRICIAN- ‘i e 
GYNECOLOGIST y YNECOLOGIST 


ini ifi a gx Philadelphia Health Associates, an integral part 
Board Eligible/Board ; Certified OB i ues of Greater Atlantic Health Service and one of 
GYN to join four physician Department | the Delaware Valley's most successful managed 
waits : ; care companies, is currently seeking a full-time, 
in 48 physician fee for service multi- office-based BC/BE OB/GYN Physician in 
specialty group in a city of 70,000 lo- Poilaoe pnia; 
, We’ve built a comprehensive health care 
cated adjacent to the Rocky Moun- delivery network that includes well over 2,000 
tains. Large drawing area, outstand- physicians and specialists and more than 40 
P : : hospitals. What sets Greater Atlantic apart from 
ing variety of year-round recreational other HMOs is that the care we provide is not 
any oe just cost effective — it’s also of the highest 
lifestyle. Guaranteed minimum in taialits, and Ks responsive to hehecds ci oui 
come, malpractice, educational bene- members. And it’s extensive, covering virtually 
: every major medical specialty. 
fits and early partnership. For further m 
i We can offer you a highly competitive salary 
details please call or forward C.V. to: and benefits package, a predictable schedule 
l and much more. For immediate consideration, 
Robert J. McClure. M.D please forward your CV to: 
" 3J * * A 6 
— Greater Atlantic. 
. U. BOX Health Service 
Great Falls, Mt. 59403 Marcia Coleman, MD 


3550 Market Street, Philadelphia, PA 19104 
Equal Opportunity Employer M/F/V/H 


(406)-454-2171 





‘WHEN ARE YOU DUE? 


(For a Change) A 





For more information on these opportunities, contact Wade Christoffel, Fox Hill Associates, 
250 Regency Court, Waukesha, WI 53186. Call Toll Free: 1-800-338-7107 
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The Department of OB/GYN of Lehigk Valley Hespital, an 
830-bed tertiary care teaching hespital, is seekin 
additional full-time senior and junior clinical faculty ‘in: all 
subspecialties including gynecologic urology. Also 
seeking a Chief of the Section of Gynecology. The 
physicians’ roles will include consuttative patient care, 
medical leadership, program development, student and 
resident education and research as desired. The 
opportunity exists to customize the rcle to your particular 
career goals. Candidates should be board certified or ` 
active candidates for certification in their subspecialty. 


Lehigh Valley Hospital is a regional referral medical — 
.. center which serves as a clinical campus of Hahnemann 

University for student education and maintains a free- 

standing, fully-accredited OB/GYN residency program. 


Allentown, Pennsylvania is a cosmopolitan city, 60 miles 
north of Philadelphia and 80 miles west of New York City. 
The area has excellent school systems, nine colleges and 
universities and diverse cultural offerings. An excellent | 
compensation package has been designed to recruit . 
qualified candidates. Please send c.v. to: 


Carol Voorhees 
Vice President 
Tar pert Hospital 
„ 1243 S. Cedar 
LEH VALLEY” crest Boulevard 
oun 3120 
entown, PA 18103 
HOSPITAL or call (215) 402-3090 


Equal Opportunity Employer 








Board Eligible? 
Is daa ecliéciion a headache? 


ls report formatting giving you 
heartburn? 


GYRP! 


The Gynecologic Report Processor 
Software for. your IBM/Compatible PC 
from High Output tnc. 

+ Simplify the process of Hoard Reporting 

+ Save hundreds of hours ` 


è Have confidence that report formats have 
been reviewed and approved. g 









Ordering Information: 
Phone: (615) 395-7302 
Fax: (615) 395-7304 — 
Free demonstration diskette available! 
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Obstetrics/ 


Gynecology 


The joining of two proud traditions in Chicago means you 
can now practice medicine the way you've always wanted. 


„Benefit from the combin2d strengths of MICHAEL REESE’S 


century-long history of providing the highest quality care 
and services and HUMANA’S expanding national organiza- 
tional expertise and fiscal/management resources. 

You'll practice in the collegial environment of a multi-spe- 
cialty group setting with continuous access to premier 
teaching and research.opportunities and innovative medi- 
cal technologies. — a : 

Our growing network of 22 health centers and 

17 affiliated hospitals, conveniently located throughout 
the metropolitan area, cffers you the flexibility ta choose 


_ a schedule that accommodates your professional and life- 


style needs at an income level you set. 


| Create your own future by joining ours. Contact: 


Patrick Green, Medical Affairs 
HUMANA-MICHAEL REESE HMO 
2545 King Drive 

Chicago 60616 - 


_ or call 312.808.4551 


~ Humana-Michael Reese HMO 


an equal cpportunity employer m/f/h 


OBSTETRICS 
AND GYNECOLOGY 


An outstanding opportunity exists to 
join practice in a midwest city. This 
practice is affiliated with a major 
teaching medical center. The position 
offers outstanding professional, finan- 
cial and excellent lifestyle oppor- 


| tunities. For further information con- 


tact: | | 
Mariann Clark, 
Medical Search Consultant 
1200 Pleasant Street - 
Des Moines, lowa 50309 
or call 800-882-5911 
fax (515) 241-5994. 





SAN FRANCISCO BAY AREA 
GROUP PRACTICE 
1/4 CALL/COVERAGE. 


Live in an attractive area with world-class cul- 
tural and recreational amenities. Join a group 
that has provided care for over 35 years, and 
currently has a staff of 27 impressive physi- 
cians from America’s top schools. Picture 
_ yourself in a well-equipped and staffed office. 
Nine LDRs and modern hospital only 150 feet 
away on adjoining campus. Leadership role 
_ available as part of position. Competitive com- 
pensation package. Paid interviewing and re- 
location expenses. Send. your CV or call: 


FRANK ZANIN 
JACKSON AND COKER, INC. 
115 Perimeter Center Place 
Suite 380 12325 
Atlanta, GA 30346 


1-800-544-1987 


JACKSON 
ANDCOKER 


FACULTY POSITION 
GYNECOLOGIC ONCOLOGY 


The Department of Obstetrics, Gynecology and - 


Reproductive Sciences, University of Pittsburgh/ 
Magee-Womens Hospital, and the Pittsburgh 
Cancer Institute invite applications for a full-time 
faculty position in Gynecologic Oncology at the 
Assistant/Associate Professor level. Academic 
rank and salary will be commensurate with experi- 
ence and training. 


Applicants must be Board certified or Board qual- 
ified in Obstetrics and Gynecology and have com- 
pleted formal fellowship training in Gynecologic 
Oncology. Background and training in molecular 
biology is highly desired. 

Responsibilities include teaching, patient care, and 
research with development of a laboratory inves- 
tigative program. 

Applications should be submitted to: 


Richard L. Sweet, M.D. 
Professor and Chairman 
Department of Obstetrics, Gynecology and 
Reproductive Sciences 
Magee-Womens Hospital 
. 300 Halket Street 
Pittsburgh, PA 15238 
Telephone: (412) 641-4212 


The University of Pittsburgh is an equal opportu- 
nity/affirmative action employer.. 


MEDICAL CENTER OF DELAWARE 


CHAIRPERSON OF THE 
DEPARTMENT OF OBSTETRICS- 
GYNECOLOGY 


The Medical Center of Delaware, an 1100 
bed, tertiary care major teaching institution 
affiliated with Thomas Jefferson University, 
seeks a full-time chairperson of the Depart- 
ment of Obstetrics-Gynecology. Over 6,500 
deliveries and 34,000 procedures are per- 
formed annually. 


Candidates should have recognized clinical 
skills, administrative ability and experience in 
a department with a fully accredited Ob-Gyn 

_residency and active research programs. The 
successiul candidate will receive an aca- 
demic appointment commensurate with ex- 
perience at Jefferson Memorial College of the 
Thomas Jefferson University in Philadelphia, 
PA. : 


Please send curriculum vitae to: Garrett H.C. 
Colmorgen, M.D. Chairman, Search Commit- 
tee, c/o Patti Falkowski, CMSC, P. O. Box 
1668, Wilmington, DE 19899. . 


The Medical Center of Delaware is an affirma- 
tive action‘equal opportunity employer. 


OBSTETRICIAN/ 
GYNECOLOGIST 


Charming New England Community 
Challenging practice that admits to 
a tertiary teaching hospital with 
.a fully accredited OB/GYN 

— residency program 
Excellent compensation, benefits © 
_ and relocation incentive 
A 1-in-5 call schedule with 
predictable time off 


For more information, call Joanne Alderman, RN, MPH, 
Executive Assistant to the Medical Director at (800) 457-6145 
or send c.v, to: Medical West Associates, on Birnie Ave, Dept. 

OB, POSNE MA 01107. ; 


MEDICAL WEST 
ASSOCIATES 


_ ABLUE CROSS AND BLUE SHIELD HMO 





We are an equal opportunity/affirmative action employer. 
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OB/GYN | 
DEPARTMENT HEAD 


Modern 460 bed Catholic Regional Medical 
Center in the Baltimore area is searching for a 
board certified physician to be responsible for 
the administration and coordinat.on of the pro- 
fessional activities department of OB/GYN. 


The qualified candidate will have demonstrated _ 
an ability in the field of medical administration 
and will establish and maintain a small clinical 
practice. The candidate need not be a Peri- 
natologist, but it would be an asset. 


The hospital desires to increase its local stand- 
ing in OB/GYN. It currently delivers 2000 babies 
a’year, and has added two new LDR’s to the 
existing five to care for an additional 700-1000 
births. An early labor lounge/prenatal testing 
area is also included in the department. 


To explore your options, please submit your CV 
or call Torrie Spadafora at 1-809-489-3634, or - 
in St. Louis. 314-878-1450. 7? 


OB/GYN Practice Services 
55 West Port Piaza, Su te 700 
St. Louis, MO 63146 





FACULTY POSITION | 
- General Obstetrics & Gynecology 


The Department of Obstetrics & Gynecology 
at the Ohio State University College of Medicine 
is seeking a board-certified or board- 
eligible physician in General Obstetrics & 
Gynecology with specific expertise in 
urogynecology and pelvic surgery. 

This is a faculty position at.the rank of - 
Assistant to Associate Professor. 

An excellent opportunity exists for research. 
teaching and clinical practice. 


Send curriculum vitae and/or contact: 
Steven G. Gabbe, M.D. ,Professor and Chairman 
or 
Moon H. Kim, M.D., Professor and Vice-chairman 
Department of Obstetrics and Gynecology 
Ohio State University Hospitals 
505 Means Hall, 1654 Upham Drive 
Columbus, OH 43210 
Telephone: (614) 293-8697 


“The Ohio State University is an Equal Opportunity/ 


minorities, Vietnam-era Veterans, disabled 
veterans and the disabled are encouraged to apply." 
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DIRECTOR DIVISION 
GYNECOLOGIC ONCOLOGY 


The Department of Obstetrics, Gynecology and 
Reproductive Sciences, University of Pittsburgh/ 
Magee-Womens Hospital, and the Pittsburgh 
Cancer Institute invite applications for the position 
of Director, Division cf Gynecology Oncology with 
a full-time appointment at the Associate Professor/ 
Professor rank in the School of Medicine. 


Candidates must be board certified in Obstetrics 
and Gynecology and hold a certificate of special 
competence in Gynecologic Oncology from the 
American Board of Obstetrics and Gynecology, 
Inc. Salary is negotiable. 


Responsibilities include leadership and develop- 
ment of a division committed to excellence in re- 
search, teaching and patient care. Demonstrated — 
research productivity and excellent clinical skills 
are required. 


Applications should be submitted to: 


Richard L. Sweet, M.D. 
Professor and Chairman 
Department of Obstetrics, Gynecology and 
Reproductive Sciences 
Magee-\WVomens Hospital 
300 Halket Street 
Pittsburgh, PA 15238 
Telephone: (412) 641-4212 


The University of Pittsburgh is an equal opportu- 
nity/affirmative action employer. 





Explore a Career 
in Northern California 


The Permanente 
Medical Group, Inc. 


Physician Recruitment Services 


1814 Franklin, 4th FI., Dept. 19 
Oakland, CA 94612 
(800) 777-4912 
(510) 987-4949 
' EOE 


4 
WZ 
KAISER PERMANENTE 
Good People. Good Medicine. 


Visit our booths at ACOG’s Armed Forces District Meeting 
in Norfolk, VA and the Districts 8 and 9 Meeting in Kuai, HI. 





CHAIR-Department of — 
Obstetrics and Gynecology 
Ramsey Clinic | 
St. Paul-Ramsey Medical Center 


St. Paul-Ramsey Medical Center, a major affiliate of the Univer- 
sity of Minnesota, is inviting applications for the position of Chair 
for the Department of Obstetrics and Gynecology. St. Paul- 
Ramsey Medical Center is a 427-bed non-profit hospital located 
near the heart of downtown St. Paul. The physicians at the 
medical center are members of Ramsey Clinic, a 250-physician, 
multi-specialty group. 


The successful candidate must be board certified in obstetrics 
. and gynecology, possess the leadership ability to skillfully admin- 
ister the Department, and to lead faculty and residents in service, 
education and research. The potential for an integrated residency 
program is a goal shared by St. Paul-Ramsey Medical Center and 
the University of Minnesota. ; 


Candidates must qualify for appointment at the Professor or 
Associate Professor level at the University of Minnesota. Quali- 
fications for Professorship include a national reputationin research 
and evidence of leadership in candidate's professional field. 
Qualifications for Associate Professorship include professional 
distinction in research and writing, and demonstrated effective- 
ness in teaching and advising. Application deadline is December 
15, 1992. Kindly forward curriculum vitae to Paul Gleich, M.D., 
Chair, Search Committee, St. Paul-Ramsey Medical Center, 
640 Jackson Street, St. Paul, MN 55101-2595. 


St. Paul-Ramsey Medical Canter, Ramsey Clinic and the Univer- 
sity of Minnesota are equal opportunity educators and employers. 


RAMSEY | 


OBSTETRICIAN/ 
GYNECOLOGIST 
Nothern California 


Associate practice opportunity. Located north 
of San Francisco in Wine Country. Abundant 
recreational activities with California's largest 
natural lake as the center of focus. Lake 
County offers a relaxed and health family life- 
style ina smog free moderate climate. Agricul- 
ture, geothermal energy and gold mining are 
important local industries and recognition is 
also being achieved by the growing commu- 
nity of artists. 


Financial Assistance in establishing an OB- 
Gyn practice is welcomed and available. Send 
C.V. or call 


Margaret Ward 
Director of Human Resources 
Redbud Community Hospital 

P.O. Box 6720 

Clearlake, CA 95422 


Telephone: (707) 994-6486 
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Nobody does more to save our county's 
most valuable resources. 


We've always believed that tne earth's most precious 
resource is its people. And we've been committed to that 
cause since 1876. We're San Mateo County, located Just 
south of San Francisco. We're currently looking for motivated 
professionals to join our progressive interdisciplinary teams. 


If you're looking for a rewarding opportunity to help those 
who need It most, consider the following position: 
Nurse Practitioners (OB-GYN Clinic) 

Position available in San Mateo County General Hospital Out- 
patient Department and satellite clinics. (Pre- and post-natal 
care only; deliveries at Stanford University Medical Center.) 
Flexible hours, collaborative role with Physicians and clini- 
cally stimulating environment. Spanish speaking preferred. 


For further information or to set up an interview appointment, 
contact Susan Ferren at (415) 573-2367 or send your resume 
to: San Mateo County, Attn: Sue Ferren, Nurse Recruitment, 
222 W. 39th Ave., San Mateo, CA 94403. AAE/EOE. 


We never stop caring. 


SAN MATEO COUNTY 





Live In One of America’s 
Super Cities... 


Program expansion within the University of South Dakota 
School of Medicine’s Department of Obstetrics and, 
Gynecology necessitates the addition of BC/BE physicians 
in: gynecologic oncclogy, perinatology, reproductive 
endocrinology and urogynecology. Under construction is a 
state-of-the-art University Health Science Center. New on 
campus medical center facilities will house comprehensive 
inpatient and ambulatory services for Women’s and 
Children’s Hospital. Research endeavors are growing within 
our Department and ample resources are available. 


As Kiplinger’s Personal Finance Magazine recently stated, 
Sioux Falls is a “Super City” of 110,000 where opportunity 
knocks loud and the good things in life are close at hand. 


1 Sioux Falls features a strong economy, excellent schools and 
- numerous cultural and recreational activities in a family 


oriented, safe community. 


m 


Competitive financial package. Send 
Curriculum Vitae tc: R.H. Wiebe, M.D., 
Professor and Chairman, Department of 
Obstetrics and Gynecology, c/o Physician 
Placement Program, 1100 South Euclid 

Avenue; Sioux Falls, South Dakota KN 1, 
57117-5039 or call 800-468-3333 for University of South Dakota 
more information. School of Medicine 
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Generalist © 
Obstetrics/Gynecology 


The Department of OB/GYN of St. Elizabeth Hospi- 
tal Medical Center, a 660 bed teaching affiliate’ of 
The Northeastern Ohio Universities College of 
Medicine, is seeking a full-time clinical faculty mem- 

_ ber. Desire a BC/BE generalist interested in teaching 
and supervising residents and. medical students as 
well as participating in direct patient care in ambula- 
tory and hospital settings. The community offers a 
strong housing market, excellent educational 
resources, and abundant recreational facilities. 

Send C.V. to: Michael M. Makii, M.D., 
Chairman/Director of Education, OB/GYN, 
St. Elizabeth Hospital Medical Center, | 

1044 Belmont Ave., Youngstown, OH 44501. 
Or call (216) 746-2255 ext. 2766. 


An equal opportunity employer. | 


 Klizabeh 


HOSPITAL MEDICAL CENTER 
1044 Belmont Ave. e Youngstown, Ohio 


| Member of the Humility of Mary Health Care System . 


THE UNIVERSITY 
OF CHICAGO 


Faculty Position 


Full-time faculty position at the rank of Associate . 
Professor/Professor as the 


DIRECTOR 
OF THE SECTION OF GENETICS 


for the Department of Obstetrics and Gynecology at the 
University of Chicago Hospitals. Candidates need to be 
Board-certified (or an active candidate for Boards) in 
Obstetrics & Gynecology, and in Human Genetics. This 
is an Academic Track faculty position with opportunities 
to pursue basic molecular and/or clinical research in 
‘genetics. Section currently staffed by faculty including an 
M.D. geneticist, and two Ph.D.’s who direct'the © 
Molecular Genetics and Cytogenetics laboratories. 


Send curriculum vitae and the names of f references to: 


Arthur L. Herbst, M.D. 
Department of Obstetrics/Gynecology 
5841 S. Maryland Avenue/MC 2050 
Chicago, IL 60637 


THE UNIVERSITY 
OF CHICAGO ` 





An Affirmative Action Equal Opportunity Employer 
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OBSTETRICIAN 
GYNECOLOGIST 
| UNIVERSITY OF CONNECTICUT 


Board certified or Board eligible general 
obstetrician-gynecologist for academi- 
cally oriented University faculty position. 
Excellent opportunity to teach residents 
and medical students, ‘care for patients, 
become involved in academic research 


' initiatives and -develop administrative 
‘skills. 


Write or call: 


-Jack N. Blechner, M.D., Chairman 
(203) 679-2856 

FAX (203) 679-1286 
Department of Obstetrics and 
Gynecology MC1230 

School of Medicine 

University of Connecticut 
Farmington, CT 06030 





GYNECOLOGIC 
` ONCOLOGIST 


The Department of Ob/Gyn at the University 
of Massachusetts Medical School seeks a 
third Gyn Oncologist. Applicants should be 
board eligible or certified in Ob/Gyn and Gyn | 
Oncology and must be eligible for Mas- 
sachusetts licensure. The division is active in 
clinical research and maintains a research 
laboratory. A broad range of opportunities 
exist for additional collaboration in basic re- 


search. Candidates must have an interest in 


teaching students and residents. Academic 
rank and salary will be based on experience. 
UMMC is an AA/EOE employer. Interested 
candidates should send a curriculum vitae 


'- and letter to: 


= Kenneth L. Noller, MD & Chairman 
_ 55 Lake Avenue North 
Worcester, MA 01655 





FACULTY OPENINGS 
IN l 
OBSTETRICS & GYNECOLOGY 
FOR 
GENERALISTS 


Full time faculty positions at the University of 
South Alabama, Department of Obstetrics & 
_ Gynecology. Excellent opportunity for teach- 
ing, research and clinical service. Individuals 
must be board eligible or certified in Specialty. 
The academic rank and salary will be depen- 
dent upon the training and experience of the 


applicant. These positions are available im- 
mediately. 


Please contact: 


lan H. Thorneycroft, Ph.D., M.D. 
Professor and Chairman 
Department of Ob-Gyn 
University of South Alabama 

` College of Medicine 
2451 Fillingim Street 
Mobile, Alabama 36617 
(205) 470-5815 


University of South Alabama — 
is an Equal Opportunity Employer | 








ASSISTANT PROFESSOR 
IMMUNOLOGY 


Candidate must possess a Ph.D. in immunology 
and satisfactory completion of post-doctoral train- 
ing. Interested and proven record in research in 
immunology of pregnancy is highly desired. 


Responsibilities include the supervision of the Preg- 
nancy Immunology Laboratory, resident and stu- 
dent teaching, collaboration with current Investiga- 
tors and research development. 


interested candidates should contact: 


Michael R. Caúdie, M.D. 
Professor and Chairman 
Department of Obstetrics and Gynecology 
The University of Tennessee 
Medical Center — Knoxville 
1924 Alcoa Highway 
Knoxville, Tennessee 37920 
' (615) 544-9291 


THE UNIVERSITY OF TENNESSEE 
Medical Center at Knoxville 





EEO/AA/Titile [IX/Section 504/ADA Employer 
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è Resident and Student Education 
| e Basic and/or Clinical Research 
d e Board Certified or Active Candidate for Certification 
oy in Obstetrics and G ecolo 


eee any 
a 5: Gariaden Vitae sould be seu to: 
S Frank W. Ling, M.D. 

Associate Professor and Director 
Division of Gynecology 
Department of Obsictrics & Gynecology 
University of Tennessee, Memphis 
853 Jefferson Avenue, Room E-102 
Memphis, Tennessee 38103 
901-577-4775 


The Department of Obstetrics and Gynecology at 
the Washington Hospital Center, is looking for a 
Director of Perinatology for it's Division of Fetal- 
Maternal Medicine. 


The Washington Hopital Center is a 907 bed teach- 
ing hospital with 16 residents in the Department 
of Obstetrics and Gynecology. Currently the De- 
partment of Obstetrics delivers approximately 3000 


‘babies yearly. The incidence of high risk pregnan- 
` cies is approximately 30%, and the low-birth weight 


rate is approximately 13%. 


A new Women’s Services program is developing 
and plans for an exciting new facility are in prog- 
ress, 


We are interested in receiving applications from 
qualified Periantologists who have completed an 
approved Fellowship in Fetal-Maternal Medicine. 
Salary is commensurate with qualifications and ex- 
perience. 


Please send a Curriculum Vitae to Phillip J. Golds- 
tein, M.D., Chairman of the Department of Obstet- 
rics and Gynecology, 110 Irving Street, NW, Room 


5B-63, Washington, D.C. 20010. 
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Send C.V. to: 


PERINATOLOGIST | 
Perinatologist sought to develop a program 
of research in maternal-fetal medicine. The 
‘successful applicant will be primarily respon- 
sible for initiating research in both basic sci- 
ence and in clinical and epidemiologic as- 
pects of maternal-fetal medicine in a univer- 
sity-based .department of Obstetrics and ' 
Gynecology. The position is supported by two 
full-time faculty members in. the division of 
maternal-fetal medicine that provide a strong 
foundation in clinical care and regional out- 
reach. Deadline for applications is January 
31, 1993. | 


Search Committee — 
c/o Millard Simmons, M.D. 
Chief, Division of Maternal-Fetal Medicine 
4601 HSN 
West Virginia University School of Medicine 
Health Sciences Cen-er 
Morgantown, West Virginia 26506-9186 


West Virginia University is an Ecual Opportu- 
nity/Affirmative Action Institution: 


The Chairperson will provide for further dynamic growth in a 
department which has a long-standing commitment to women's 
health care, as evidenced by its innovative Contemporary Care 
Center and its international reputation with Doppler ultrasound 
screening, Responsibilities idid directing active inpatient and 
ambulatory services, stimulating ongoing research programs, 
enhancing relationships with a large voluntary staff, and super- 
vising a well-established and independent residency program, as 
well as undergraduate and continuing medical education pro- 

s. The hospital is situated on Long Island, approximately 
30 minutes to either Manhattan or the seashare. 


Candidates may send their curriculum vitae to: John F. Aloia, 
MD, Director of Academic and Clinical Affairs, Winthrop- 
University Hospital, 259 First Street, Mineola, LL, NY 11501 

An Equal Opportunity Employer M/F/D/V . > 
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-UNIVERSITY OF 
MICHIGAN MEDICAL 
CENTER 


The Deparment of Obstetrics and 
Gynecology at the University of Michigan 
Medical Center is seeking two board cer- 
tified or eligible obstetricians/gynecolo- 
gists to-serve as clinical track faculty 
members providing primarily obstetrical 
patient care. Salary and rank will be com- 
mensurate with the candidates’ training 
and experience. Please direct inquiries 
and curriculum vitae to: 


Rudi Ansbacher, M.D., M.S. 
Professor and Interim Chair 
Department of Obstetrics and 

_. Gynecology 
The University of Michigan 
Medical Center 
Medical Professional Building 
_ D2202/0718 
1500 E. Medical Center Drive 
Ann Arbor, MI 48109-0718 


The University of Michigan is an affirmative action/ 
equal opportunity employer. Codes 30 and 56. 


NA Tear Rook | 





























Provide vital information 


to those who need it most... 


with article reprints from 
Mosby-Year Book periodicals 


Article reprints are your best means of distributing the 
information published in Mosby-Year Book's medical, dental, 
and nursing periodicals. These papers will enhance the value 
of your information programs. 


Not just for authors, reprints are an effective tool for health 
care professionals, sales and marketing staffs, and advertisers. 


Use reprints to: 
* Train and educate your sales and marketing staff 
e Support your seminar topic 
e inform your health care staff of new developmenis 
+ Reach your product users with vital information 


Article reprints. ..another valuable service from 
Mosby-Year Book. 


Orders (minimum of 100 copies) of all previous and future 
articles in Mosby~Year Book periodicals are availabie from 
the Publisher. 


For more information, contact: 


Mosby--Year Book, Inc. (344) 872-8370 

Atin: Journal Reprint Dept. in the U.S., call toll-free: 
11830 Westline Industrial! Dr. 4-800-325-4177 

St. Louls, MO 63146 U.S.A. Fax: 314-432-4380 





Atlas of 
GYNECOLOGIC 
SURGERY 


State-of-the-art sources that 


sharpen your clinical skills! 


ee 
ATLAS OF GYNECOLOGIC 
SURGERY 


A master surgeon at the Mayo Clinic 
describes proven-successful approaches 
used in common gynecologic surgical 
procedures. Superb surgical illustrations 
enable you to duplicate every technique in 
your own practice. 

By Raymond A. Lee, MD. August 1992. 367 pp. 629 ills. 


$80.00. Order #W3358-7. 
aN 
SN 


m 

Buchsbaum & Schmidt Ese 
GYNECOLOGIC AND 
OBSTETRIC UROLOGY, 
3rd Edition 


Today’s most reliable guidelines for 
managing incontinence, interstitial cystitis, 
and urinary infections! 70 experts discuss 
every major problem — voiding dysfunction, 
effects of pregnancy on the urinary tract, 
hysterectomy for benign and malignant 
disease, more. 

Edited by the late Herbert J. Buchsbaum, MD; and 
Joseph D. Schmidt, MD. With 68 contributors. October 
1992. Over 750 pp. Over 355 ills. $125.00. Order 
#W3051-0. 

s E 
Hacker & Moore it 


ESSENTIALS OF OBSTETRICS 
AND GYNECOLOGY, 
2nd Edition 


Extensively revised. Well illustrated 
coverage of concepts, procedures, and 
practices. Examines today’s “hot topics” — 


W.B. SAUNDERS COMPANY 


Harcourt Brace Jovanovich, Inc. 





















drug abuse in pregnancy, AIDS, ethics, 2 
ectopic pregnancy, and more. “Crisp Plauché, Morrison & O'Sullivan 
and pragmatic.” (New England Journal SURGICAL OBSTETRICS 


of Medicine, review of the last edition) 
Edited by Neville F. Hacker, MBBS; and J. 
George Moore, MD. With 52 contributors. June 
1992. 697 pp. 271 figs. 173 tables. Soft cover. 
$32.95. Order #W3668-3. 


State-of-the-art review of new operative 
techniques that reduce risk for both mother and 
fetus. 23 experts describe and critique virtually 
all procedures related to pregnancy and fetal 





en surgery to help you select those most 
À eae appropriate for your patients. 
Simpson & Golbus aie Edited by Warren C. Plauché, MD; John C. Morrison, 
GENETICS IN OBSTETRICS MD; and Mary Jo O'Sullivan, MD. With 20 contributors. 
1992. 528 pp. 450 figs. 106 tables. $85.00. Order #W3049-9. 
& GYNECOLOGY, 
2nd Edition 


Written expressly for obstetrician- 
gynecologists. Reviews the breadth of 
reproductive genetics. Features 
thorough coverage of procedures for 
prenatal diagnosis of genetic disorders. 
Edited by Joe Leigh Simpson, MD; and Mitchell 
S. Golbus, MD. August 1992. Over 365 pp. Illustd. 
$50.00. Order #W3510-5. 


65 CALL TOLL-FREE 
1-800-545-2522 
8:30-7:00 Eastern Time to Order! 


(In Fla., call 1-800-433-0001 ) 
Be sure to mention DM#19654. 


or Fax your order FREE 1-800-874-6418 


y "WB. SAUNDERS COMPANY = 


[> YES! Please send my copy of the book(s) checked below. If not 
completely satisfied, | may return the book(s) with the invoice within 30 
days at no further obligation. | am returning this order form to: 
W.B. SAUNDERS COMPANY, Order Fulfillment Department, 6277 
Sea Harbor Drive, Orlando, Florida 32887. 

C} W3358-7 Lee $80.00 []W3510-5 Simpson & Golbus 2nd Ed. 

C W3051-0 Buchsbaum & Schmidt, 3rd Ed. $125.00 $50.00 

C] W3668-3 Hacker & Moore, 2nd Ed. $32.95 C] W3049-9 Plauche et al. $85.00 

Also send: [] W3154-1 Dorland’s ILLUSTRATED MEDICAL DICTIONARY, 27th Ed. $39.95 


[] Bill me later [C] Check enclosed C] VISA [C] MC [ ] AmEx 


a eee eee oe ee eee ee 


Add the applicable sales tax for your area. Prepaid orders save shipping. Make checks payable to 
W.B. SAUNDERS COMPANY. Staple this to your purchase order to expedite delivery. 


Name 
Address 


City State 


©W.B. SAUNDERS COMPANY 1992. Professional references may be tax-decuctible. 
Offer valid in USA only. Prices subject to change without notice. 











Zip _ 
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The Osler Institute 


Obstetrics and Gynecology Review Course 


October 5-10 — Nashville 


tNov. 30-Dec. 5 — Chicago 


March 29-April 4, 1993 — San Francisco 


Your course for exams with practice tests and case-list reviews 


OBJECTIVES 


® Increase basic knowledge and clinical skills in ob-gyn 
® Assist residents and fellows to organize their study 
è Prepare candidates to take their examinations 


® Provide practicing gynecologists with an update 





Clinical Science 


Surgical Anatomy 
Embryology 
Radiology 
Genetics 
Teratology 
Anesthesiology 
Antibiotics 


Pathology 
Vulva and Vagina 
Cervix and Uterus 
Ovary and Placenta 
Breast 


Benign Gynecology 


Infectious Diseases 
Urinary Retention 
Urinary Incontinence 
Pediatric Gynecology 
Sexual Assault 
Ectopic Pregnancy 
Endometriosis 


Oncology 
Chemotherapy 
Vulva and Vagina 
Cervix and Uterus 
Ovary 
Trophoblast 
Breast 


Name 


Reproductive Endo. 


Contraception 
Infertility 

Amenorrhea 

Abnormal Bleeding 
Androgen and Prolactin 
Menopause 


METHODS 


e HOME STUDY MATERIALS with questions and answers 
® SEMINAR with projection slides and lecture-note syllabus 
® LABORATORY with microscope and glass slides 

® PRACTICE EXAMS for your written and oral exams 


¥Plus extra mock oral days December 6-8. 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities, but from people who are relatively unknown as well."* 


Karen Ireland, M.D. + 
Oregon Health Science Univ. 


Conley Lacey, M.D. ¢ 
Scripps Clinic, San Diego 
Michael Lawlor, D.O. + 
Wayne State University 


Curtis Lowery, M.D. t + 
University of Arkansas 





Maternal and Fetal Med. Victoria Maclin, M.D. + 
Pharmacology Rush Medical College 

i David Plourd, M.D. + + 
es i Santa Clara Valley Med. Ctr. 
Hematology Sandra Retzky, D.O. + + 


Rush Medical College 
Joseph Sanfilippo, M.D. + 


University of Louisville 


Antepartum Testing 
Premature Labor 


Thomas Adamec, M.D. $ Robert Scully, M.D. + 
Univ. of Tennessee, Memphis Harvard University 
Steve Ambrose, M.D. + + Dov Schuchman, M.D, 4 
Rush Medical College Henry Ford Medical Center 
Guy Benrubi, M.D. + Douglas Shanklin, M.D. + 
University of Florida Univ. of Tennessee, Memphis 
Eric Bieber, M.D. + Joel Sorosky, M.D. + 
University of Chicago Penn State University 
Peter Cherouny, M.D. t Richard Stein, M.D. + 
University of Vermont Vanderbilt University 
John Downing, M.D. + Kutay Taysi. M.D 
Vanderbilt University St. Johns Meny. St. ide 
Phillip Galle, M.D. ț Richard Voet, M.D. + 
Southern Illinois University Univ. of Texas Pirthi MEN 
Mai Sees, ind Wendell Wall, M.D. + $ 
a eae University of North Dakota 
Edward Hill, M.D. ++. Stan Williams, M.D. + $ 
University of California University of Florida 
William Holls, M.D. + t Nashville course faculty 


Univ. of Tennessee, Memphis $ Chicago course faculty 





City/State/Zip 
Phone 


Mail today to: 


1094 East Dawn Drive, Dept. 210 


| Address 


P.O. Box 2218 
Terre Haute, IN 47802 











For LJ) October 5-10, 1992 — Nashville 
C] Nov. 30-Dec. 5, 1992 — Chicago 


C] Check enclosed for $ 
C] Please send FREE SAMPLE 





C] Mar. 29-Apr. 4, 93 — San Francisco 





"The course was extremely helpful to me.'* 


COURSES: Fall courses are more clinically 
oriented. The course includes lectures with 
syllabus as well as an opportunity for you to 
buy an unlimited number of 25-minute, one- 
on-one sessions with faculty to review your 
case lists or perform mock oral exams. Each 
optional extra day, December 6-8, includes a 
pathology laboratory session, and one mock 
oral exam and observation of seven or more 
hours of other exams. Past participants rec- 
ommend repeating the course for half price 
immediately before exams. 


"Accommodations were comfortable....'"* 


LOCATION: The Nashville course will be 
at the Sheraton Music City: $132 fora single 
and $167 for a double. The Chicago course 
will be at the Lisle/Naperville Hilton — 20 
miles southwest of O’Hare Airport: $85 fora 
Single and $110 for a double. 


" „and those little ectras....'"* 


DISCOUNT AIR FARES: Please call toll- 
free (800) 356-7537 for group discounts. 


"the most education for the money.'* 
FEES FOR CATEGORY 1 HOURS: 


® Practicing Gynecologist: $810 
® Resident or Fellow: $540 
© Repeating course within 2 years: $405 
® Optional extra days, December 6-8 

(per day fee): $180 


® Add 10% within 10 days of the course. 
© Not in course hotel package add $25 per day. 
® A deposit of $50 will reserve your position. 


"home study material was extremely helpful. "* 


"remarkably complete and pleasant.""* 


INFORMATION: 


Joseph H. Selliken, Jr., M.D. 
The Osler Institute 
1094 East Dawn Drive, P.O. Box 2218 
Terre Haute, IN 47802 


(800) 356-7537 or (812) 299-5658 


21- and 28-day regimens 





ORTHO-NOVUM 777. 


norethindrone/ethinyl estradiol 


Each white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol. Each light peach tablet 
contains 0.75 mg norethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg noreth- 
indrone and 0.035 mg ethinyl estradiol. Each green tablet in 28-day regimen contains inert ingredients. 


IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 

rovided with the product and therefore should not be used as the basis for prescribing the product. 

summary was prepared by deleting from the complete prescribing information certain text, tables 

and references. The physician should be thoroughly familiar with the complete prescribing information 
before prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

CONTRAINDICATIONS: Oral contraceptives should not be used in women who currently have the following 
conditions: 1. Thrombophlebitis or thromboembolic disorders. 2. A past history of deep vein thrombophle- 
bitis or thromboembolic disorders. 3. Cerebral vascular or coronary artery disease.4. Known or suspected 
carcinoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estrogen-depen- 
dent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7 Cholestatic jaundice of pregnancy or jaundice 
with prior pill use. 8. Hepatic adenomas or carcinomas. 9. Known or suspected pregnancy. 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contracep- 
tive use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and 
is quite marked in women over 35 years of age. Women who use oral contraceptives should be 
strongly advised not to smoke. 
















The use of oral contraceptives is associated with increased risks of several serious conditions including 
myocardial infarction, thromboembolism, stroke, hepatic neoplasia, and gallbladder disease, although the 
risk of serious morbidity or mortality is very small in healthy women without underlying risk factors. The 
risk of morbidity and mortality increases significantly in the ae ate of other underlying risk factors such 
as hypertension, hyperlipidemias, obesity and diabetes. Practitioners poena oral contraceptives 
should be familiar with the following information relating to these risks. The information contained in this 
brief summary is principally based on studies carried out in patients who used oral contraceptives with 
higher formulations of estrogens and progestogens than those in common use today. The effect of long 
term use of the oral contraceptives with lower formulations of both estrogens and progestogens remains 
to be determined. Throughout this brief summary epidemiological studies reported are of two types: 
retrospective or case control studies and prospective or cohort studies. Case control studies provide a 
measure of the relative risk of a disease, namely a ratio of the incidence of a disease among oral contra- 
ceptive users to that among nonusers. The relative risk does not provide information on the actual clinical 
occurrence of a disease. Cohort studies provide a measure of attributable risk, which is the difference in 
the incidence of disease between oral contraceptive users and nonusers. The attributable risk does pro- 
vide information about the actual occurrence of a disease in the population. For further information, the 
reader is referred to a text on epidemiological methods. 1. THROMBOEMBOLIC DISORDERS AND OTHER 
VASCULAR PROBLEMS. a. Myocardial Infarction. An increased risk of myocardial infarction has been 
associated with oral contraceptive use. This risk is primarily in smokers or women with other underlying 
risk factors for coronary artery disease such as hypertension, hypercholesterolemia, morbid obesity, and 
diabetes. The relative risk of heart attack for current oral contraceptive users has been estimated to be two 
to six. The risk is very low under the age of 30. Smoking in combination with oral contraceptive use has 
been shown to contribute substantially to the incidence of myocardial infarctions in women in their 
mid-thirties or older with smoking accounting for the majority of excess cases. Mortality rates associated 
with circulatory disease have been shown to increase substantially in smokers, especially in those 35 
years of age and older among women who use oral contraceptives. Oral contraceptives may compound the 
effects of well-known risk factors, such as hypertension, diabetes, hyperlipidemias, age and obesity. In 
particular, some progestogens are known to decrease HDL cholesterol and cause glucose intolerance, 
while estrogens may create a state of hyperinsulinism. Oral contraceptives have been shown to increase 
blood pressure among users (see section 9 in WARNINGS). Similar effects on risk factors have been 
associated with an increased risk of heart disease. Oral contraceptives must be used with caution in 
women with cardiovascular disease risk factors. b. Thromboembolism. An increased risk of thromboem- 
bolic and thrombotic disease associated with the use of oral contraceptives is well established. Case 
control studies have found the relative risk of users compared to non-users to be 3 for the first episode of 
superficial venous thrombosis, 4 to 11 for deep vein thrombosis or pulmonary embolism, and 1.5 to 6 for 
women with predisposing conditions for venous thromboembolic disease. Cohort studies have shown the 
relative risk to be somewhat lower, about 3 for new cases and about 4.5 for new cases requiring hospital- 
ization. The risk of thromboembolic disease associated with oral contraceptives is not related to length of 
use and disappears after pill use is stopped. A two- to four-fold increase in relative risk of post-operative 
thromboembolic complications has been reported with the use of oral contraceptives. The relative risk of 
venous thrombosis in women who have predisposing conditions is twice that of women without such 
medical conditions. If feasible, oral contraceptives should be discontinued at least four weeks prior to and 
for two weeks after elective surgery of a type associated with an increase in risk of thromboembolism and 
during and following prolonged immobilization. Since the immediate postpartum period is also associated 
with an increased risk of thromboembolism, oral contraceptives should be started no earlier than four 
weeks after delivery in women who elect not to breast feed. c. Cerebrovascular diseases, Oral contracep- 
tives have been shown to increase both the relative and attributable risks of cerebrovascular events 
(thrombotic and hemorrhagic strokes), although, in general, the risk is greatest among older (>35 years), 
hypertensive women who also smoke. Hypertension was found to be a risk factor for both users and 
non-users, for both types of strokes, and smoking interacted to increase the risk of stroke. In a large study, 
the relative risk of thrombotic strokes has been shown to range from 3 for normotensive users to 14 for 
users with severe hypertension. The relative risk of hemorrhagic stroke is reported to be 1.2 for non- 
smokers who used oral contraceptives, 2.6 for smokers who did not use oral contraceptives, 76 for 
smokers who used oral contraceptives, 1.8 for normotensive users and 25.7 for users with severe hyper- 
tension. The attributable risk is also greater in older women. d. Dose-related risk of vascular disease from 
oral contraceptives. A positive association has been observed between the amount of estrogen and 
‘ah seal in oral contraceptives and the risk of vascular disease. A decline in serum high density 
ipoproteins (HDL) has been reported with many progestational agents. A decline in serum high density 
lipoproteins has been associated with an increased incidence of ischemic heart disease. Because estro- 
gens increase HDL cholesterol, the net effect of an oral contraceptive depends on a balance achieved 
between doses of estrogen and progestogen and the activity of the progestogen used in the contraceptive. 
The activity and amount of both hormones should be considered in the choice of an oral contraceptive. 
Minimizing exposure to estrogen and progestogen is in keeping with good principles of therapeutics. For 
any narticular estrogen/progestogen combination, the dosage regimen prescribed should be one which 
cont ins the least amount of estrogen and progestogen that is compatible with a low failure rate and the 
neec._ of the individual patient. New acceptors of oral contraceptive agents should be started on prepara- 
tions containing 0.035 mg or less of estrogen. e. Persistence of risk of vascular disease. There are two 
studi. s which have shown persistence of risk of vascular disease for ever-users of oral contraceptives. In a 
study .1 the United States, the risk of ie a y aaa infarction after discontinuing oral contracep- 
tives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or 
more years, but this increased risk was not demonstrated in other age ny In another study in Great 
Britain, the risk of developing cerebrovascular disease persisted for at least 6 years after discontinuation 
of oral contraceptives, although excess risk was very small. However, both studies were performed with 
oral contraceptive formulations containing 50 micrograms or higher of estrogens. 2. ESTIMATES OF 
MORTALITY FROM CONTRACEPTIVE USE. One study gathered data from a variety of sources which have 
estimated the mortality rate associated with different methods of contraception at different ages. These 
estimates include the combined risk of death associated with contraceptive methods plus the risk attribu- 
table to pregnancy in the event of method failure. Each method of contraception has its specific benefits 
and risks. The study concluded that with the exception of oral contraceptive users 35 and older who smoke 
and 40 and older who do not smoke, mortality associated with all methods of birth control is low and 
below that associated with childbirth. The observation of an increase in risk of mortality with age for oral 
contraceptive users is based on data gathered in the 1970's. Current clinical recommendation involves the 
use of lower estrogen dose formulations and a careful consideration of risk factors. In 1989, the Fertility 
and Maternal Health Drugs Advisory Committee was asked to review the use of oral contraceptives in 
women 40 years of age and over. The Committee concluded that although cardiovascular disease risks 
may be increased with oral contraceptive use after age 40 in healthy non-smoking women (even with the 
newer low-dose formulations), there are also greater potential health risks associated with pregnancy in 
older women and with the alternative surgical and medical procedures which may be necessary if such 
women do not have access to effective and acceptable means of contraception. The Committee recom- 
mended that the benefits of low-dose oral contraceptive use by healthy non-smoking women over 40 may 


outweigh the possible risks. Of course, older women, as all women who take oral contraceptives, should 
take an oral contraceptive which contains the least amount of estrogen and progestogen that is compati- 
ble with a low failure rate and individual patient needs. 3. CARCINOMA OF THE REPRODUCTIVE ORGANS. 
Numerous epidemiological studies have been performed on the incidence of breast, endometrial, ovarian 
and cervical cancer in women using oral contraceptives. While there are conflicting reports most studies 
suggest that use of oral contraceptives is not associated with an overall increase in the risk of developing 
breast cancer. Some studies have reported an increased relative risk of developing breast cancer, particu- 
larly at a younger age. This increased relative risk appears to be related to duration of use. Some studies 
suggest that oral contraceptive use has been associated with an increase in the risk of cervical intraepith- 
elial neoplasia in some populations of women. However, there continues to be controversy about the 
extent to which such findings may be due to differences in sexual behavior and other factors. 4. HEPATIC 
NEOPLASIA. Benign hepatic adenomas are associated with oral contraceptive use, although the incidence 
of benign tumors is rare in the United States. Indirect calculations have estimated the attributable risk to 
be in the raai of 3.3 cases/100,000 for users, a risk that increases after four or more years of use 
especially with oral contraceptives of higher dose. ag rr of benign, hepatic adenomas may cause death 
through intra-abdominal hemorrhage. Studies from Britain have shown an increased risk of developing 
hepatocellular carcinoma in long-term i years) oral contraceptive users. However, these cancers are 
rare in the US. and the attributable risk (the excess incidence) of liver cancers in oral contraceptive users 
approaches less than one per million users. 5. OCULAR LESIONS. There have been clinical case reports of 
retinal thrombosis associated with the use of oral contraceptives. Oral contraceptives should be discon- 
tinued if there is unexplained partial or complete loss of vision; onset of proptosis or diplopia, papille- 
dema, or retinal vascular lesions. Appropriate diagnostic and therapeutic measures should be undertaken 
immediately. 6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY. Extensive epidem- 
iological studies have revealed no increased risk of birth defects in women who have used oral contracep- 
tives prior to pregnancy. The majority of recent studies also do not indicate a teratogenic effect, 
particularly in so far as cardiac anomalies and limb reduction defects are concerned, when taken inadver- 
tently during early pregnancy. The administration of oral contraceptives to induce withdrawal bleeding 
should not be used as a test for pregnancy. Oral contraceptives should not be used during pregnancy to 
treat threatened or habitual abortion. It is recommended that for any patient who has missed two consec- 
utive periods pregnancy should be ruled out before continuing oral contraceptive use. If the patient has not 
adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the 
first missed pos Oral contraceptive use should be discontinued until pregnancy is ruled out. 7. GALL- 
BLADDER DISEASE. Earlier studies have reported an increased lifetime relative risk of gallbladder surgery 
in users of oral contraceptives and estrogens. More recent studies, however, have shown that the relative 
risk of developing gallbladder disease among oral contraceptive users may be minimal. The recent findings 
of minimal risk may be related to the use of oral contraceptive formulations containing lower hormonal 
doses of estrogens and progestogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contra- 
ceptives have been shown to cause a decrease in glucose tolerance in a significant percentage of users. 
This effect has been shown to be directly related to estrogen dose. Progestogens increase insulin secre- 
tion and create insulin resistance, this effect varying with different phe smog agents. However, in the 
non-diabetic woman, oral contraceptives appear to have no effect on fasting blood glucose. Because of 
these demonstrated effects prediabetic and diabetic women in particular should be carefully monitored 
while taking oral contraceptives. A small proportion of women will have persistent hypertriglyceridemia 
while on the pill. As discussed earlier (see WARNINGS 1a and 1d), changes in serum triglycerides and 
lipoprotein levels have been reported in oral contraceptive users. 9. ELEVATED BLOOD PRESSURE. An 
increase in blood pressure has been reported in women taking oral contraceptives, and this increase is 
more likely in older oral conttaceptive users and with extended duration of use. Data from the Royal 
College of General Practitioners and subsequent randomized trials have shown that the incidence of 
hypertension increases with increasing progestational activity. Women with a history of hypertension or 
hypertension-related diseases, or renal disease, should be encouraged to use another method of contra- 
ception. If women elect to use oral contraceptives, they should be monitored closely and if significant 
elevation of blood pressure occurs, oral contraceptives should be discontinued. For most women, elevated 
blood pressure will return to normal after stopping oral contraceptives, and there is no difference in the 
occurrence of hypertension between former and never users. 10. HEADACHE. The onset or exacerbation of 
migraine or development of headache with a new pattern which is recurrent, persistent or severe requires 
discontinuation of oral contraceptives and evaluation of the cause. 11. BLEEDING IRREGULARITIES. 
Breakthrough bleeding and spotting are sometimes encountered in patients on oral contraceptives, espe- 
cially during the first three months of use. Non-hormonal causes should be considered and adequate 
diagnostic measures taken to rule out malignancy or pregnancy in the event of breakthrough bleeding as in 
the case of any abnormal vaginal bleeding. If pathology has been excluded, time or a change to another 
formulation may solve the problem. In the event of amenorrhea, pregnancy should be ruled out. Some 
women may encounter post-pill amenorrhea or oligomenorrhea, especially when such a condition was 
preexistent. 12. ECTOPIC PREGNANCY. Ectopic as well as intrauterine pregnancy may occur in contracep- 
tive failures. PRECAUTIONS: 1. PHYSICAL EXAMINATION AND FOLLOW UP A complete medical history and 
physical examination should be taken prior to the initiation or reinstitution of oral contraceptives and at 
least annually during use of oral contraceptives. These physical examinations should include special 
reference to blood pressure, breasts, abdomen and pelvic organs, including cervical cytology, and relevant 
laboratory tests. In case of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate 
diagnostic measures should be conducted to rule out malignancy. Women with a strong family history of 
breast cancer or who have breast nodules should be monitored with particular care. 2. LIPID DISORDERS. 
Women who are being treated for hyperlipidemias should be followed closely if they elect to use oral 
contraceptives. Some progestogens may elevate LDL levels and may render the control of hyperlipidemias 
more difficult. 3. LIVER FUNCTION. If jaundice develops in any woman receiving such drugs, the medica- 
tion should be discontinued. Steroid hormones may be poorly metabolized in patients with impaired liver 
function.4. FLUID RETENTION. Ora! contraceptives may cause some degree of fluid retention. They should 
be prescribed with caution, and only with careful monitoring, in patients with conditions which might be 
aggravated by fluid retention. 5. EMOTIONAL DISORDERS. Women with a history of depression should be 
carefully observed and the drug discontinued if depression recurs to a serious degree. 6. CONTACT 
LENSES. Contact lens wearers who develop visual changes or changes in lens tolerance should be 
assessed by an ophthalmologist. 7 DRUG INTERACTIONS. Reduced efficacy and increased incidence of 
breakthrough bleeding and menstrual irregularities have been associated with concomitant use of rifam- 
pin. A similar association, though less marked, has been suggested with barbiturates, phenylbutazone, 
phenytoin sodium, and possibly with griseofulvin, ampicillin and tetracyclines. 8 INTERACTIONS WITH 
LABORATORY TESTS. Certain endocrine and liver function tests and blood components may be affected 
by oral contraceptives: a. Increased prothrombin and factors VII, Vill, IX, and X; decreased antithrombin 3, 
increased norepinephrine-induced platelet aggregability. b. Increased thyroid binding globulin (TBG) lead- 
ing to increased circulating total thyroid hormone, as measured by protein-bound iodine (PBI), T4 "y 
column or by radio-immunoassay. Free T3 resin uptake is decreased, reflecting the elevated TBG, free T4 
concentration is unaltered. c. Other binding proteins may be elevated in serum. d. Sex-binding globulins are 
increased and result in elevated levels of total circulating sex steroids and corticoids, however, free or 
biologically active levels remain unchanged. e. Triglycerides may be increased. f. Glucose tolerance may be 
decreased. g. Serum folate levels may be depressed by oral contraceptive therapy. This may be of clinical 
significance if a woman becomes pregnant shortly after discontinuing oral cbr the 9. CARCINO- 
GENESIS. See WARNINGS section. 10. PREGNANCY. Pregnancy Category X. See CONTRAINDICATIONS and 
WARNINGS sections. 11. NURSING MOTHERS. Small amounts of oral contraceptive steroids have been 
identified in the milk of nursing mothers and a few adverse effects on the child have been reported, 
including jaundice and breast enlargement. In addition, oral contraceptives given in the postpartum period 
may interfere with lactation by decreasing the quantity and quality of breast milk. If possible, the nursing 
mother should be advised not to use oral contraceptives but to use other forms of contraception until she 
has oopa weaned her child. INFORMATION FOR THE PATIENT: See Patient Package Insert. 
ADVERSE REACTIONS: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see WARNINGS section). Thrombophlebitis and venous thrombosis 
with or without embolism. Arterial thromboembolism. Pulmonary embolism, Myocardial infarction. Cere- 
bral hemorrhage. Cerebral thrombosis. Hypertension. Gallbladder disease. Hepatic adenomas or benign 
liver tumors. The following adverse reactions have been reported in patients receiving oral contraceptives 
and are believed to be drug-related: Nausea. Vomiting. Gastrointestinal symptoms (such as abdominal 
cramps and bloating) Breakthrough bleeding. Spotting. Change in menstrual flow. Amenorrhea. Temporary 
infertility after discontinuation of treatment. Edema. Melasma which may persist. Breast changes: tender- 
ness, ay, be secretion. Change in weight (increase or decrease). Change in cervical erosion and 
secretion. Diminution in lactation when given immediately postpartum. Cholestatic jaundice. Migraine. 
Rash (allergic). Mental depression. Reduced tolerance to carbohydrates. Vaginal candidiasis. Change in 
corneal curvature (steepening). Intolerance to contact lenses. The following adverse reactions have been 
reported in users of oral contraceptives and the association has been neither confirmed nor refuted: 
Pre-menstrual syndrome. Cataracts. Changes in appetite. Cystitis-like syndrome. Headache. Nervousness. 
Dizziness. Hirsutism. Loss of scalp hair. Erythema multiforme. Erythema nodosum. Hemorrhagic eruption. 
br ste Porphyria. Impaired renal function. Hemolytic uremic syndrome. Acne. Changes in libido. Colitis. 
OVERDOSAGE: Serious ill effects have not been reported following acute ingestion of large doses of oral 
contraceptives by young children. Overdosage may cause nausea and withdrawal bleeding may occur in 
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Introduction 


Leon Speroff, MD, and Alan H. DeCherney, MD 


Portland, Oregon, and Boston, Massachusetts 


Oral contraceptive (OC) formulations have changed 
dramatically since their introduction in the 1960s. The 
goal of research and development over the years has 
been a formulation that delivers optimal contraceptive 
efficacy while minimizing adverse effects. Current clin- 
ical data demonstrate the achievement of this goal in a 
highly improved safety profile. Reduction of the steroid 
content is largely responsible, and was reached in 
Stages, with the introduction of biphasic preparations 
containing less progestin in the late 1970s, followed by 
reductions of both estrogen and progestin in the tri- 
phasic preparations of the 1980s. 

As formulations were changing, so were patterns of 
contraceptive use, the latter in response to shifts in age 
distribution of the population and in the status of 
women. These factors, along with public perception of 
the risk with OC use, continue to affect choice of 
method. 

This supplement represents the combined proceed- 
ings of two symposia convened to assess trends and 
health aspects of OC use. Epidemiologic data and clin- 
ical studies relevant to OC safety received special em- 
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phasis at the meetings, which provided an educational 
forum for leaders in obstetrics and gynecology. Where 
a subject area was covered by two speakers, dual au- 


‘thorship of articles resulted. 


Included in these presentations are evaluations of 
recent data on changes in lipid and carbohydrate me- 
tabolism associated with OC use and new information 
on clotting regulatory mechanisms. Epidemiologic data 
on OC use and cancers of the reproductive system are 
reevaluated, and some clarity is brought to a complex 
subject made more confusing by conflicting reports. 

In recent years the progestational component in OCG 
formulations has come under closer scrutiny. Today we 
are seeing the results of research efforts directed at 
developing new progestins with high antiovulatory ac- 
tivity and minimal androgenicity. Results of clinical and 
preclinical studies with the new progestins have dem- 
onstrated a low incidence of side effects and little or 
no adverse influence on lipid and carbohydrate metab- 
olism and on coagulation. The impact of the new OC 
formulation on clinical practice remains to be deter- 
mined as does its possible association with reduced car- 
diovascular risk, both subjects for future epidemiologic 
study. 
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Contraceptive use projections: 


James Trussell, PhD, and Barbara Vaughan 


Princeton, New Jersey 


1990 to 2010 


Factors that will affect both contraceptive use and choice of method during the next 20 years are 
reviewed. Two factors are predictable: the changing age distribution of women and the revised upper-age 
limits for oral contraceptive use, with the effect of the latter as yet unknown. Less predictable factors 
include the number of women in each aJe group at risk for pregnancy, the effects of delayed childbearing 
and sterilization, and the impact of new contraceptive methods. Unpredictable factors include adverse 
publicity about oral contraceptives and breast cancer, concern about sexually transmitted diseases and 
acquired immunodeficiency syndrome, and changes in the availability of legal abortion. Numbers of women 
using oral contraception, other reversibl2 methods, sterilization, and no method are projected from 1990 to 
2010 under the assumption that use paiterns in each age group resemble those observed in 1988. We 
conclude that discrepancies between projections cf contraceptive use and fact are likely to occur because 
of the unpredictable nature of these few important variables. (Am J Osstet Gynecol 1992;167:1160-4.) 


Key words: Contraceptive use projections, fertility, National Survey of Family Growth, 


abortion, sterilization, public perceptions 


Forecasts of future events or conditions are seldom 
correct. Demographic projections are no exception— 
projections of population size and distribution by age 
are notoriously prone to error because of the inability 
to forecast accurately the future course of mortality 
and, more importantly, fertility.” Projecting numbers 
of contraceptive users and patterns of contraceptive use 
during the next two decades involves even more un- 
certainty because the age distribution of women is only 
one of the many factors affecting use. Nevertheless, it 


is instructive to identify the factors likely to be relevant . 


and to speculate about likely trends. 


Factors affecting contraceptive use 


Factors affecting the numbers of women who will use 
various methods of contraception include sexual and 
reproductive behavior, the age distribution of women 
in their reproductive years, perceptions about contra- 
ception that are shaped by the media and clinicians, 
and legislation or regulations concerning abortion and 
contraception. Some factors are predictable or already 
known, others are less predictable, and still others are 
entirely unpredictable (Table I). 

Changing age structure. Changes in the distribution 
of ages among women in the reproductive age-span 
during the next 20 years can be predicted with great 
accuracy because these women ar2 mostly already born 
and there is little death during the reproductive years. 
Recent U.S. Bureau of the Census projections, which 
take into account both death rates and predicted net 
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immigration rates, show that in 1990 there were 65.9 
million women, aged 15 to 49, and that. this number 
will increase to 68.6 million in the year 2000 and then 
fall gradually thereafter.* Changes in age distribution 
will be more dramatic (Table II). Currently the largest 
cohort is the group of women aged 30 to 34. This 
cohort, representing the vanguard of the baby-boom 
generation, will move through and pass out of the re- 
productive age-span during the next 20 years. The co- 
hort immediately younger than age 30 is also fairly 
large and in 20 years time will be near the end of the 
reproductive age-span. Younger cohorts are smaller in 
number, yet still large enough to ensure continuity in 
the total number of women of reproductive age during 
the next two decades. Thus a general aging of the fe- 
male population will occur, and 20 years from now 
more women wil be concentrated in the older cohorts, 
who are most likely to use sterilization rather than re- 
versible contraceptive methods. 

Change in upper age limits for oral contraceptive 
use. One factor that may have an impact on patterns 
of contraceptive use is the upward revision of the upper 
age limits for oral contraceptive (OC) use. In October 
1989 the Fertility and Maternal Health Drugs Advisory 
Committee of the Food and Drug Administration rec- 
ommended the removal of all references to age limits 
for OC use by healthy, nonsmoking women. The po- 
tential impact of this change from the previous age limit 
of 35 years for smokers and 40 years for nonsmokers 
remains unknown. Conservative medical practice may 
possibly minimize the impact, as may the opinions of 
older women. It is possible that older women may 
choose OCs rather than permanent sterilization if they 
are.aware of that alternative and of the health benefits 
of OC use. 
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Table I. Factors affecting contraceptive use: 
1990-2010 


Predictable 
Changing numbers of women aged 15-49 
Revised upper age limits Zor OC use 
Less predictable 
Numbers of women at risk of unintended pregnancy 
Delayed childbearing, therefore delayed sterilization? 
Effect of revised upper age limits for OC use 
Impact of new methods 
CuT 380A 
Norplant 
Female condoms 
Unpredictable 
Publicity about contraceptive methods (especially OCs 
and breast cancer) 
Concern about AIDS and STDs 
Availability of legal abortion 


STDs, Sexually transmitted -diseases. 


Sexual activity. Among all reproductive-age women, 
those at risk of an unintended pregnancy constitute a 
select demographic group—women who are fecund, 
sexually active, nat pregnant or postpartum, and not 
seeking to become pregnant. Many factors affect the 
size and age composition of this risk pool, making pro- 
jections of contraceptive use less certain. | 

An important variable is the number of teenagers 
who are sexually active. The 1988 National Survey of 
Family Growth revealed that 51% of girls aged 15 to 
19 years had engaged in intercourse, an increase of 8 
percentage points from the 43% recorded in the 1982 
National Survey of Family Growth.’ Apparently, media 


attention to the risk of acquired immunodeficiency syn- 


drome (AIDS), some focused specifically on the risk to 
teenagers, has at best had minimal impact on the sexual 
activity of teenagers. Continuation of this trend of in- 
creased sexual activity among teens may be expected 
to increase OC use because young, sexually active 
women use this method with greatest frequency. 

Among unmarried women over 20 years old, the 
impact of the fear of sexually transmitted diseases or 
AIDS remains speculative. We simply do not know 
whether these fears are decreasing sexual activity in 
this group. There has not been a national survey of 
sexual activity in the United States since the work of 
Kinsey in the 1950s.° Given the political pressures, it is 
doubtful when, if ever, another national survey of sex- 
ual practices will be conducted.®’ 

The 1988 National Survey of Family Growth revealed 
the percentage of women at risk of pregnancy in all 
post-teenage groups to be fairly constant through age 
44, varying between 67% and 75%. There was consid- 
erably greater variability between age groups in the 
percentage of women at risk who used specific contra- 
ceptive methods (Table IH). OC use was highest in the 


20- to 24-year age group (59.8%), decreased to 39.7% 
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Table II. Number of women aged 15 to 49: 
1990-2010 






No. (millions) 


15-19 8.6 9.2 
20-24 9.3 8.7 8.7 9.5 9.6 
25-29 10.7 9.4 8.8 8.9 9.6 
30-34 i 10.9 9.7 9.7 9.1 
35-39 10.1 11.1 10.9 9.6 9.0 
40-44 9.0 10.1 LI 10.9 9.6 
45-49 tal 8.9 10.1 11.0 10.8 


15-49 65.9 67.8 68.6 68.4 66.9 


U.S. Bureau of the Census 1989; series P-26, no. 1018, 
Table 42 


at ages 25 to 29, and then fell rapidly thereafter. Strik- 
ingly, 19.8% of women at risk at ages 15 to 19 used no 
contraceptive method. As would be expected, virtually 
no teenagers had undergone contraceptive steriliza- 
tion, an option first chosen at 20 to 24 years old and 
increasingly exercised in subsequent age groups as OC 
use diminished. 

Delayed childbearing and sterilization. ‘The current 
trend toward delayed childbearing may also affect the 
number of women at risk for unintended pregnancy. 
Fertility rates are increasing among women in older age 
groups. Between 1980 and: 1988, births per 1000 
women increased from 19.8 to 27.9 among women aged 
35 to 39 and from 3.9 to 4.8 among women aged 40 
to 44.° This increase represents a significant reversal of 
a dramatic trend toward lower birth rates among 
women between 35 to 45 years old that was observed 
during previous decades. Consequently, fewer women 
in this age group are exposed to risk because they are 
either pregnant, trying to become pregnant, or are 
postpartum. The incidence of breast-feeding, with its 
negative effect on fecundity, also appears to be increas- 
ing in all age groups. The statistics for childless women 
tell a similar story (Table IV). In 1975 only 8% of 
women aged 30 to 34 years were childless; by 1988, the 
figure had jumped to 22%. However, of the women in 
this age group who were childless in 1975, only one 
third expected to have a child thereafter, whereas in 
1988, 51% of childless women aged 30 to 34 still ex-, 
pected to have a child.*” 

As a consequence of delayed childbearing, the very 
large group of women over age 30 may be delaying 


_ sterilization. Sterilization traditionally has been re- 


garded as the preferred contraceptive option for 
women who face 20 or-more years of exposure to the 
risk of unwanted fertility after their last wanted birth. 
Women who have perhaps only 8 more years of ex- 
posure to risk after their final wanted pregnancy may 
elect to forego sterilization altogether, especially if OC 
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Table III. Contraceptive method use by age group 


——— 


Age (yr)* 


15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 


October 1992 
Am J Obstet Gynecol 





Users (% of women at risk) 


Other l 
reversible No 
methods method Sterilization 
19.8 0.4 
11.8 5.9 
10.4 21.0 
7.4 42.4 
6.3 60.3 
7.6 - 68.0 
9.0 77.0 


*Ages 15 to 44: 1988 National Survey of Family Growth; ages 45 to 49: authors’ estimate. 
{Having sex and not pregnant, seeking pregnancy, or postpartum and not infecund. 


Table IV. Childless women in the United States 









Childless women (%) 


1975 

1980 = 66 £4 17 
1985 66 48 23 
1988 70 S9 22 


18-24 yr 23-29 yr 30-34 yr 
45 £0 8 


Planning to have children 


(% among those childless) 





1975 33 
1980 83 68 i 37 
1985 85 77 i 45 


1988 86 76 51 


U.S. Bureau of the Census, series F-20, nos. 301, 375, 406, and 436.%? 


Table V. Favorable opinions of birth 
control methods* 


Method Favorable opinion (%) 


Pill 76 
Condom 62 
Vasectomy 57 
Female sterilization 54 
Diaphragm 30 
Sponge 22 
Foam 18 
Vaginal suppository 18 
Intrauterine device 16 
Rhythm 16 
Cream 14 
Jelly 14 
Withdrawal . 10 
Menses extraction 3 


*1989 Ortho Survey of 12,500 woren (7861 replies). 


use, the reversible contraceptive most effective in pre- 
venting pregnancy, is perceived as a real alternative. 

In summary, both delayed childbearing and delayed 
sterilization may be expected to affect the mix of con- 
traceptive choices among older women, enlarging the 
scope for reversible methods.. Fewer women in older 
age groups may elect sterilization and more may choose 
OC use. | 

New contraceptive methods. The availability of new 
methods of contraception is another factor affecting 


patterns of contraceptive use that is difficult to predict. 
This factor would include both the impact of products 
that we know will become available’’—the new in- 
trauterine device, CuT 380A; Norplant, an alterna- 
tive form of hormonal contraception; and female 
condoms—and the impact of other products, some 
perhaps not yet imagined, that will become available 
by the year 2010. 

Public perceptions. Virtually unpredictable but vi- 
tally important is the impact of public perceptions as 
shaped by the media. Foremost among the perceptions 
likely to influence patterns of contraceptive use are 
those engendered by adverse publicity about OCs and 
cancer and by concern about sexually transmitted dis- 
eases and AIDS. Regardless of whether a link between 
OC use and breast cancer is:proved, OC use will almost 
certainly decline if the public perceives a link. Concerns 
about sexually transmitted diseases and AIDS may pro- 
mote greater use of condoms and other barrier meth- 
ods among young women, who have been the group 
most likely to use OCs. The interesting question is 
whether such women will substitute barrier methods 
for OCs (thereby raising their risk of pregnancy but 
reducing their risk of sexually transmitted diseases) or 
will supplement OC use with barrier methods (thereby 
reducing risks of both pregnancy and sexually trans- 
mitted diseases). 

What perceptions currently exist among women? An- 
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Table VI. Projected number of contraceptive users: Effect of changes in age distribution* 


Other reversible 
methods - No method 


Women (millions) 


Yr OCs Sterilization 
1990 10.6 11.3 4.2 18.0 
1995 10.1 11.4 4.2. 19.5 
2000 9.9 11.3 4.3 20.1 
2005 10.1 bask 4.3 19.7 
2010 10.2 10.9 4.3 18.8 


*Assumes 1988 age-specific proportions at risk and method mix (Table HI). 


nual contraceptive-user surveys by the Ortho Phar- 
maceutical Corp. (data on file) provide some insights. 
The 1989 Ortho survey of 15,000 women, of whom 
7861 (52%) replied, showed that OCs (at 76%) have the 
highest approval rating of all contraceptive methods 
(Table V). This statistic compares with a favorable rat- 
ing of only 65% in a 1982 Ortho survey.” 

When analyzed by age group, the only approval rat- 
ing that showed a substantial age-related trend was that 
for sterilization, with older women favorably disposed 
to this method of contraception and younger women 


regarding it as highly unfavorable. There was a slight © 


age-related trend shown in attitudes toward OC use, 
with the peak approval at ages 20 to 24. However, in 
both cases, age-related trends may reflect misunder- 
standing by the women surveyed. The survey was in- 
tended to elicit attitudes about contraceptive methods 
as used by women in general, but many respondents 
apparently interpreted the question as asking how they 
felt about each method for their personal use. Conse- 
quently, the peak of OC approval occurred in the age 
group most likely to use OCs. A negative attitude to- 
ward sterilization was strongest in younger women, al- 
most certainly because these women anticipated future 
pregnancies. . 

Opinion was related to experience. Among current 
OC users, 97% approved of this method, although a 
cause-and-effect relationship in the approval rating is 
difficult to establish because only women who approve 
of OCs are likely to continue using them. Similarly, a 


low approval rating of 44% was observed among ` 


women who had never used OCs, which probably re- 
flects the prevailing attitude among those who are un- 
likely to adopt this method. These responses seemed 
to reflect personal attitudes; thus a woman who never 
used an OC because of problems with embolisms would 
have rated OCs unfavorably because they were not a 
suitable choice for her. Certainly, women have strong 
opinions about OC use; few respondents indicated no 
opinion or failed to reply to this question. 

Annual OC discontinuation rates among users re- 
ported in Ortho surveys conducted from 1987 through 
1989 averaged 23%, compared with 29% for all other 


methods. Overwhelmingly, the reason cited for discon- 
tinuation was side effects, either actually experienced 
or feared. Interestingly, only 5% of those who discon- 
tinued OC use attributed their discontinuation to ad- 
verse publicity. However, it is difficult to distinguish 
between “fear of side effects” and “adverse publicity,” 
because the latter may have caused the former. More- 
over, adverse publicity would more likely be cited as 
a reason for discontinuation in a survey conducted im- 
mediately after any unusually negative media attention. 

Among other findings of the 1989 Ortho survey, 70% 
of respondents strongly agreed that health risks are 
associated with taking OCs for long periods of time, 
15% strongly disagreed that a woman taking the pill 
without problems and seeing her physician regularly 
has no reason not to stay on the pill for a long time, 
and 22% strongly disagreed that the pill may protect 
against developing certain types of cancer. Opinions 
about whether women who use the pill are at increased 
risk of cancer were essentially split; most respondents 
indicated no opinion. 

Also in this survey, 21% strongly agreed that women 


- who take the pill have difficulty becoming pregnant 


once they stop. The question involves ambiguous word- 
ing. Studies indicate that there is reduced fecundity 
when women stop using hormonal contraceptives, but 
the reduction is only temporary, and by 18 months 
cumulative rates of conception are the same as in 
women who have not used this method.” To which 
effect, short-term or longer-term, were interviewees re- 
sponding? It is probable that respondents did not in- 
terpret this question as referring to a time-limited ef- 
fect, but rather that many indeed believed OC use 
would permanently affect a woman’s ability to have a 
child. 
Although the extent of misperceptions about OC 
safety by representative women may be surprising, the 
misperceptions observed in a survey of sex educators 
are even more striking. Fifty-two percent of public 
school teachers who offer sex education agreed that pill 
use should be stopped periodically “to give the body a 
rest,” whereas a further 25% were unsure; only 34% 
knew that pill use by teenagers does not have a bad 
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effect on later fertility (and 25% were sure it does), and 
only 24% knew that cigarette smoking is not a con- 
traindication to teenage OC use.” 

Availability of legal abortion. Perhaps the least pre- 
dictable factor that will affect contraceptive use during 
the next decades is the continued availability of legal 
abortion. In many parts of the Uniced States, abortion, 
while still legal, is increasingly unavailable, with fewer 
physicians willing to perform the procedure.” Women 
who use barrier methods or other less effective methods 
of contraception often regard abortion as a fallback 
option in the event of contraceptive failure. Factors 
making legal abortion more difficult or more expensive 
to obtain may cause contraceptive efficacy to weigh 
more heavily in a woman’s choice of method. 


Projections to the year 2010 


Using the latest available data base, the 1988 National 
Survey of Family Growth, we attempt to project future 
patterns of contraceptive use. The distributions of 
women by age in the years 1990, 1995, 2000, 2005, and 
2010 (Table IJ) are taken from Census Bureau projec- 
tions. If we assume that the propcrtions of women at 
risk of unintended pregnancy in each age group in 
1988 and the fractions of women at risk in each age 
group who chose each contraceptive method tn 1988 
remain constant over time, the following forecasts can 
be made. Levels of OC use will decline moderately 
through the end of the century and then will recover 
slightly in the twenty-first century. Levels of use of other 
reversible methods will change little in this century and 
decline slightly thereafter. There will be virtually no 
change in the number of women who use no method. 
Use of sterilization will rise until the year 2000 and 
decline afterward, mirroring the passage of the large 
birth cohorts through the latter part of the reproduc- 
tive span (Table VI). 

However, projections based on zhe assumption that 
the mix of contraceptive choices made. by women will 
be the same in .2010 as it was in 1988 will almost cer- 
tainly be wrong. Indeed, projections of contraceptive 
use in 1990 (not shown) based on results of the 1982 
National Survey of Family Growth, when compared 
with projections based on the 1988 National Survey of 
Family Growth, underestimate OC use by 2.3 million 
sand sterilization use by 3. 2 million and overestimate the 
use of other reversible methods >y 2.2 million. Fur- 
thermore, the estimate of the namber of OC users 
based on the 1991 Ortho Pharmaceutical Corp. survey 
(16.8 million)* is 58% greater than our projection for 
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1990 based on the data from the 1988 National Survey 
of Family Growth (10.6 million). These discrepancies 
are not surprising, given the many factors that affect 
contraceptive choice and the difficulty in predicting the 
impact of changes in these factors on the choices women 
make regarding contraception. 


*Data from The Ortho Annual Birth Control Study, Ortho 
Pharmaceutical Corp., Raritan, N.J. (1969-1991). Request for 
Orthe 1991 Annual Birth Control Study reprints: Public Af- 
fairs Department, Ortho Pharmaceutical Corp., Route 202, 
P. O. Box 300, Raritan, NJ 08859. 
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Epidemiology of the noncontraceptive effects 


of oral contraceptives 


Andy Stergachis, PhD* 
Seattle, Washington 


Epidemiologic studies have made major contributions to our understanding of oral contraceptive safety. 
The findings of major studies of the risk of cardiovascular disease and neoplasia associated with oral 
contraceptive use are reviewed, with discussion of the many factors to be considered in the interpretation 
of conflicting results. Mortality data that were based on earlier oral contraceptive formulations, dosage, and 
usage patterns may not be relevant to current practices. Recent studies suggest that reduced doses of 
estrogens and progestins in current oral contraceptive formulations and better screening of patients have 
reduced the risks of cardiovascular disease associated with oral contraceptive use, with the most important 
exception being an increased risk among older women who smoke. While most epidemiologic studies 
demonstrate no overall association between oral contraceptives and breast cancer, unanswered questions 
remain concerning this relationship. (AM J OpsTET GYNECOL 1992;167:1165-70.) 


Key words: Assessment of oral contraceptive safety, oral contraceptive-related cardiovascular 


risks, oral contraceptive-related breast cancer risk 


Oral contraceptives (OCs) first appeared in the 
United States in the early 1960s and quickly became 
the most commonly used contraceptive method. By 
1973, OCs were used by an estimated 25% of married 
women of reproductive age.' Although OCs remain one 
of the most popular methods of birth control, their use 
has undergone several changes over the years. 
Through the early 1970s, use of OCs was relatively 
common among women in their 30s and 40s and un- 
common in young women under 20 years old. Al- 
though OC use was reported among 12.4% of women 
aged 35 to 44 years in the 1971 to 1974 National Health 
and Nutrition Examination Survey, it fell to 7.1% in 
the 1976 to 1980 survey, a decrease of more than 40%.? 
Among women aged 15 to 24 years, OC use actually 
increased over the survey period. From 1980 until the 
present time, overall OC use has increased steadily in 
the United States, where currently more than 10 million 
women use this form of contraception. 

The safety of OCs has become a major public health 
issue. Given the sheer number of women who use them, 
even a slight elevation or reduction in risk of disease 
may have a considerable effect on health and on the 
likelihood of continued use. To illustrate the latter 
point, OC use declined in the U.S. from 1973 to 1982 
in part because of concerns about adverse effects. Al- 
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though the message today is one of more confidence 
in the safety of low-dose OCs (1.e., less than 40 pg 
estrogen), concerns about possible adverse effects per- 
sist to this day. A Gallup poll conducted for the Amer- 
ican College of Obstetricians and Gynecologists in 1985 
found that as many as 76% of American women believe 
there are substantial risks involved with the use of OCs.? 
This article reviews epidemiologic study methods and 
the pertinent epidemiologic literature on major adverse 
effects and noncontraceptive health benefits associated 
with OCs and discusses some of the reasons for incon- 
sistencies in the results of epidemiologic studies. 


Basic epidemiologic study designs 

Observational study designs have played a crucial 
role in the assessment of OC safety. To determine 
whether an exposure (e.g., OC use) is associated with 
disease (e.g., breast cancer), a study must have several 
features.’ First, there must be a comparison group of 
subjects who do not have the disease, or as in cohort 
studies, are free of the exposure of interest at the onset 
of the study. Second, there must be enough study sub- 
jects to prevent chance from playing a large part in the 
observed results. Third, the study groups must be coms 
parable except for the factor of interest. Finally, it is 
necessary to identify and control for possible ex- 
traneous factors that may have a confounding effect 
on the study findings. 

Studies that compare the frequency of a purported 
risk factor in a group of subjects having a specified 
disease with a group of control subjects who do not 
have the disease are called case-control studies. Such 
studies compare the cases with the controls to detect 
differences in antecedent exposure (e.g., the number 
of women who used OCs before illness). The relative 
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frequency of exposure to a risk factor among both 
groups is used to calculate an odds ratio, a measure of 
risk similar to relative risk. The case-control study is 
useful when the exposure is common and the disease 
is rare and is a relatively easy and economic method- 
ology. The disadvantages of case-control studies are 
that they are subject to certain biases and that no mea- 
sures of absolute risk or attributable risk are obtained. 

The cohort study focuses on a group of subjects who 
have not experienced the outcome of interest at the 
onset of the study. On entry to the study, persons in 
the cohort are classified according to exposure (e.g., 
OC users and nonusers), then observed over time to 
see which of them experience the outcome (e.g., a form 
of cancer). Cohort studies provide information about 
relative risk, that 1s, the ratio of incidence in exposed 
persons to that in nonexposed persons. Because cohort 
studies are based on a defined population, they also 
yield data on incidence rates and attributable risk or 
risk difference, that is, the difference in the incidence 
of disease between OC users and nonusers. As noted 
by Petitti,° the attributable risk measure is easier to in- 
terpret than relative risk. For example, the attributable 
risk of death from subarachnoid hemorrhage in OC 
users was 4.6 per 100,000 women per year in the Royal 
College of General Practitioner’s (RCGP) study,° an as- 
sociation opposite to that of cancer, which was — 1.5 
per 100,000 women per year. An understanding of 
attributable risk provides a suitable framework for the 
interpretation of relative risk. A disadvantage of a cc- 
hort study is that it can be costly and time-consuming 
if done prospectively. 


Overall mortality risk 


Risk of mortality with OC use has been examined in 
three large cohort studies whose findings are primarily 
encouraging.”® Of the three, only the RCGP study in 
45,000 women found a positive correlation, a relative 
risk of overall mortality in OC users of 1.4 (95% con- 
fidence interval, 1.1 to 1.8), or 40% greater than that 
among nonusers.® Neither the Oxford Family Planning 
Association study, which recruited 17,032 women,’ nor 
the Walnut Creek Contraceptive Drug Study in 16,636 
women’ showed any significant increase in overall mor- 
tality associated with OCs. Prentice and Thomas” com- 

emented that the differences among the observed rel- 
ative risks reported by these three studies may be from 
differences in study methods, including exposure re- 
porting procedures, completeness cf mortality data, 
and differences in distributions of former OC users. It 
is important to note that patient recruitment for these 
studies began as early as 1968 when OC formulations 
contained higher doses of estrogen and progestin. . 

More recently, an historical cohort study based on 
54,971 woman-years of experience and conducted 
from 1977 to 1981 at the Group Health Cooperative 
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of Puget Sound found overall mortality to be compa- 
rable between OC users anc nonusers.'' Women with 
preexisting diseases such as hypertension, diabetes, and 
cardiovascular disease were excluded from the study. 
The use of newer OC formulations containing less than 
50 ug of estrogen, and greater care in prescribing OCs 
may have reduced the mortality risk identified with 
earlier preparations and prescribing practices. 


Cardiovascular disease 


OCs have been associated with increased risk of three 
major cardiovascular diseases: myocardial infarction, 
cerebrovascular disease, and thromboembolic disease. 
The known risks of cardiovascular disease occur pri- 
marily among a small subgroup of OC users and the 
size of the risk is related to the presence of other risk 
factors, such as cigarette smoking. Moreover, the excess 
risk of cardiovascular disease also seems to be related 
to both the estrogen and progestin content of OCs. 

The relative risk of mortality attributable to all car- 
diovascular diseases among OC users was found to be 
significantly elevated in the RCGP study (relative risk, 
4.2; 95% confidence interval, 2.3 to 7.7),* but not in the 
Oxford Family Planning Association study’ or in the 
Walnut Creek Contraceptive Drug Study.’ Information 
from these and other studies conducted in the 1960s 
and 1970s, although inconclusive, shaped a consensus 
that estrogen dose is related to the risk of cardiovascular 
disease. The RCGP study also suggested that the pro- 
gestin dose was related to the risk of myocardial in- 
farction, but other studies found no such association.® 
Progestin dosage appeared to be related to the relative 
risk of stroke but not to venous thromboembolism in 
these early studies, but again the data were largely in- 
conclusive. In this early period, OCs contained 50 to 
150 wg of estrogen and 1 to 10 pg of a progestin. 

Myocardial infarction. Early investigations reported 
an increased incidence of myocardial infarction asso- 
ciated with OC use believed to be primarily related 
to thrombosis or to effects on the clotting mechanism 
rather than to other factors such as changes in blood 
lipids, blood pressure, or glucose metabolism. In sup- 
port of the former hypothesis, Mishell’? noted that nei- 
ther epidemiologic studies in humans nor experimental 
studies with primates have observed an acceleration of 
atherosclerosis with OCs.'? Furthermore, nearly all of 
the published epidemiologic studies reported no in- 
creased risk of myocardial infarction in former users 
of OCs, nor does the incidence of myocardial in- 
farction appear to be correlated with duration of OC 
use. The risk of myocardial infarction decreases rapidly 
with discontinuation of OC use and returns to the level 
of nonusers probably within 1 to 2 months. 

More recent studies of cardiovascular risk associated 
with OC use are mostly updates of older studies. An 
update of the RCGP study published in 1989 showed 
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Fig. 1. Relative risk (RR) of acute myocardial infarction among OC nonusers compared with past 
or current OC users who are nonsmokers, light smokers, or heavy smokers. CI, Confidence interval. 
(Data from Croft P, Hannaford PC. Br Med J] 1989;298:165-8.) 


that current OC use was associated with an increase in 
risk of myocardial infarction only in women who also 
smoked cigarettes (Fig. 1)."° Among heavy smokers 
(i.e., those who smoke 15 or more cigarettes daily), 
current use of OCs had a relative risk of myocardial 
infarction of 20.8 (95% confidence interval, 5 to 83). 
The decrease in overall relative risk of myocardial’ in- 
farction compared with that observed in some of the 
earlier studies is consistent with what is known about 
the effect of estrogen dose on cardiovascular risk and 
the reduction in estrogen dose that has occurred in the 
intervening years. Data from the Group Health Co- 
operative of Puget Sound show a trend toward a re- 
duction in risk with use of OC formulations containing 
lower estrogen doses.” 

Cerebrovascular disease. Five percent to 10% of all 
OC-related deaths are attributable to stroke, with 
thrombotic stroke accounting for 85% to 90% of that 
incidence.'* OC use is believed to increase the relative 
risk of thrombotic stroke threefold and that of hem- 
orrhagic stroke twofold.’ The risk of cerebrovascular 
disease is increased in the presence of smoking, hy- 
pertension, increased age, and duration of OC use.’® 
Data from the RCGP study suggest that the risk of 
stroke persists after women stop using OCs.° Throm- 
botic stroke in OC users is related to both the estrogen 
and progestin components, whereas hemorrhagic 
stroke is more closely related to the dose and potency 
of the progestin component.***' Although the evidence 
of stroke risk associated with OC use is compelling, the 
data are largely based on older OC formulations. 

Venous thromboembolism. OCs have been associ- 
ated with venous thromboembolic disease, even in 


young healthy women. Recent data from the Group 
Health Cooperative of Puget Sound were used to es- 
timate the relative risk of venous thromboembolism in 
OC users with no known predisposing factors over two 
time periods, 1977 to 1979 and 1980 to 1982.” A 
marked decrease in the proportion of women using 
higher estrogen dose preparations corresponded with 
a decrease in the relative risk of venous thromboem- 
bolism. Although smoking is an independent risk factor 
for venous thromboembolism, it does not appear to 
exert a synergistic effect on risk in conjunction with 
OC use. 


Neoplasias 


The forms of neoplasia of greatest concern with OC 
use are breast cancer and cancer of the reproductive 
organs, that is, the uterus (corpus and cervix) and ova- 
ries. Because of inconsistencies in results, defining the 
risk of breast cancer associated with OC use has been 
a particular challenge to clinicians and epidemiologists. 

Breast cancer. The breast is responsive to ovarian 
hormones, and z large body of research shows that 
hormonally related factors, including childbirth, affect 
the risk of developing neoplastic diseases.” Most epi- 
demiologic studies to date have not demonstrated an 
overall association between OC use and the risk of 
breast cancer. In a 1987 review (Table I), data from 16 
case-control studies showed no significant alteration in 
risk in women who had ever used OCs, with the com- 
bined estimate of the relative risk of 1.0.'° Data from 
four large cohort studies, two in Britain and two in the 
United States, also showed no significant altered risk 
of breast cancer for all ages combined, and the sum- 
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Table I. Risk of breast cancer in women who 
ever used OCs 


Case-control studies Yr RR (95% CE)* 
Henderson et al. 1974 0,7 (0.5, 1.2) 
Paffenbarger et al. 1977 1.1 (0.9, 1.4) 
Sartwell et al. 1977 0.9 (0.5, 1.5) 
Kelsey et al. _ 1978 1.6 (0.8, 2.4) 
Ravnihar et al. 1979 0.9 (0.6, 1.5) 
Pike et al. 1981 1.2 (0.7, 1.9) 
Kelsey et al. 1981 0.9 (0.6, 1.3) 
Brinton et al. 1982 1.1 (0.8, 1.4) 
Harris et al. 1982 1.0 (0.6, 1.4) 
Vessey et al. 1983 1.0 (0.8, 1.2) 
Hennekens et al. 1984 1.0 (0.9, 1.2) 
Rosenberg et al. 1984 0.9 (0.8, 1.1) 
Talamini et al. 1985 0.7 (0.4, 1.4) 
Cancer and Steroid 1986 1.0 (0.9, 1.1) 

Hormone Study 

(CASH) 
Paul et al. 1986 0.9 (0.9, 1.25) - 
LaVecchia et al. 1986 1.1 (0.8, 1.5) 
Summary RR 1.0 (0.9, 1.1yf 


From Prentice RL, Thomas DB. Adv Cancer Res 1987;49: 
285-401, by permission of Academic Press. 


RR, Relative risk; CZ, confidence interval. 
*Confidence intervals estimated from published data. 
{The p value of x’ test for heterogeneity equal to 0.73. 


mary relative risk was identical to that based on the 
case-control studies.**** Subsequent metaanalysis also 
reported no overall increase in breast cancer risk 
among women (all ages combined) who had ever used 
OGs.?839 
Although the findings from mest studies have been 
reassuring, there have been reports of elevated risk of 
breast cancer among certain subgroups of OC users. 
As summarized by Schildkraut et al.,*’ an apparent ir- 
crease in the risk of breast cancer has been reported 
among young women with early and long duration of 
OC use, ?™ among nulliparous women, and 
among those with a long duration of use before the 
birth of their first child.3**! However, there is also ev- 
idence against an increased risk in these subgroups of 
OC users? #4 
Breast cancer risk with OC use at an early age has 
been studied intensively during the past 10 years (Table 
II). Several reports suggest an increased risk of breast 
cancer associated with long-term OC use in early re- 
*productive life. * 4° 41-48. A 1988 update of the RCGP 
cohort study reported an increased risk of breast cancer 
among women aged 30 to 34 years at diagnosis. A 
case-control study conducted in the United States by 
Miller et al.” reported an association of breast cancer 
and OC use in women less than 45 years old. In ad- 
dition, two Scandinavian studies reported that long- 
term OC use increased the risk of breast cancer in 
young women. *' However, other studies have found 
no association between early use of OCs and breast 
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cancer risk.** = Given that breast cancer has a long 
latency period, a consensus on whether the risk of 
breast cancer is increased among these important spe- 
cific groups of women remains to be clarified. 

Cancer of the reproductive organs. Use of the com- 
bination OCs is associated with a reduced risk of en- 
dometrial cancer, which develops at a rate about 50% 
less in women who have used combination OCs, 5 
This protection increases with duration of use and per- 
sists for 10 or more years after discontinuation. OCs 
also reduce the risk of ovarian cancer. * Case-control 
studies have indicated that OCs are associated with a 
risk of ovarian cancer about half that of nonusers. As 
with endometrial cancer, the protective effect increases 
with duration of use and persists for some years after 
discontinuation. 

Although a causal association between OCs and cer- 
vical cancer has not been established, studies have 
found that OC use for 5 or more years is associated 
with an overall risk for cervical dysplasia and carcinoma 
in situ of the cervix roughly double that of nonusers 
even after statistically controlling for various confound- 
ing factors such as the number of sexual partners, reg- 
ularity of cytologic screening, and use of barrier meth- 
ods.: In addition, because the human papillomavirus 
and herpes simplex virus type II may be inducers of 
cervical neoplasia, the type of contraception may mod- 
ify transmission of these infectious agents. Although 
preliminary evidence suggests that long-term use of 
OCs may increase the risk of cervical neoplasia, further 
study is warranted. 


Summary 


A common feature in the epidemiologic literature 
pertaining to OC safety, particularly for risk of breast 
cancer, is an apparent lack of consistency in results from 
one study to another. When findings conflict, confusion 
arises. What are some of the reasons for conflicting 
study results? In terms of overall estimates of risk, the 
duration of OC use in each study must be considered 
to determine the proporticn of long-term users. Vari- 
ations in the time at which women in the study popu- 
lations began to use OCs would be important If a long 
latency period existed between exposure and the ap- 
pearance of an effect, as might be hypothesized in stud- 
ies of breast cancer. Recency of use may be relevant if 
there is a need to distinguish between risk associated 
with current versus past use. The timing of exposure 
to OCs is yet another consideration. For example, was 
OC exposure concentrated in particularly sensitive pe- 
riods (e.g., young age) in the reproductive lives of the 
study populations? Another question to ask is whether 
there are uncontrolled differences between study pop- 
ulations in factors known to affect the risk of breast 
cancer, such as age at first full-term birth or age at 
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Table II.. Long-term OC use and risk of breast cancer 
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Age of Minimum duration 
Reference Study cases (yr) of OC use (yr) RR (95% CI) 


35 Pike et al., 1983 <37 
32 Meirik et al., 1986 <45 
43 CASH, 1986 <54 
42 Paul et al., 1986 <45 
40 McPherson et al., 1987 <45 
5] Stadel et al., 1988 <44 
49 Kay et al., 1988 <34 
33 Miller et al., 1989 <45 
45 Jick et al., 1989 <43 
34 United Kingdom, 1989 <36 
50 : Olsson et al., 1989 <45 
44 Vessey et al., 1989 <44 


*Risk among nulliparous women, age at menarche <13 years. 


menarche. There are also differences in study design 
and execution, and participation rates may vary from 
one study to another.” The choice of controls in case- 
control studies may affect risk estimates, as may dif- 
ferences in methodology of collecting information on 
exposures. Finally, accuracy of recall and the possibility 
of recall bias also need to be considered in the inter- 
pretation of findings from case-control studies. - 

Conflicting findings may also reflect patterns of OC 
use involving different steroidal combinations or dos- 
ages either from one country to another or over dif- 
ferent time periods. The decrease in estrogen and pro- 
gestin content of OCs since their introduction has been 
dramatic, which implies a different risk of cardiovas- 
cular disease from estimates in studies now 15 to 25 
years old. Mortality rates based on earlier OC formu- 
lations, doses, and prescribing patterns may not be rel- 
evant to current practice. The risk of serious illness or 
death resulting from adverse cardiovascular effects at- 
tributable to OC use is concentrated primarily among 
women who smoke cigarettes or have other risk factors 
for cardiovascular disease. Smoking clearly modifies the 
effects of OC use on the risk of myocardial infarction, 
with the two independent risk factors exerting a syn- 
ergistic effect when both are present.. Recent studies 
have suggested that the reduced doses of estrogen and 
progestin common to current OC formulations and bet- 
ter screening of patients may have markedly reduced 
associated cardiovascular risk. Nevertheless, the in- 
creased risk for smokers with OC use remains a 
concern. 

In addition, the protection against endometrial and 
Ovarian cancer seen with earlier OCs remains to be 
demonstrated with current. formulations. 

Many recent studies have shown no overall associa- 
tion between OC use and the risk of breast cancer, 
whereas other studies have found breast cancer risk to 
be increased among specific groups of OC users. Nu- 
merous difficulties remain in interpreting the results 


6 4.9 (1.9, 13.4) 
12 9.9 (1.2, 4.0) 
15 0.6 (0.4, 0.9) 
10 1.0 (0.7, 1.5) 
12 1.8 (0.8, 3.9) 
12 11.8 (1.4, 95.7)* 
10 10.1 (1.1, 91) 
10 4.1 (1.2, 4.0) 
10 1.4 (0.4, 4.6) 

8 i7 (1.2, 2.6) 
12 1.2 (0.7, 2.1) 
10 NS 


of these epidemiologic studies. Future research is likely 
to focus greater attention on subgroup analyses and the 
effects of specific OC formulations. 
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Oral contraceptives and gynecologic cancer: An update for 


the 1990s 


Andrew M. Kaunitz, MD 
Jacksonville, Florida 


The most recent statistical evidence confirms a protective effect of oral contraceptive use against ovarian 
and endometrial cancers. Studies of the association between oral contraceptive use and cervical cancer 
continue to be hampered by confounding factors; however, results suggest that the overall risk of invasive 
cervical neoplasia is not increased. Although the association between oral contraceptive use and breast 
cancer remains controversial, existing data strongly suggest that overall risk of breast cancer is not 
increased by the use of oral contraceptives. In most candidates for oral contraceptive use, the benefits 
greatly outweigh the risks. (Am J OasteT GyNecoL 1992;167:1171-6.) 
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The use of oral contraceptives (OCs) is considered 
very risky by about 75% of women who are 35 years 
of age and younger, according to results of a 1985 
Gallup poll that was sponsored by the American College 
of Obstetricians and Gynecologists.’ Cancer was named 
as their major concern. The mass media’s persistent 
overemphasis on the adverse health effects of OCs has 
played a major role in the creation of this negative lay 
perspective.” 

The extensive available data on the risks and benefits 
of OC use reveal a different picture. This article reviews 
the association between OC use and cancer of the ovary, 
endometrium, cervix, and breast as determined by re- 
cent analyses of data from major studies. 

Familiarity with the statistical concept of relative risk 
(RR) facilitates an understanding of associations be- 
tween OC use and risk of gynecologic cancer. Relative 
risk quantitates the magnitude of association. A refer- 
ent RR (1.0) is assigned to women who have not used 
OCs (nonusers). If OC use is associated with a decreased 
risk of cancer, the RR is less than 1.0. For example, if 
OC use is associated with a 50% risk reduction (one 
half the risk of nonusers), the RR is 0.5. An RR of 0.1 
would likewise describe a 90% risk reduction in OC 
users. An increased risk of cancer in OC users is ex- 
pressed by an RR greater than 1.0. For example, if OC 
use is associated with a 50% increase in cancer risk, the 
RR is 1.5. Likewise, an RR of 2.0 implies that OC users 
experience a doubling in risk (100% increase). 

The Cancer and Steroid Hormone (CASH) study, 
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which was conducted by the Centers for Disease Con- 
trol and the National Institutes of Health, is by far the 
largest case-control study ever reported on the associ- 
ation between OC use and cancer. Its large data set 
permits very precise estimates of RR and the oppor- 
tunity to address subgroup risk in a statistically signif- 
icant manner. Additionally, because CASH avoided use 
of hospital-based control patients, certain biases that 
have hampered other studies were avoided. 


Ovarian cancer 


Because it is rarely diagnosed early, ovarian cancer 
remains the most lethal of gynecologic cancers. ‘The 
epidemiologic literature offers clues to the etiology of 
epithelial ovarian cancer: pregnancy and breast-feed- 
Ing are associated with a reduced risk of this malig- 
nancy, which suggests that the protective mechanism 
may be suppression of ovulation.® Consequently, 
suppression of ovulation that is achieved by OCs should 
be expected to protect against ovarian cancer. The 
CASH findings, which are consistent with the findings 
in the worldwide literature, support this perspective.‘ 
This study demenstrated that OC users have a 40% 
reduction in risk of ovarian cancer compared with non- 
users: RR = 0.6. In addition, the protection against 
ovarian cancer that is offered by OCs appeared to last 
for a decade or more after discontinuation of use. 

Although statistical significance and biologic plausi- 
bility are important factors when associations‘are eval- 
uated, the argument for causality between medication 
intake and a particular outcome is strongest when a 
dose response can be demonstrated. The CASH study 
found that the protection against ovarian cancer that 
is provided by OC use correlated with the duration of 
cumulative use. At the two ends of the observed spec- 
trum, women who used OCs for less than 1 year ex- 
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perienced a 40% reduction in risk, whereas those who 
used OCs for more than a ‘decade experienced an‘80% 
reduction.* This finding further reinforces confidence 
in the concept that OC use protects against ovarian 
cancer. N 

Three recently published studies of the protection 
that OCs offer against ovarian cancer underscore and 
extend the CASH findings. The first of these, a British 
publication that is based on national mortality statistics, 
closely linked declines in ovarian cancer mortality to 


use of OCs by British women.’ A study in the United ` 


States found that OCs offer protection from serous and 
mucinous borderline ovarian tumors that is similar to 
the protection demonstrated from frankly malignant 
epithelial tumors. Finally, a World Health Organiza- 
tion seven-country case-control study demonstrated 
that OC users in less developed countries experience 
protection from ovarian cancer that is similar to that 
demonstrated in OC users who reside in developed 
countries.’ l 

A subset of ovarian cancers is believed to be familial. 
Characteristics of familial ovarian cancer include an 
autosomal dominant hereditary pattern with variable 
penetrance, early age of onset, and the tendency to be 
bilateral and of the serous type. In addition to'site- 
specific familial ovarian cancer, the breast-ovarian can- 
cer syndrome has been reported. This latter syndrome 
is characterized by pedigrees that involve females with 
breast and ovarian cancer, alone or in combination.* ° 

Routine recommendations for women in these high- 
risk families include prophylactic oophorectomy at age 
35 or at completion of childbearing. Given the well- 
established protection that they offer against ovarian 
cancer overall, OCs represent a particularly judicious 
contraceptive choice for women in high-risk kindreds.® 


Endometrial cancer 


Among all gynecologic tumors, we best understand 


the etiology of adenocarcinoma of the endometrium. 
This cancer occurs in women with intact uteri who are 
exposed to endometrial estrogenic stimulation (either 
endogenous or exogenous) withcut adequate proges- 
tational protection. Progestational protection can either 
be endogenous, as in ovulatory women, or exogenous, 
as in women who receive hormone replacement ther- 
apy or who use OCs. f 

Since the endometrium of a woman who ts taking an 
OC is exposed to a synthetic progestin for 21 days each 
month, one would expect that CC use might reduce 
endometrial cancer risk. This expectation is indeed 
supported by the world literature, which shows that OC 
use consistently and dramatically protects against en- 
dometrial cancer. The CASH study found a risk re- 
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duction of 50% associated with OC use of at least 12 
months, which corresponds with an RR of 0.5.'° As 
with ovarian cancer, this protective effect was found to 
persist for at least 15 years after discontinuation of OC - 
use. ` 

Furthermore, OC use was found to protect not only 
against adenocarcinoma but also against the less fre- 
quently occurring adenoacanthoma and adenosqua- 
mous carcinoma. A protective effect against endome- 
trial cancer in current OC users could readily be ex- 
plained by our existing knowledge of how progestins 
produce short-term reversal of the endometrial prolif- 
eration that is caused by estrogen. An explanation of 
the long-term protection that is associated with OC use, 
however, is less straightforward and awaits further clar- 
ification of the impact that progestational agents have 
on endometrial glandular cells. 

Two recently published studies emphasize and 
broaden the CASH findings regarding the protection 
OCs offer against endometrial malignancy. The first of 
these, which is based on British vital statistics, notes that 
during the last two decades, mortality from endome- 
trial cancer has decreased over 40% in women who 
reside in England and Wales. The authors attributed 


. this trend to use of OCs." The other publication, which 


was sponsored by the World Health Organization, con- 
firmed that OC use in developing countries confers 
protection against endometrial neoplasia that is similar 
to that experienced by women who use OCs in devel- 
oped countries.” 


Cervical cancer 


Three biases potentially confound evaluation of the 
association ‘between OC use and cervical cancer. Vary- 
ing approaches to these biases may explain why studies 
of OC use and cervical cancer have produced such con- 
flicting results. Some studies have reported positive 
findings (RR greater than 1.0), suggesting that OC use 
increases cervical cancer risk, whereas others have re- 
ported that OC use may protect against this disease." 

The first bias occurs because cervical cancer is clearly 
linked to sexual behavior. This type of cancer is in- 
creasingly viewed as having the epidemiologic charac- 
teristics of a sexually transmitted disease. Therefore 
some studies have been biased because women in the 
OC-user groups had more sexual partners than women 
in the control groups whe used other contraceptive 
methods or no contraception. 

The second potential bias also relates to cervical can- 
cer as a sexually transmitted disease. Use of barrier 
contraception may reduce the risk for this cancer as for 
other sexually transmitted Ciseases,'* Because nonusers 
of OCs are more likely to have used condoms, dia- 
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phragms, or spermicides, failure to control for this po- 
tential confounder has biased conclusions of some case- 
control studies. 


The third potential bias concerns detection. There 
are two forms of cervical neoplasia: invasive cervical 
cancer, which is usually associated with symptoms, and 
cervical intraepithelial neoplasia, an asymptomatic dis- 
ease process. In the absence of cervical cytologic screen- 
ing, neither the patient nor her physician would be 
aware of the presence of cervical intraepithelial neo- 
plasia. Herein lies the potential for detection bias. Be- 
cause women who use OGs visit their physicians reg- 
ularly to refill their ‘prescription, they are more likely 
to undergo regular Papanicolaou smear screening than 
those who do not. In contrast, surgically sterile women 
and those who use condoms or the intrauterine device 
are able to continue.use of their contraceptive method 
without regular physician contact. 


No published report thoroughly addresses each of 


these potential biases. A study that was performed in 
Costa Rica by investigators from the Centers for Disease 
Control, however, explicitly addresséd the first and 
third biases and therefore represents a useful analysis 
of the association of OC use and cervical cancer." In 
Costa Rica, as in other developing countries, cervical 
cancer remains the most common cancer in women. 
However, Costa Rica differs from other. developing 
countries in that it has an excellent health data collec- 
tion system, including a nationwide tumor registry, 
which makes it an ideal location for a high-quality, well- 
controlled study. 

The Costa Rica study found no increased risk of 
frank, invasive cervical cancer associated with OC use. 
The relative risk of carcinoma in situ, however, was 
found to be 1.6. When adjustment was made for dif- 
ferential cytologic screening, however, this elevated risk 
was eliminated. 

In a recent large and well-controlled study. by Brinton 
and colleagues," no significant overall increased risk of 
invasive cancer was noted in OC users, even after long- 
term use. Because this study was so large (759 cases of 
invasive cervical cancer), it was capable of separately 
analyzing risks of squamous cell tumors and adenocar- 
cinomas in a statistically meaningful manner. Although 
no increased risk of squamous cell tumors was seen, 
OC use was associated with a significantly increased.-risk 
of adenocarcinoma of the cervix. 

How should clinicians interpret the literature’s dis- 
crepant findings regarding OC use and cervical cancer? 
First, if OC use is indeed associated with an increased 
risk of cervical cancer, the risk is of small magnitude. 
In'addition, a broader view of the epidemiologic picture 
reveals that cervical cancer incidence and mortality 
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have plummeted since OCs were introduced to the U.S. 
market in the 1960s.'" ° Clearly, we must continue to 
screen OC users with annual Papanicolaou smears, just 
as we do for all adult female patients. 


Breast cancer 


Known risk factors for breast cancer relate to repro- 
ductive events and hormonal status. Therefore it is log- 
ical to assume an influence of OC use (either negative 
or positive) on risk of this disease. Because OC use and 
breast cancer are both common in developed countries, 
even a small impact of one on the other could poten- 
tially have major public health implications. 

The peak incidence of breast cancer occurs in women 
in their 70s and 80s, in marked contrast to endometrial, 
ovarian, and cervical tumors, which reach their peak 
incidences in women in their 50s and 60s. This unique 
characteristic has implications for the study of breast 
cancer and OC use. Women who are 65 years of age 
or older today did not have the option of using OCs 
during their reproductive years. Therefore we have not 
yet had the opportunity to study the association of OG 
use with breast cancer among women in the peak-in- 
cidence age brackets. 

Although individual studies of the association be- 
tween OC use and breast cancer have yielded discrep- 
ant results, the technique of metaanalysis allows cal- 
culation of risk estimates that summarize multiple stud- 
ies. In Schlesselman’s 1989 metaanalysis of 17 studies, 
which reported both positive and negative findings, the 
summary RR of breast cancer among OC users who 
were younger than 60 years of age was 1.0.'* 

A 1990 metaanalysis reviewed 34 studies, and no 
overall increase in breast cancer risk in women who had 
ever used OCs was found.” The CASH study, which 
involved almost 5000 cases of breast cancer, also 
showed an RR of 1.0 (i.e., OCs were not found to have 
an impact on risk).”! 

.In contrast to most other studies of OC use and breast 
cancer, the CASH study’s size gave it the statistical 
power to consider a variety of subgroups. No increased 
risk of breast cancer was found in any of the subgroups 
of OC users that were studied (Table I). As part of their 
subgroup analysis, the CASH investigators assessed risk 
of breast cancer by type of OC formulation. Most 
women in the study had used higher-dose OCs, but re- 
gardless of the type or dose of estrogen or progestin in 
the OCs that were used, no particular formulation was 
associated with increased risk of breast cancer. 

Why, then, is there continuing controversy over the 
risk of breast cancer with OC use? The answer is that 
some epidemiologists believe that certain subgroups of 
women may be at increased risk. One such subgroup 
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Table I. Subgroups of OC users analyzed in 
CASH breast cancer study 





Subgroups 
OC use for 15 years 
First full-term pregnancy at late age 
History of benign breast disease 
Positive family history of breast cancer 
Nulliparous women 
Users of specific OC formulations 
OC use before first full-term pregnancy 
OC use in distant past 
Use at young age 


From CASH. N Engl J Med 1986;315 405-11, by permission 
of The New England Journal of Medicine. 


Table II. Relative risk of breast cancer in 
parous women by age at diagnosis 







Relative risk 





Age at diagnosis (yr) 


1.0 (Rezerent) 1.0 
1.6 0.8 


2 
=3 


Data from Bruzzi P, et al. Br Med J 1988;297: 
1095-8. 


Table III. Relative risk of breast cancer in OC 
users by age at diagnosis 





` Relaztve risk 






Age at dmagnosis (yr) 






No 1.0 (Referent) 1.0 
Yes 1.4 0.9 


Data from Wingo PA, et al. Obstet Gynecol 1991;78:161- 
70. 


is women with breast cancer that was diagnosed at a 
young age, usually before the age of 45. Cases of breast 
cancer in these younger women constitute only 13% of 
all breast cancers”; the great majority of breast cancer 
cases occur in postmenopausal women. 

When Schlesselman’s metaanalysis of breast cancer 
risk studies was restricted to women who were younger 
than 45 years of age at the time their cancer was di- 
agnosed, the overall RR was shown tc be weakly positive 
(>1.0).° Likewise, the larger 1990 metaanalysis re- 
vealed a positive association between OCs and breast 
cancer that occurs in the premenopausal years.” Sev- 
eral recently published studies also report a positive 
association between OC use and breast cancer that oc- 
curs in young women.*?*# 

Because breast cancer so rarely occurs in young 
women, each of these positive subgroup associations is 
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based on very small numbers of cases. In fact, even the 
subgroup metaanalysis of breast cancer in young 
women is based on small numbers. The low magnitude 
of these associations and the small numbers of cases on ` 
which they are based suggests that caution be applied 
in assessments of the relationship between OC use and 
breast cancer that occurs in young women. Positive as- 
sociations in this subgroup may merely reflect statistical 
artifacts or may indicate that OC use does indeed in- 
crease the risk of breast cancer in young women. 

As noted, the RR of breast cancer in OC users overall 
has been convincingly shown to be 1.0.'**° Therefore 
if women whose breast cancer is diagnosed at an earlier 
age are at increased risk, one can speculate that women 
who are clder at the time o= diagnosis experienced a 
protective effect from OC use. 

The relationship between breast cancer and parity 
may provide a biologic model of a hormone-related 
process that increases’ the risk of breast cancer in 
women who are diagnosed at a younger age, while de- 
creasing the risk for most cases of breast cancer (1.e., 
those that are diagnosed in older women). In an Italian 
study reported in 1988, high parity was associated with 
an increased risk of breast cancer in women who were 
younger than 40 years of age at the time of diagnosis 
and with decreased risk in women who were older than 
40 years (‘Table II).” These effects of high parity lend 
credibility to the speculation that the relationship be- 
tween OC use and breast cancer also differs according 
to age at the time of diagnosis. Consequently, it has 
been suggested that both OCs and pregnancy may pro- 
tect against the early stages of breast cancer in most 
women but may also promote the later stages of breast 
cancer in a very small subgroup of women. Recent 
reanalysis of the CASH daza set supports this hy- 
pothesis.*”° Among women who were 20 to 34 years old 
at the time. of diagnosis, a slightly increased risk of 
breast cancer was associated with OC use. In contrast, 
among women who were 45 to 54 years old at the time 
of diagnosis, a slightly decreased risk of breast cancer 
was associated with OC use (Table III). A statistically 
significant trend of decreasing breast cancer risk with 
increasing duration of OC use was noted in these older 
women. 

By estimating what epidemiologists call attributable 
risk, one can assess the net impact on breast cancer that 
OC use would have if it were associated with a differ- 
ential risk of this disease by age of diagnosis. Attrib- 
utable risk appraises the public impact of the interplay 
between disease incidence and RR. When divergence 
of RR from the referent value of 1.0 is similar in two 
diseases, the public health impact of the common dis- 
ease outweighs that of the rare disease. Accordingly, 
when an attributable risk assessment that is based on 
the CASH reanalysis is performed, the net impact of 
OC use is to lower overall incidence of breast cancer. A 
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Fig. 1. Age-specific breast cancer incidence over three time periods. (Data from National Cancer 


Institute 1988.*’) 


clearer understanding of the impact that OC use has 
on breast cancer risk by differential age at diagnosis 
may await the next century, at which time women in 
their 70s and 8s who used OCs during their repro- 
‘ductive years can be studied. 

National cancer surveillance data from the Surveil- 
lance Epidemiology End Results program, which were 
compiled over three time periods between 1973 and 
1985, show no trend from one period to the next in 
age-specific breast cancer rates among women who 
were exposed ta OCs during their reproductive years 
(women 55 years of age or younger) (Fig. 1).*” Among 
older women (those who did not have the opportunity 
to use OCs during their reproductive years) an increas- 
ing incidence of breast cancer over time is noted. This 
rise may reflect detection bias that results from greater 
use of mammography with resultant increased diag- 
nosis of early cancers. An alternate explanation is that 
declining parity over the past several decades has re- 
sulted in an increased incidence of breast cancer. ‘This 
increased incidence cannot be attributed to OC use, 
however, since women in this older age group did not 
use OCs during their reproductive years. Therefore 
these secular trend data provide reassurance that the 
introduction of OCs into the United States in the 1960s 
and 1970s has not been associated with detectable in- 
creases in incidence of breast cancer among women 
who have used this method of birth control. 


Noncontraceptive benefits 


OC use is associated with a variety of noncontracep- 
tive benefits (Table IV).** ** Protection against endo- 
metrial and ovarian cancer already has been described. 
Other conditions, which are listed in Table IV, repre- 
sent some of the most common causes of morbidity and 
disability among adult women in the United States. Any 
discussion of risks that are associated with OC use 
should be balanced by acknowledgement of these im- 
portant benefits. 


Table IV. Noncontraceptive benefits of OCs 





Decreases in: 

Endometrial and ovarian cancer 

Benign breast disease 
Fibrocystic 
Fibroadenoma 

Iron deficiency anemia 

Ectopic pregnancy 

Dysmenorrhea 

Ovarian cysts 

Leiomyoma uteri 

Osteoporosis 

Pelvic inflammatory disease 


From Peterson HB, Lee NC. Clin Obstet Gynecol 
1989;32:339-55. 


Comment 


Both public and professional controversy about the 
association between OC use and cancer persists and is 
unlikely to be resolved soon. Nevertheless, available 
data indicate that OCs may be prescribed to appropri- 
ately selected candidates with the conviction that the 
benefits clearly outweigh the risks. 
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The metabolic impact of oral contraceptives 


Ronald M. Krauss, MD, and Ronald T. Burkman, Jr., MD” 


Berkeley, California, and Detroit, Michigan 


The hormonal components of oral contraceptives exert major effects on plasma lipoprotein metabolism. 
Estrogens may increase production of plasma triglycerides, leading to increased levels of very 

low-density lipoproteins, but they may also reduce levels of cholesterol-enriched and potentially 
atherogenic intermediate- and low-density lipoproteins. Furthermore, estrogens increase levels of 
high-density lipoproteins (HDLs), particularly the HDL, subspecies, an effect linked to reduced mortality 
rates from cardiovascular disease in postmenopausal women receiving hormone replacement therapy. All 
combination oral contraceptives in use in the United States tend to raise levels of plasma triglycerides, 
low-density lipoprotein, and HDL, to varying degrees. In contrast, changes in HDL and HDL, reflect the ` 
combined effects of estrogen dose and relative androgenicity of the progestin component. Although in 
general, the lipoprotein changes are greater in magnitude with higher dose oral contraceptive preparations, 
they can be significant in lower dose preparations as well. Oral contraceptives also affect carbohydrate 
metabolism, primarily through the activity of progestin. Studies have demonstrated insulin resistance, rises 
in plasma insulin, and relative glucose intolerance by means of curve analysis of glucose tolerance tests. 
These effects are far less pronounced with lower dose preparations and with formulaticns using the newer 


progestins. (AM J OBSTET GYNECOL 1992:167:1177-84.) 


Key words: Metabolic impact, lipid and carbohydrate metabolism, cardiovascular risk 


A potential relationship may exist between the met- 
abolic effects of oral contraceptives (OCs) and the risk 
of cardiovascular disease. OCs may influence cardio- 
vascular risk by direct effects on the vessel wall, by 
altering plasma lipoprotein, carbohydrate, or prosta- 
glandin metabolism, or by altering coagulation param- 
eters. The most significant findings to date concern 
lipoprotein metabolism. Numerous preclinical and clin- 
ical studies have consistently identifed changes in li- 
poprotein metabolism as one of the major risk factors 
for the development of atherosclerosis. 


Lipoprotein metabolism 


Appreciation of OC-induced changes in lipoprotein 
metabolism requires assessment of the role various 
forms of lipoprotein play in the genesis of atheroscle- 
rosis (Fig. 1). 

The liver synthesizes a high molecular-weight pro- 
tein (designated apolipoprotein B-100), which is se- 
creted as an integral component of very low-density 
lipoproteins (VLDL). VLDL contain triglyceride, 
smaller amounts of cholesterol, and additional smaller 
proteins identified as apolipoprotein E and apolipo- 
protein C. VLDL transport endogenously synthesized 
triglycerides in the blood and are metabolized in tissues 
by the action of the enzyme lipoprotein lipase, leaving 
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remnant forms containing reduced triglyceride content 
that may be picked up and rapidly cleared by the liver. 
By this means, triglyceride and cholesterol are trans- 
ported to the periphery and the vehicle returned to the 
liver for further processing and excretion. However, in 
Western societies in which a high-fat diet predominates, 
the transport and clearance system of many persons 
becomes saturated. As a result, remnant particles re- 
main in plasma, where additional triglyceride is re- 
moved, leaving predominantly cholesterol-containing 
particles known as intermediate-density lipoproteins 
(IDLs). IDLs are further degraded to low-density li- 
poproteins (LDL), which contain most of the choles- 
terol found in human plasma. In this process, the orig- 
inal structural protein, apolipoprotein B-100, remains 
on the LDL particle, whereas the smaller proteins are 
removed. 

LDL particles are‘taken up by specific hepatic recep- 
tors. However, when the system is saturated, excess 
LDL, IDL, and perhaps VLDL remnants are removed 
more slowly from plasma and may be susceptible to 
modification by abnormal mechanisms. It is currently 
believed that oxidation predisposes such particles to 
accumulate within macrophages in the artery wall. The 
accumulating lipid deposits interact with platelets, 
other thrombotic mechanisms, and tissue factors to pro- 
mote growth of atherosclerotic plaques. 

High-density -ipoproteins (HDLs) play a role in a 
process termed “reverse cholesterol transport” (Fig. 2). 
HDLs are formed from proteins, primarily apolipo- 
protein A-I.and apolipoprotein A-II, that are synthe- 
sized by the liver and intestine and that combine with 
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Fig. 1. Mechanisms of lipoprotein metabolism and their role in atherogenesis. 
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Fig. 2. HDL and reverse cholesterol transport. LCAT, Lecithin-cholesterol acyltransferase. APO, 
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lipids removed from other lipoproteins and tissues. 
The cholesterol is esterified by an enzyme known as 
lecithin-cholesterol acyltransferase. Then additional 
apolipoprotein A-I and other proteins are incorporated 
into HDL to form a series of particles of progressively 
larger size and increased cholesterol content, known as 
HDL,, HDL,,, and HDL». Greater heterogeneity exists 


\ 


within these three HDL subclasses, which represent the 
major milestones in cholesterol uptake, with HDLg, 
having the greatest transport capacity. 

At least three pathways exist by which HDLs return 
cholesterol to the liver. HDL may deliver cholesterol to 
remnants, which are then either taken up directly by 
the liver through receptor-mediated pathways or me- 
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Fig. 3. Factors affecting lipoprotein metabolism. LCAT, Lecithin-chalesterol acyltransferase. (From 
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tabolized through IDL to LDL, which is taken up 
through the LDL receptors. HDL», can also be taken 
up directly by LDL receptors after combining with apo- 
lipoprotein E or by recently discovered receptors that 
are specific for HDL. Finally, cholesterol can be taken 
up independent of any of these receptor mechanisms. 

Thus numerous pathways exist by which the reverse 
cholesterol transport system can remove cholesterol 
from tissues and atherogenic lipoproteins. The level of 
HDL,, is a convenient index of efficient lipid metabo- 
lism and reverse cholesterol transport. Because HDL», 
is associated with a high Jevel of apolipoprotein A-I, 
this protein is also regarded as an index of reverse 
transport efficiency. Conversely, the level of apolipo- 
protein B, which is directly correlated with LDL levels, 
reflects increased accumulation of LDL particles. 

In the liver, the enzyme hepatic lipase degrades lipid 
components, particularly those in the HDL, series, act- 
ing to clear HDL from the plasma while recycling some 
HDL components. The level of hepatic lipase, which 
can vary considerably in the population, has been found 
to have a negative correlation with HDL, and to be 
strongly influenced by hormonal factors. 


Hormonal factors affecting 

lipoprotein metabolism 

Both estrogen and progestin have marked effects on 
lipoprotein metabolism (Fig. 3). Estrogen increases the 
synthesis of apolipoprotein B-100 and triglyceride and 


therefore of VLDL. Estrogen may also accelerate clear- 
ance of plasma lipids. Estrogen suppresses hepatic li- 
pase activity, which, along with increased apolipopro- 
tein A-I synthesis, causes a relative accumulation of 
HDL.. Estrogen also lowers plasma levels of remnants 
and LDL, thus removing acceptors for HDL cholesterol 
and leaving cholesterol retained in its HDL, vehicle; 
this effect may also contribute to the increase in HDL, 
levels observed with estrogen use. The net effect of 
these rather complex estrogen effects on lipoprotein 
metabolism is beneficial, as has been clearly demon- 
strated in postmenopausal women using estrogen re- 
placement therapy. 

Progestins, particularly those with androgenic activ- 
ity, tend to have effects on lipoprotein metabolism op- 
posite to those of estrogens. In particular, they can 
stimulate hepatic lipase, thereby accelerating the me- 
tabolism and clearance of HDL lipids and lowering 
plasma HDL levels. 


OC lipoprotein effects 


Individual OC agents can have widely differing ef- 
fects on plasma LDL and HDL cholesterol levels, de- 
pending on their relative estrogen and progestin con- 
tent and their specific progestin component. A study’ 
involving Lipid Research Clinics populations attempted 
to correlate lipoprotein effects with particular hor- 
monal components and doses (Table I). Three com- 
bination steroids were studied: Ortho-Novum (mes- 
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Serum lipids, mean (mg/dl) 


Frogestin Total 
(mg) cholesterol Triglyceride ADL LDL 


Nonusers — — 642 180 + 30.9 79 + 37.0 55 + 15.4 113 + 27.8 
Ortho-Novum ME NE 146 193 + 25.9* 12] + 47.7% 59 + 14.5% 118 + 26.7 
(0.03-0.1) “1-2) S 
Norlestrin EE NEA 4l 203 + 45.4* 120 + 57.3* 53 + 14.3 134 + 41.7* 
l (0.05) 1-2.5) ' 
Ovral EE NG 76 ' 194 + 36.5* 109 + 43.3* 45 + 13.4% 133 + 35.6* 
l l (0.05) 0.5) i 


Modified from Wahl P, et al. N Eng. J Med 1983;308:862-7, by permission of The New England Journal of Medicine. 


ME, Mestranol. , 
*Difference versus nonusers significant, p < 0.05. 


tranol and norethindrone [NE]), Norlestrin (ethinyl es- 
tradiol [EE] and norethindrone acetate [NEA]), and 
Ovral (EE and dl-norgestrel [NG]). Triglyceride levels 
were increased with all three preparations. LDL was 
increased with the higher dose pills containing NEA 
and NG. The HDL effect varied considerably depend- 
ing on formulation. A small but significant tendency to 
increase HDL was observed with the Ortho-Novum 
preparations, and a considerable decrease in HDL was 
observed with Ovral. 

The dose effect was explored more fully in another 
large epidemiologic study, the Walnut Creek Contra- 
ceptive Drug Study.? Combination agents containing 
estrogen and NE were categorized by dose, and lipo- 
protein changes in users were observed in each category 
(Table II). A consistent increase in triglyceride levels 
was observed at all doses. The lowest dose formulations 
had no impact on LDL cholesterol; however, the com- 
bination of low-dose estrogen and higher doses of NE 
was associated with a significant increase in LDL cho- 
lesterol. Higher doses of estrogen combined with low- 
dose progestin had no effect on LDL cholesterol, but 
increases in the progestin component resulted in in- 
creased levels of LDL. Clearly, high-dose progestin in 
combination with estrogen at any dose raised LDL. 
These effects were subsequently substantiated ‘in a 
number of other longitudinal studies.* * 

HDL effects were also dose related. Decreases in 
HDL were observed with low-dose estrogen and higher 
‘dose progestin. Higher dose estrogen tended to in- 
crease HDL. Increases in the progestin dose caused a 
drop in HDL, although not to the extent observed when 

progestin was increased in combination with low-dose 
~ estrogen. 


HDL effects related to progestin 

androgenic potency 

The relative effects of progestins on HDL cholesterol 
are so consistent that they can in some ways be consid- 
ered biologic markers of androgenicity. Metabolic stud- 


ies have shown that the effect on hepatic lipase of in- 
creasingly androgenic progestins correlates highly with 
changes in the levels of HDL, which is again consistent 
with the androgenic mode of action of these agents." 

In 1985 Dorflinger® summarized the available liter- 
ature on the androgenic effects of various estranes and 
gonanes in primarily monophasic medium- to high- 
dose preparations, deriving a hierarchy of progestin 
potency relative to lipoprotein and endometrial effects. 
In this hierarchy, NE, NEA, and ethynodiol diacetate 
(ED) were essentially similar in potency, and all were 
weaker than NG and levonorgestrel (LNG) (Table II). 
A more recent study’ of the androgenic effects of tri- 
phasic, lower dose preparations demonstrated at least 
the partial persistence of the hierarchies suggested by 
Dorflinger, albeit with modulation of the LDLand HDL 
effects in correlation with the lower progestin doses 
used in these preparations, 


Effects on lipid subfractions 


Two studies may be considered representative of the 
many longitudinal trials of the effects of OCs on plasma 
lipids. The effects of three high-dose OCs containing 
the progestins ED, NEA, and NG were studied in a 
randomized trial of 150 women.’ Fifty women in each 
group were followed up over a l-year period (Table 
IV). Increases in triglyceride levels were observed in 
all cases. LDL was increased by the more estrogenic 
preparation containing ED and by the NG preparation. 
A significant decrease in HDL occurred only with the 


_NG preparation. This decrease occurred exclusively in 


the HDL, fraction, a finding that has been borne out 


‘in several other studies of progestin’s effects on HDL 
' subfractions. 


The HDL protein apolipoprotein A-I increased with 


ED and NEA. There was a nonsignificant tendenicy for 


apolipoprotein A-I to decrease with the NG prepara- 
tion. An increase in the levels of apolipoprotein A-I 
was observed with all preparations; this finding has 
been corroborated in several other studies and still re- 
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Table II. Plasma lipoprotein concentrations* 






Serum lipids, mean (mg/dl) 






Exposure group 


Triglycerides 
Nonuser 192 192.5 57.5 121.0 ' 84.2 
Past user 1123 198.4 | 59.7 124.2 86.7 
Current user ' 
Estrogen NE l 
(mg). (mg) 
=0.05 <1.5 l 106 201.8 60.0 121.1 123.8 
=0.05 >1.5 ' 42 209.6 53.0 136.4 120.9 
>0.05 <1.5 72 208.3 63.3 123.5 129.0 
>0.05 >1.5 19 215.4 58.8 135.4 ` 127.1 


From Perlman JA, et al. Smoking, oral contraceptives, and other risk factors for atherosclerotic heart disease. In: Rosenberg 
M, ed. Smoking and reproductive health. New York: Praeger Medical, 1987:27- 35. Reprinted by permission of Greenwood 
Publishing Group, Inc., Westport, Conn. 


*Adjusted for age, body mass index, cigarette, and caffeine use. 


mains unexplained. We do not yet understand the bi- 

ologic effects of apolipoprotein A-IJ; consequently, we 

cannot interpret the observed OC-induced increases in 
this protein in terms of cardiovascular disease risk or 

any other clinical consequences. Nevertheless, it is a 

phenomenon to be kept in mind as we learn more about 

this protein. 

A smaller study,* one recently reproduced with a 
_larger number of patients (Roy et al., unpublished data) 
reflects results reported by others on lower dose prep- 
arations containing either NE or NG (Table V). Tri- 
glyceride effects were blunted and relatively small at 
these lower doses but clearly tended to be dose related. 
There was no significant change observed in the levels 
= of LDL cholesterol. HDL cholesterol tended to de- 
crease slightly with NG, although not significantly. 
However, a very significant trend was observed in the 
HDL, subfractions. The NG preparation lowered 
HDL» and the NE preparation raised it, although 
neither effect achieved significance at.the p = 0.05 
level. 

Another randomized clinical trial’ with 63 to 70 pa- 
tients in each of four groups studied preparations with 
a lower dose of estrogen (39 to 35 wg) but similar pro- 
gestins, ED, NE, and LNG. There was a significant 

decline in HDL and a nonsignificant increase in apo- 
lipoprotein A-I with LNG. Both the ED and NE com- 
pounds were associated with increases in apolipopro- 
tein A-I, and the ED compound with a slight increase 
in HDL.* The observed tendencies in these studies con- 
firmed previous reports that androgenic and estrogenic 
effects on HDL», although blunted, are still detectable 
with low-dose preparations. 


Relationship to cardiovascular risk 

In terms of the effect on cardiovascular disease risk, 
the most important lipoprotein changes associated with 
OC use are those that occur in levels of HDL choles- 


Table HI. Relative progestin potency 


Estranes 
NE l 
NEA i 
“ED l 
Gonanes 
NG 5-10 
- LNG 10-20 


From Dorflinger LJ. Contraception 1985;31:557-70. 


terol, particularly the HDL», and apolipoprotein A-I 
components. As noted, these effects vary with the rel- 
ative proportions of estrogen and progestin in the ste- 
roid combination and with the androgenic activity of 
the progestin component. The effects that occur with 
use of low-dose preparations are, on average, small. 
Nevertheless, it behooves the clinician to be aware of 
these potential changes in the context of the overall 
health status and specifically the cardiovascular risk sta- 
tus of female patients. Just as there are subsets of 
women in whom the presence of other risk factors may 
place them at increased cardiovascular risk with OC 
use, there will be subsets of women who have amplified 
metabolic changes with OC use. 


OC effects in the vessel wall 


Recent data from a study of cynomolgus monkeys’ 
suggest that estrogen may protect against the entry of, 
cholesterol into vessel walls. After being fed a high-fat 
diet for 7 months, 50 female monkeys were randomized 
to receive no medication (n = 16), an intravaginal ring 
containing estrogen and LNG (n = 17), or an OC con- 
taining EE + LNG (n = 17). They were studied for 24 
months while continuing on the same diet. As expected, 
HDL levels were reduced in the treated monkeys. Sur- 
prisingly, however, despite the observed adverse 
changes in HDL, the prevalence of plaques in the cor- 
onary arteries of OC-treated monkeys was lower than 
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Table IV. Percentage change in lipids and lipoproteins: Baseline to 1 year 





v EE ED > NEA NG 
Conirol (60 pg)t+: (i mg) (4 mg) (0.3 mg) 
Total cholesterol =2 ge i 8* 
Triglycerides =5 517 45* 32* 
LDL 0 10" 6 18* 
HDL =3 1 3 —= 13% 
HDL, atl 4 ie o —3 eo 2T* 
HDL; —2 5 LI? 5 
Apolipoprotein A-I -4 Ly g* =g 
Apolipoprotein A-II —4 ie 18* lar 
From Lipson A, et al. Contraception 1986;34:121-34, by permission of Butterworth-Heinemana. 
*h < 0.05. 
Table V. Percentage change in lipids and lipoproteins: Baseline to 7 weeks 
% change 
Control EE NE (0.4 mg) NG (0.3 mg) 
(n = 5) (30-35 pg) +: (n = 8) (n = 10) 
Cholesterol 0 bot 2 
Triglyceride —10 12 18* 
LDL cholesterol 0 12 “4 
IDL mass$ 0 54 6 
LDL mass _- —2 29t G 
HDL cholesterol 4 Li —4 
HDL mass 3 13 ~ 5 
HDL, mass —10 27*¥ 6 
HDL, mass 3 3 — 8 
HDL», mass 16 5Q** m BDF 


% change 


From Krauss RM, et al. AM J OBSTET GYNECOL 1983; 145:446-52. 
Change from baseline significant: **p < 0.08; *p < 0.05; jp < 0.01; 4p < 0.001. 
§Total lipoprotein mass concentration as measured by analytic ultracentrifugation. 


in control monkeys. The investigators suggested that 
this effect was probably related to a direct protective 
effect of estrogen on the uptake of LDL cholesterol at 
the arterial wall. 

The most recent data provided by the same 
investigators!’ suggest the influence of two opposing 
OC effects relevant to atherogenesis. In this later study, 
the expected hierarchy of effects on HDL was observed 
in monkeys treated with OCs containing either ED or 
NG; the less androgenic progestin showed less effect 
than did the stronger progestin. A hierarchy of effects 
was also evident with regard to prevalence of plaque. 

«Monkeys receiving no medication had the most plaque, 
those receiving the more potently androgenic progestin 
had less, and those receiving the least androgenic pro- 
gestin had still less. The data, based on limited numbers 
of subjects, suggest that in these monkeys the protective 
effect of estrogen on the vessel wall is the most impor- 
tant factor influencing the atherogenic process. How- 
ever, this finding does not negate the adverse lipopro- 
tein effects of progestin that have been demonstrated 
in other biologic systems. 


OC effect on carbohydrate metabolism 


Considerably less is known about the effects of OC 
use on carbohydrate metabolism, and the relationship 
of these effects to cardiovescular risk, than is known 
about OC lipoprotein effects. There is a striking paucity 
of hard data on which to base the determination of 
appropriate prescribing practices. The difficulty is 
compounded by the finding of considerable individual 
variation in effects, as well as by considerable variation 
in the testing systems used in the studies and in study 
duration. Furthermore, most observed changes are in 
the nondiabetic range, compelling investigators to use 
analyses of area (or incremental area) under the curve 
in an attempt to evaluate @C impact. 

Theoretic concerns are based on the well-established 
observation that diabetic subjects are prone to accel- 
erated atherogenesis and the development of blood 
vessel disease, on findings :ndicating that OCs will in- 
crease insulin levels and on the demonstration that hy- 
perinsulinism has at least some potential for athero- 
genesis even in nondiabetic persons. Evaluating the va- 
lidity of these concerns requires differentiating 
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Table VI. Effects of OCs on carbohydrate metabolism in normal women’*'® 


Monophasics* | T 
Triphasicst t 


AUC, Area under the curve. 


Incremental AUC 


C-peptide 
T T 
T ij 


*Differential effects: LNG 250/EE 30 > LNG 150/EE 30 > NE 1000/EE 35 > NE 500/EE 35, DG 150/EE 30 
{LNG 50-125/EE 30-40 and NE 500-1000/EE 35. No differential effects. 


between the effects of OC use in women with and with- 
out existing impairment of carbohydrate metabolism. 

Early studies’! demonstrated that most progestins in 
high-dose preparations had effects on carbohydrate 
metabolism in normal women. ED increased peripheral 
glucose and insulin; NE increased insulin but not glu- 
cose; and LNG increased both insulin and glucose most. 
A large cross-sectional study” of the carbohydrate ef- 
fects of 30 we of EE + 150 ug of LNG found that 
impact was related to duration of use; oral glucose tol- 
erance deteriorated, and insulin levels increased over 
approximately a 3- to 6-month period and then stabi- 
lized. The Walnut Creek Contraceptive Drug Study,” 
which also evaluated the effects of high-dose OCs, 
showed increases in l- and 2-hour glucose values, and 
increases in serum glucose that were dose related—5 
to 10 mg/dl for each milligram of NE, NEA, or ED, 
and 18 to 35 mg/dl for each milligram of LNG. Insulin 
resistance, as manifested bv insulin levels after a car- 
bohydrate meal, was increased; again, increases were 
correlated with the amount and type of progestin, with 
the more androgenic preparations having a greater 
effect. 

Studies using lower dose preparations have given 
variable results. A recent randomized trial examining 
the three triphasic preparations currently available in 
the United States (two containing NE and one LNG) 
showed slight increases in glucose at 3 to 6 months and 
slight increases in mean insulin at 3 months. These 
increases were at a much lower level of magnitude than 
those observed previously with high-dose preparations. 
Very little difference was apparent between the effects 
of the various triphasic compounds. 

Preliminary data on seven OC formulations from a 
recent British cross-sectional study’ in 1060 OC users 
and 418 control subjects suggest that even lower dose 
preparations have detectable effects on insulin resis- 
tance as monitored by the incremental areas under the 
curve for glucose, insulin, and C-peptide (which reflects 
insulin secretion from the pancreas). The data from 
that study are summarized in Table VI. Although re- 
duced in magnitude compared with the effects of 
higher dose preparations, the effects of the lower dose 


preparations were statistically significant and of poten- 
tial clinical interest. A hierarchy of effects correlated 
with the relative biologic activity of the progestin com- 
ponent was demonstrated with the use of monophasic 
preparations but not with the use of triphasic prepa- 
rations. 

Evaluation of the carbohydrate effects of OCs in 
women with previously impaired carbohydrate metab- 
olism is limited by the small number of women studied 
and the variety of study designs that have been used. 
Szabo” studied 15 patients with gestational diabetes; 
10 were control subjects and five were treated with 50 
wg of mestranol + 1 mg of NE for up to 6 months. 
Oral glucose tolerance tests deteriorated in all five 
treated women. Skouby et al.'® studied 10 patients 


formerly having gestational diabetes and 8 nondiabetic 


control subjects who were treated with a preparation 
of 30 ug of EE + 150 mg of LNG for 6 months; com- 
pared with control subjects, diabetic patients showed 
increases in plasma insulin but no significant changes 
in the overall glucose tolerance curve. More recently, 
Kung" studied 14 patients with gestational diabetes and 
6 control subjects treated with a LNG triphasic for 6 
months; the diabetic patients had higher overall plasma 
insulin concentrations and greater impairment of glu- 
cose tolerance. 

As we continue to test more women for the potential 
of gestational diabetes, increasing numbers are iden- 
tified as being at risk. Considering that changes even 
within the normal range of an oral glucose tolerance 
test. curve may have some impact on subsequent car- 
diovascular risk, the need for larger studies of OC im- 
pact in women with gestational diabetes is indicated. 
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patients with recurrent thrombosis 
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Significant advances have been made in defining the regulatory mechanisms that control blood clotting. 

These are reviewed, with special attention to the functions of the natural inhibitors, antithrombin Ill, protein 

C, and protein S. Congenital deficiencies of these inhibitors as well as acquired abnormalities, such as 

defective fibrinolysis, and their role in promoting thrombosis are also discussed, as are thrombotic 

complications of pregnancy. Pregnancy decreases levels of protein S to 40% to 50% of normal levels. The e 
decrease occurs early in pregnancy and persists into the postpartum period; it appears to be a hormonal 
rather than a dilutional effect. It is not <nown whether the thrombotic risk associated with pregnancy is 

increased in women who are congenitally deficient in protein S. Oral contraceptives decrease levels of . 

protein S by about 20%. Women with a personal or family history of thrombosis should be evaluated for 
predisposing conditions before they start an oral contraceptive, as should women taking oral 

contraceptives who develop deep venous thrombosis. (Am J OBSTET GYNECOL 1992;167:1184-91.) 
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Most patients with venous thromboses have no well- 
defined disorder of hemostasis. However, the identi- 
fication cf such abnormalities in some patients will per- 
mit rational decisions concerning contraceptive prac- 
tices and'long-term ‘prophylaxis against thrombosis. 


Volume 167 
Number 4, Part 2 


Intrinsic system 


IX, 
X Phospholipid 
Cat+ 
Vill, 
Prothrombin 





Fibrinogen 


Phospholipid 
oprop 
Va 


Advances in clotting 1185 


Extrinsic system | 






Thrombin 


Clot . 





Fig. 1. The clotting cascade. 


Advances have been made in defining the regulatory 
mechanisms that control coagulation. These advances 
will be described, especially as they relate to the diag- 
nosis of abnormalities that result in recurrent venous 
thrombosis. The effects of pregnancy and oral contra- 


ceptives (OCs) on inhibitors of the coagulation system 


and the use of appropriate anticoagulation to prevent 
recurrent thrombosis will also be discussed. 


Clotting mechanisms 


The goal of the clotting cascade is to produce throm- 
bin, which will convert fibrinogen to a fibrin clot (Fig. 
1). Thrombin is generated from prothrombin by factor 
Xa in the presence of factor V, calcium, and phospho- 
lipids, which are expressed in the platelet membranes. 
Factor Xa is generated by enzymes of the intrinsic or 
extrinsic systems. 

Vitamin K-dependent factors, which include factors 
VII and IX, as well as prothrombin and factor X, play 
a central role in blood coagulation. All these factors 
undergo vitamin K-dependent carboxylation of the 
glutamic acid residues, allowing them to bind to phos- 
pholipids in the presence of calctum. The binding of 
these factors and factors V and VIII to phospholipids 
greatly enhances their interactions, which result in the 
rapid formation of a fibrin clot. 


Effects of warfarin and heparin 


Warfarin inhibits the vitamin K-dependent carbox- 
ylation of factors II, VII, IX, and X. Therefore these 
factors have reduced coagulant activity as a result of 
their inability to bind to phospholipid surfaces. Al- 


though warfarin has a plasma half-life of approxi- 
mately 37 hours, its anticoagulant effect can be reversed 
within 12 to 24 hours by the administration of vitamin 
K,, which induces synthesis of carboxylated factors.’ 
Heparin acts as an anticoagulant by enhancing the 
activity of antithrombin III, an irreversible inhibitor of 


- thrombin and factors IXa, Xa, and XIa. 


. Several mechanisms have been postulated to explain 
the effect of heparin.” Heparin may bind to the clotting 
factor, changing the conformation of the active site so 
that it better fits the inhibitory site on antithrombin III 
and facilitates interaction. Other data suggest that hep- 
arin binds to antithrombin III, changing the shape of 
its inhibitory site so that it better fits the active site on 
the clotting factor. Still a third possibility and perhaps 
the best model for heparin’s mechanism of action is 
that rather than change the shape of active or inhibitory 
sites it acts to bind antithrombin III and the clotting 
factor in a complex that facilitates their interaction. 


‘Endogenous inhibitors of coagulation 


Antithrombin III is well recognized as one of the 
body’s natural anticoagulants. Heparan, a close relative 
of heparin located on endothelial cell surfaces, prob- 
ably enhances antithrombin III activity under normal 
conditions of hemostasis. 

Protein C and protein S are two other major inhib- 
itors of coagulation.’ These vitamin K-dependent pro- 
teins are synthesized primarily in the liver and are es- 
sential for inactivating factors Va and VIa. Previous 


_ investigators found that when protein C was combined 


with thrombin in vitro, the thrombin slowly converted 
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Fig. 2. Inhibition of the clotting cascade by activated protein C and protein S. 


protein C.into its activated or functional form. At first 
it appeared unlikely that thrombin could activate suf- 
ficient protein C in vivo to provide anticoagulant ac- 
tivity. l 

However, experiments in animal models demon- 
strated that conversion of protein C to activated protein 
C occurred about 20,000 times more rapidly when pro- 
tein C and thrombin were passed through the micro- 

- vasculature of myocardial tissue. Esmon and Owen" 
demonstrated that when thrombin circulates through 
the myocardial capillary bed, it binds to thrombomod- 
ulin, a protein on the endothelial cell surface. This 
binding brings about a change in the specificity of the 
thrombin molecule, causing loss of its ability to clot 
fibrinogen or activate platelets. Hcwever, its ability to 
activate protein C is greatly potentiated. In turn, the 
activated protein C combines with free protein 5 on 
phospholipid surfaces, probably those of platelets or 
endothelial cells, to inhibit factors Va and VIIla. The 
clotting cascade is thus inhibited, preventing further 
thrombin generation in a physiologic feedback system 
(Fig. 2). 

Protein S circulates in the plasma both in a free form 
and bound to C4b, a binding protein. The free protein 
S is the active form that combines with activated protein 
C, potentiating its anticoagulant activity. The complex 
of protein S and C4b binding protein is inactive. Nor- 
mally, about 40% of protein S is free, and 60% exists 
in the inactive complex. However, the equilibrium be- 
tween these two forms is highly dynamic. Furthermore, 
C+b binding protein is an acute-phase reactant; its con- 
centration in the plasma increases dramatically in the 
presence of an acute infection, consequently bind- 

‘ing more protein S and decreasing the availability of 
the free form needed to interact with protein C as an 
inhibitor of factors Va and VIa. 


Recurrent thrombosis 


More than a century ago, Vircnow postulated three 
types of alterations that could account for thrombosis: 
(1) changes in the vessel wall, (2) in blood coagulability, 
or (3) in flow. Regarding our current understanding, 
perhaps the prothrombotic changes in the vessel wall 


are partly the result of decreased expression of throm- 
bomodulin that is required fer activation of protein C 
by thrombin. The prothrombotic change in flow in- 
volves stasis, which causes thrombin-containing plasma 
to be retained in large vessels rather than rapidly cir- 
culated through thrombomodulin-containing capillary 
beds. The conditions that predispose patients to re- 
current thrombosis are numerous; however, this article 
focuses on inherited deficiencies of coagulation system 
inhibitors and acquired defects, such as the thrombotic 
tendencies associated with adenocarcinoma, defective 
fibrinolysis, and the development of lupus anticoagu- 
lants. 


inherited deficiencies of functional inhibitors 


Deficiencies of antithrombin II, protein C, and pro- 
tein S are inherited in an autosomal dominant pattern 
and have similar clinical manifestations. Patients have 
a high incidence of deep venous thrombosis and are 
therefore at risk for pulmonary emboli. Superficial 
thrombophlebitis occurs in Datients with protein C or 
protein S deficiency but is less common in patients with 
antithrombin IHI deficiency.’ 

Among patients who experience deep venous throm- 
bosis before the age of 40 years, approximately 5% to 
10% are deficient in protein S, 7% are deficient in pro- 
tein C, 2% to 3% are deficient in antithrombin IHI, and 
3% are either deficient in plasminogen or have an ab- 
normal fibrinogen.°® 

Antithrombin III deficiency. Antithrombin III de- 
ficiency, first described in 1965, may cause the initial 
episode of venous thrombosis when the patient is 15 to 
30 years of age.’ Arterial thrombosis is so rare that an 
evaluation for antithrombin IH deficiency in such pa- 
tients is not indicated, especially without a family his- 
tory of venous thrombosis. 

Diagnosis requires measurement of functional activ- 
ity, that is, the ability of the patient’s plasma to inhibit 
thrombin in the presence cf heparin. An immunologic 
assay alone is insufficient for diagnosis because it is 
possible to have normal levels of antithrombin III as 
measured immunologically but to have a dysfunctional 
inhibitor. Detection of an antithrombin IH deficiency 
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in a patient will usually indicate its presence in other 
family members. 

Thrombosis can be prevented by anticoagulation 
with warfarin, which should be continued indefinitely. 
Patients usually do not develop heparin resistance de- 
spite an antithrombin II deficiency. For patients who 
are antithrombin IHI deficient and who are undergoing 
parturition, surgery or other acute trauma, concen- 
trates of purified antithrombin III prepared by 
KabiVitrum, Cutter, or the American Red Cross are 
available, or soon will be, as replacement therapy.* ° 

Protein C deficiency. Data suggest that heterozygous 
protein C deficiency is relatively common in the gene 
pool and is present in about 1 of every 300 persons.!° 
Two types of protein C-deficient families exist. In one 
type protein C-deficient members are at high risk of 
deep venous thrombosis and pulmonary emboli. In the 
second type, the protein C-deficient persons do not 
develop thrombotic complications. These kindreds 
without symptoms are probably the more common. In 
kindreds with thrombotic complications, persons born 
with approximately 50% or greater deficiency of pro- 
tein C are at risk of recurrent venous thrombosis start- 
ing at an average age of 27 years." 

Warfarin-induced skin necrosis occurs within several 
days of the initiation of warfarin therapy.” It is 
very rare and is reported more frequently in women. 
Areas of blackened, thrombosed skin appear over the 
breasts, flanks, or other areas containing fatty tissue. 
Findings of biopsy specimens show small-vessel throm- 
bosis, and laboratory evaluation may reveal a partial 
deficiency of protein C. | 

As noted previously, both proteins C and S are vi- 
tamin K-dependent inhibitors produced by the liver. 
When warfarin is given to a normal subject, the levels 
of factor VII and protein C, both of which have similar 
half-lives (6 to 12 hours), decrease rapidly (Fig. 3). If 
warfarin is given to a patient with congenital protein 
C deficiency, protein C activity may become undetect- 
able within hours, whereas levels of clotting factors, 
such as factor X and prothrombin, are still high. Thus 
the patient is rendered transiently hypercoagulable and 
subject to warfarin-induced skin necrosis. 

The rarity of this condition may be partially ex- 
plained by the fact that many patients already receive 
the anticoagulant heparin and are given smaller doses 
of warfarin than in the past, usually 5 to 10 mg, for 
several days followed by a maintenance dose sufficient 
to prolong the prothrombin time to 1.3 to 1.5 times the 
normal value.‘ In addition, the literature indicates that 
the presence of existing deep vein thrombosis is nec- 
essary for warfarin-induced skin-necrosis to occur. The 
occurrence of skin necrosis in patients with thrombo- 
phlebitis may reflect an underlying hypercoagulable 
state that is caused by the thrombophlebitis-induced 


t 
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Fig. 3. In normal subjects, levels of factor VII (and protein 
C) decrease rapidly to about 25% of normal levels after a large 
dose of warfarin. Levels of other vitamin K-dependent factors 
decrease much more slowly because of their longer half-lives. 
(Modified from Alving BM, Strickler MP, Knight RD, et al. 
Arch Intern Med 1985;145:499-501, copyright 1985, Amer- 
ican Medical Association.) 


inflammation. Alternatively, it may be hypothesized 
that thrombomodulin is relocated to the depths of the 
endothelial cell and replaced at cell surfaces by tissue 
factor capable of triggering the extrinsic pathway. In- 
flammation also affects plasma concentrations of the 
protein S necessary for protein C to fulfill its antico- 
agulant role. These changes could predispose patients 
to further thrombotic complications (e.g., skin 
necrosis). 

Some 14 to 18 cases of homozygous protein C defi- 
ciency presenting as neonatal purpura fulminans have 
been described." Within hours to 1 day of birth, af- 
fected infants develop necrotic areas on the skin, com- 
monly on the buttocks and extremities. The condition 
must be recognized and treated immediately to prevent 
death. Patients can do well with the immediate trans- 
fusion of protein C concentrates or plasma that contains 
protein C and initiation of heparin, followed by long- 
term anticoagulation with warfarin. Of course, possible 
deleterious effects of prolonged warfarin on long-bone 
development are of concern. ° 

Protein S deficiency. Inherited protein S deficiency 
is also associated with deep venous thrombosis. In a 
review of 12 families with this disorder, onset of throm- 
bosis was noted as early as 15 years of age; the mean 
age at onset of clinical manifestations was 28 years.’ By 
age 35 years, there was only a 32% probability of free- 
dom from thrombosis. Fifty-six percent of thrombotic 
episodes were spontaneous; the balance were associated 
with trauma, infection, or surgery. 
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Of six patients with deep venous thrombosis-caused 
by protein S deficiency, some had normal levels of total 
protein S at the initial report; however, all had de- 
creased levels of free protein S.'* Without laboratory 
measurement of free protein S, approximately half of 
all patients with protein S deficiency will go unde- 
tected.” 


Acquired disorders predisposing to thrombosis 


Defective fibrinolysis. A defeczive fibrinolytic system 
may predispose to thrombosis. Defective fibrinolysis is 
a transient condition occurring, for example, after sur- 
gery or infection. Normally, tissue plasminogen acti- 
vator, which is produced by endothelial cells, is released 
when a clot forms; both tissue plasminogen activator 
and plasminogen bind to the fibrin clot. The tissue 
plasminogen activator converts the plasminogen to 
plasmin, which lyses the clot by degrading the fibrin. 
At the same time, a plasminogen activator inhibitor is 
also released by the endothelial cell. Although plas- 
minogen activator inhibitor has a half-life of minutes 
in the circulation, plasma concer trations can increase 
50-fold above normal within hours after exposure to a 
triggering stress, such as an endotoxin.* The high con- 
centration of plasminogen activator inhibitor will com- 
pletely inhibit the available tissue plasminogen activa- 
tor, thereby shutting down the fibrinolytic system and 
rendering the patient unable to undergo fibrinolysis. 
Plasminogen activator inhibitor levels return to normal 
within 2 to 3 days, restoring the Abrinolytic system to 
full function. 

Trousseau’s syndrome. Trousseau’s syndrome, first 
described by Armand Trousseau more than 100 years 
ago, involves a condition of excessive coagulant activity 
associated with adenocarcinoma. Patients have either 
single or multiple episodes of thrombophlebitis, which 
may be arterial, venous, or migratory.” The throm- 
bophlebitis may precede or occur concomitantly with 
the development of the tumor. Trousseau’s syndrome 
is most highly correlated with pancreatic adenocarci- 
noma; however, the largest number of patients have 
underlying adenocarcinoma of the lung. 

Laboratory findings are nonspecific and may include 


‘hypofibrinogenemia, thrombocytopenia, or elevated 


levels of fibrinogen-fibrin degradation products. Clin- 
ically, an underlying adenocarcnoma is suggested 
when recurrent arterial or venous thrombosis is found 
in patients who receive adequate znticoagulation ther- 
apy with warfarin. Long-term heparin therapy, which 
may be administered subcutaneously on an outpatient 
basis, will prevent recurrent thrornbosis, but most pa- 
tients will die of the underlying tumor.” | 
Lupus anticoagulant. The lupus anticoagulant, 
which is first detected by a prolongation of the activated 


-partial thromboplastin time, is an immunoglobulin G 
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or M antibody directed against negatively charged 
phospholipids.” In these patients an antibody also can 
be measured quantitatively in an enzyme-linked im- 
munosorbent assay that contains the negatively charged 
phospholipid cardiolipin. However, correlation of lu- 
pus anticoagulant with levels of immunoglobulin G or 
M cardiolipin antibody is poor. When lupus anticoag- 
ulants are detected, measurements of immunoglobulin 
G or M anticardiolipin antibody should also be per- 


formed if clinically indicated. 


In one recent study of patients with lupus antico- 
agulants, more than 50% of those with high immu- 
noglobulin G or M anticardiolipin antibodies had a 
history of thrombosis.” In contrast, less than 20% of 
those with negative or only moderately positive levels 
of antibodies had such a history: Thrombosis had oc- | 
curred in patients with underlying systemic lupus er- 
ythematosus, lymphoproliferative disorders, or no ap- 


` parent origin for lupus anticoagulants. Patients who 


had lupus anticoagulants in association with medication 
or infection had no history of thrombosis. The asso- 
ciation between lupus anticoagulants and thrombosis ts 
based largely on retrospective data, and only prospec- 
tive studies will provide additional information about 
this correlation.” 

An association has been observed by retrospective 
study between the lupus anticoagulant in the maternal 
plasma and fetal loss in the second trimester of preg- 
nancy. Although placental infarction has been noted in 
some cases, the mechanism of fetal loss is not clear. 
These observations have prompted therapy aimed at 
preventing fetal death in women with the lupus anti- 
coagulant and repeated abortion. Therapy has in- 
cluded low-dose aspirin, a combination of aspirin and 
steroids, or the use of low-dose heparin. There are no 
controlled clinical trials to indicate the effectiveness of 
these measures and no data to indicate that antithrom- 
botic measures should be undertaken during the first 
pregnancy of a woman with the lupus anticoagulant 
who otherwise has no symptoms. Clinical trials in this 
area are underway. 

There is a clinical entity known as the anticardiolipin 
syndrome, in which patients have detectable lupus an- 
ticoagulants and high titers of cardiolipin antibodies 
without any other underlying autoimmune disorder.” 
Such patients appear to be at increased risk for venous 
or arterial thrombosis. Patients with this syndrome are 
at risk of placental thrombosis and thrombocytopenia 
that can be intermittent and sometimes acute. Patients 
also may have aortic or mitral valvulitis, livedo reticu- 
laris, migraine, chorea, epilepsy, chronic leg ulcers, or 
Coombs’ positivity. The syndrome should be consid- 
ered in a patient manifesting any constellation of these 
disorders, especially in those with a history of recurrent 
spontaneous abortions. The syndrome may continue 
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Fig. 4. Levels of functional protein S activity in pregnant women starting at about 12 weeks of 
gestation and in age-matched, nonpregnant women not taking OCs. (From Comp PC, Thurnau 
GR, Welsh J, Esmon CT. Blood 1986;8:881-5, by permission of Grune & Stratton, Inc.) 


indefinitely or progress to systemic lupus erythema- 
tosus. . 

Anticardiolipin antibodies can be measured in a 
number of reference laboratories. Approximately one 
third to one half of the patients with anticardiolipin 
antibodies also have lupus anticoagulant antibodies. 


Effects of pregnancy and OCs on 
protein S levels 


Both free and bound protein S levels decrease early 
in pregnancy, with functional protein S remaining at 
levels of about 40% to 50% of normal levels through 
at least the first few days of the postpartum period (Fig. 
4)?® 7 Because the decrease occurs early and carries 
over into the postpartum period, it does not seem to 
be the result of a simple dilution effect. That this effect 
of pregnancy is likely to be hormonal is supported by 
the observation that women who are not pregnant and 
not taking an OC have significantly more total protein 
S than do OC users (Table 1). 

The mechanism involved appears to serve the phys- 
iologic purpose of guarding against bleeding in preg- 
nancy. Fibrinolytic activity also decreases during preg- 
nancy, again apparently to protect against bleeding 
complications. The predisposition to venous throm- 
bosis and pulmonary emboli associated with pregnancy 
may be an unfortunate side effect of these normal pro- 
tective mechanisms. 

Data are not available to determine whether the 
thrombotic risk associated with pregnancy is increased 
in women who are congenitally deficient in protein S. 
It is known that protein S levels decrease further in 
such women during pregnancy. OCs decrease both free 
and total protein S by about 20%. * This decrease 


Table I. Effect of OCs on protein S levels 


Total protein S antigen 
(ug/ml) 


Men. 30.9 + 3.9 
p<0.01 


Women 28.6 + 3.9 


p < 0.005 


Women taking OCs 24.3 + 3.6 


probably has little or no clinical significance in women 
with normal protein S levels, but may be clinically sig- 
nificant in women with a congenital deficiency. The 
potential risk may be compounded by smoking; it has 
been shown that men who smoke have significantly 
lower total protein S levels than age-matched men who 
are nonsmokers. 


Evaluation of women before initiation of OCs 


Protein S levels should not be routinely measured 
before deciding on the use of an OC in an individual 
patient. The minuscule risk of thrombotic complica- 
tions associated with OC use does not justify the cost 
of routine testing. Furthermore, no prospective study 
has been done to establish the value of measurements 
of steady-state protein S levels as a predictor of risk. . 

Women with a history of documented venous throm- 
bosis should not be given OCs. In deciding to give OCs 
to patients with a family history of documented venous 
thrombosis, the physician should weigh factors such as 
the age of the affected family members at the time of 
onset of thrombosis, the clinical setting (postoperative, 
after trauma, and so forth), and the severity of the 
thrombotic episodes. Smoking greatly compounds the 
risk of thrombotic complications in OC users, and if 
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the patient with a strong family history of venous 
thrombosis smokes cigarettes, this would discourage 
use of this form of contraception. 

In the rare event that a patient develops thrombotic 
complications while taking OCs, a search for an un- 
derlying abnormality in the coagulation system is war- 
ranted after the OC is discontinued. Antithrombin ITI, 
protein C, protein S, and a baseline-activated partial 
thromboplastin time (aPTT) (to screen for a lupus an- 
ticoagulant) should be measured. If these are normal, 
plasminogen and fibrinogen levels should subsequently 
be measured. A low fibrinogen level should be followed 
by antigenic or gravimetric determinations of fibrino- 
gen to determine if a fibrinogen molecule that does not 
clot properly is present. 

Detection of the lupus anticoagulant is primarily 
based on prolongation of the aPTT. The reagents used 
for this assay vary markedly in sensitivity to the lupus 
anticoagulant, and the presence of a relatively weak 
lupus anticoagulant may go unnoticed if insensitive re- 
agents are used. In patients who have deep vein throm- 
bosis, it is essential to obtain a blood sample before 
heparin therapy to rule out the presence of a lupus 
anticoagulant. Ifa prolonged aPTT was present before 
heparin was started, subsequent heparin therapy could 
be subtherapeutic if adequate heparin was not admin- 
istered to significantly prolong the baseline aPTT. 


Thrombosis and pregnancy 


Venous thrombosis during pregnancy presents a par- 
ticularly difficult management problem. Careful doc- 
umentation that deep venous clots are present should 
be carried out. A venogram with proper shielding of 
the pelvis should give readily interpretable results. 
Noninvasive studies can be relied on if the laboratory 
performing the tests is familiar with the changes in 
venous flow that can result from normal pregnancy 
alone. Venous duplex scanning is the preferred non- 
invasive method. Treatment on an inpatient basis— 
intravenous heparin for 5 to 7 days followed by ther- 
apeutic doses of heparin, which significantly prolongs 
the aPTT—is probably the most practical course of 
action. Warfarin should not be used. Heparin therapy 
should be stopped before delivery to allow the aPTT 
‘to return to normal. This would involve a 6- to 8-hour 

.period with subcutaneous heparin and 3 to 4 hours 
with intravenous heparin therapy. Heparin should be 
reinstituted as soon as possible after delivery, and sub- 
cutaneous heparin should be continued into the post- 
partum period to prevent recurrence of clots.” 

In women with a history of thrombosis during preg- 
nancy, the routine use of heparin to prevent deep vein 
thrombosis during subsequent pregnancies remains 
controversial. An alternative approach is to perform 
baseline noninvasive testing on these patients because 
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residual venous damage may exist and to follow the 
patient closely. Prophylactic heparin should strongly be 
considered during the postparum period. 

Special considerations should be given to performing 
surgery on women who take OCs. Discontinuation of - 
the OC 1 month before elective surgery is often difficult 
and carries the risk of early pregnancy at the time of 
the procedure. If surgery is planned for women taking 
OCs, prophylactic measures to prevent postoperative 
deep vein thrombosis should be considered. ‘These 
measures include specific orders for early ambulation 
as well as some other preventive measures, such as sub- 


‘cutaneous administration of heparin or intermittent 


pneumatic leg compression. 
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Preclinical evaluation of norgestimate, a progestin with 


minimal androgenic activity 


Audrey Phillips, PhD, Do Won Hahn, PhD, and John L. McGuire, PhD 
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Norgestimate is a novel progestin with highly selective progestational activity and minimal androgenicity. In 
rabbits, norgestimate binds to uterine progestin receptors, stimulates the endometrium, and inhibits 
ovulation. Norgestimate acts directly on target organs, stimulating rabbit endometrium when injected into 
the uterine cavity and inhibiting luteinizing hormone-releasing hormone-stimulated luteinizing hormone 
release in dispersed rat pituitary cells in culture. Norgestimate has no estrogenic activity, and like other 
progestins, it suppresses the action of estrogen. Unlike some other progestins, it is relatively free of 
androgenic activity. Norgestimate and its 17-deacetylated metabolite demonstrate very poor affinity for 
androgen receptors compared with levonorgestrel and gestodene and do not exhibit ancrogenic activity 
when measured as the stimulation of prostatic growth in immature rats. Norgestimate’s lack of affinity for 
human sex hormone-binding globulin is further evidence of its minimal androgenicity. (Am J OBSTET 


GYNECOL 1992:167:1191-6.) 


Key words: Norgestimate, progestin selectivity, androgenicity 


The progestin components of some oral contracep- 
tives (OCs) have been reported to be associated with 
undesirable changes in lipid and lipoprotein metabo- 
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lism." It is believed that the adverse reductions in se- 
rum levels of high-density lipoprotein cholesterol in 
women receiving some OCs is the result of the andro- 
genic activity of the progestin.* Therefore research ef- 
forts have been directed at reducing the androgenicity 
of the progestin. 

The desired pharmacologic property of progestins 
used in OCs is progestational activity. Undesired ex- 
traneous pharmacology, such as androgenic activity, 1s 
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Fig. 1. Relative binding affinity for rabbit uterine progestin receptors measured as displacement of 
*H-R5020. (Data from Phillips A, et al. Contraception 1990;41:399-410.) 


100 


è 8 8 


NS 
© 


Percent of rabbits ovulating 





15.6 31.2 625 125 250 500 1000 2000 4000 


Oral dose (g/kg) 


Fig. 2. Inhibition of ovulation after a single oral treatment to rabbits. (Modified from Phillips A, et 


al. Contraception 1987;36:181-92.) 


not necessary for contraception and serves only to in- 
crease the potential for side effects. The degree to 
which progestational potency is maximized and andro- 
genic potency is minimized is a measure of progestin 
selectivity. The goal of the discovery efforts leading to 
norgestimate (NGM) has been improved selectivity. 

Preclinical evaluations have demonstrated NGM’s 
improved selectivity compared with other progestins, 
and comparative clinical trials have confirmed its min- 
imal androgenicity in women. Tne preclinical param- 
eters measured include receptor binding affinities, ovu- 
lation suppression, endometrial stimulation, and estro- 
genic, antiestrogenic, and andrcgenic activities. Test 
results are reviewed in this article. 


Receptor binding affinity 

For a progestin to exert a biologic effect, it must first 
bind to progestin receptors. NGM’s progestin receptor 
binding affinity has been determined by its ability to 
displace >H-R5020, a radiolabeled progestin, from rab- 
bit uterine progestin receptors in vitro. The relative 
binding affinities of NGM and its major metabolite, 17- 
deacetylated norgestimate® for the progestin receptor 
have been shown to be comparable with that of the 
natural hormone, progesterone (Fig. 1).’ 


Ovulation suppression 


Ovulation suppression is an important action of a 
progestin and key to its contraceptive activity. Proges- , 
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Fig. 3. Stimulation of the endometrium in immature estroger-primed rabbits. (Data from Phillips 


A, et al. Contraception 1987;36:181-92.) 


tins inhibit ovulation mainly by blocking the preovu- 
latory luteinizing hormone (LH) surge. In rabbits, 
NGM effectively inhibits ovulation after administration 
of a single treatment before the LH surge. The relative 
potency of NGM in this test is intermediate between 
that of norethindrone and levonorgestrel (LNG) (Fig. 
2)." NGM also has been shown to suppress ovulation in 
rats,” hamsters, and mice (unpublished data). 

Additional evidence obtained in rats indicates that 
NGM, like other progestins, blocks ovulation by acting 
on the hypothalamic/pituitary axis. NGM has been 
shown to act directly on rat pituitary cells in culture,” 
and the antiovulatory effects of NGM in rats have been 
shown to be reversible with LH-releasing hormone (un- 
published data). 


Endometrial stimulation 


Stimulation of the endometrium with NGM is accom- 
plished either through oral or parenteral administra- 
tion. NGM stimulates the endometrium of estrogen- 
primed immature rabbits after 5 days of oral admin- 
istration with a potency of about 25% that of LNG (Fig. 
3).° In the same rabbit model, NGM’s potency is about 
35% that of LNG when administered subcutaneously, 
illustrating that the progestational potency of NGM in 
this test is independent of first-pass oral metabolism. 
NGM has also been shown to stimulate rabbit endo- 
metrium when injected directly into the uterine cavity." 

The ability to maintain pregnancy in ovariectomized 
rats by replacement therapy with a progestin represents 
another measure of endometrial progestin support. 
NGM administered daily on days 8 through 17 effec- 
tively maintains pregnancy in rats ovariectomized on 
day 8 and is 1.6 times more potent than LNG in this 
model.® 


Estrogenic activity 


NGM is inactive in a series of estrogenic test systems. 
It does not bind to estrogen receptors in vitro and ex- 
hibits no estrogenic activity in vivo. NGM administered 
to rats at doses up to 800 mg/kg does not stimulate 
cornification of vaginal cells, a routine estrogenic bioas- 
say in which estrone produces cornification in all rats 
at a dose of 15 wg/kg (unpublished data). 


Antiestrogenic activity 


All progestins inhibit the action of estrogen. This is 
believed to be mainly a progestin receptor-mediated 
event that results in the inhibition of estrogen receptor 
synthesis. This inhibitory action of progestins is very 
important to their contraceptive efficacy. The anties- 
trogenic efficacy of NGM and other progestins has been 
shown by their ability to inhibit estrogen-induced vag- 
inal cornification in ovariectomized rats." 


Androgenic activity 


The preclinical assessment of androgenic activity for 
a progestin is important and appears to be predictive 
of clinical effects such as undesirable disturbances in 
lipid metabolism. 

Unlike other progestins, NGM exhibits no greater 
activity and potency in androgenic test systems than 
progesterone. Tae preclinical parameters tested in- 
clude binding to androgen receptors, stimulation of 
prostatic growth, and binding zo human sex hormone- 
binding globulin (SHBG). Of significance is the cor- 
relation of these preclinical androgenic measurements 
of NGM with its minimal androgenicity observed in 
clinical studies investigating fluctuations in SHBG 
levels. 


1194 Phillips et ai. 


Progesterone Y 005 


Norgestimate  .003 


17-Deacetylated Norgestimate Z .013 


October 1992 
Am J Obstet Gynecol 


Gestodene YY YY) -154 
Levonorgestrel 7; -220 


pe tesieto ne eGR GGG yy 


à ‘ 


[f—A 


10 15 20 :25 1.000 


Fig. 4. Relative binding affinity for rat prostatic androgen receptors measured as displacement of 
*H-dihydrotestosterone: (Data from Phillips A, et al. Contraception 1990;41:399-410.) 
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Fig. 5. Stimulation of ventral prostate growth in immature castrated rats. (Data from Phillips A, et 


al. Contraception 1987:36:181-92.). 


Binding to androgen receptors. For a steroid to in- 
duce an androgenic response, it must first bind to an 
androgen receptor. Androgen receptor binding affinity 
is demonstrated by the ability to displace *H-dihydro- 
‘testosterone from rat prostatic receptors in vitro (Fig. 
4).’ The relative binding affinities of NGM and its 17- 
deacetylated metabolite have been shown to be only 
0.003 and 0.013 times that of dihydrotestosterone, re- 


spectively. In marked contrast are the relative binding | 


affinities for LNG and gestodene of 0.220 and 0.154 
times that of dihydrotestosterone, respectively.’ 
A cornerstone of the evaluation of a therapeutic 


agent in any drug class is the determination of selec- 
tivity that is related to the potential for side effects. 
Selectivity is measured as the difference between the 
doses at which the undesired and desired effects are 
achieved, with a greater difference in these doses dem- 
onstrating improved selectivity. A selective progestin 
exhibits androgenic effects at only relatively high con- 
centrations or doses and progestational effects at rel- 
atively low concentrations or doses. The improved se- 
lectivity of NGM is demonstrated by the difference be- 
tween its androgen and progestin receptor binding 
concentrations (androgen/ progestin ratio) compared 
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Fig. 6. Relative binding affinity for human SHBG measured as displacement of *H-testosterone. 
(Data from Phillips A, et al. Steroids 1990;55:373-5.) 


with other progestins (Table 1)” The androgen/pro- 
gestin ratios of NGM and its 17-deacetylated metabolite 
are 219 and 48, respectively, and greater than those of 
LNG and géstodene (11 and 28, respectively). 

Stimulation of prostate growth. The prostate is very 
sensitive to androgenic stimulation, and a measurement 
of androgenicity is the stimulation of ventral prostate 
growth in immature castrated rats. After 7 days of either 
oral or subcutaneous administration of various proges- 
tins, NGM’s potency in this androgenic test system has 
been found to be comparable with that of progesterone 
and significantly less than that of LNG (Fig. 5).° 

Binding to SHBG. In addition to exerting an an- 
drogenic effect directly by binding to target organ an- 
drogen receptors, a progestin may also cause andro- 
genic effects indirectly by binding to SHBG, a glyco- 
protein that. carries androgens in the blood. 
Testosterone is inactive when bound to SHBG. A pro- 
gestin that binds to and displaces testosterone from 
SHBG can result in an elevation in the levels of free 
active testosterone. Therefore the affinity of a proges- 
tin for SHBG is considered a measurement of its po- 
tential for androgenic effects through testosterone. 
NGM and its 17-deacetylated metabolite exhibit vir- 
tually no affinity for human SHBG in vitro with con- 
centrations up to 10,000 nM not significantly displacing 
*H-testosterone from SHBG (Fig. 6).'! This is in 
marked contrast to LNG and gestodene, which displace 
*H-testosterone from SHBG at nanomolar concentra- 
tions with relative binding affinities of 0.87 and 2.02 
times that of testosterone, respectively.” 

Changes in SHBG plasma levels in women. SHBG 
levels in women during use of combined OCs are used 
as a measurement for relative estrogenic and andro- 
genic activities, because estrogens elevate and andro- 


Table I. Androgen/progestin binding ratios 





IC 50> nM 


Levonorgestrel 9 0.80 ll 

Gestodene 13 0.47 28 

17-Deacetylated 222 4.6] 48 
norgestimate 

Progesterone 401 4.33 93 

Norgestimate 764 3.48 219 


Data from Phillips, et al. Contraception 1990;41:399-410. 


IC59, Concentration of progestin at which 50% displacement 
of legand was achieved; A/P, androgen IC59/progestin ICs, 
ratio. 


gens lower SHBG levels." Therefore the estrogen 
component of a combined product elevates SHBG 
levels. If the progestin component is not androgenic, 
levels will remain elevated, and if the progestin com- 
ponent is androgenic, the estrogen-induced elevation 
of SHBG levels will be suppressed. 

In a comparative study of 40 women, it has been 
shown that after four cycles of treatment, NGM does 
not appreciably inhibit estrogen-induced elevations in 
SHBG levels (161% change from pretreatment levels 
after NGM/ethinyl estradiol [EE], 250/35 we).® These 
increased levels of SHBG associated with the NGM/EE, 
product provide clinical evidence of NGM’s minimal 
androgenicity. In contrast, the relatively lower SHBG 
levels observed in women with an LNG-containing 
product (26.2%. change from pretreatment levels after 
LNG/EE, 150/30 ug) indicate that LNG, presumably 
through its androgenicity, has reduced the estrogen- 
induced elevation in SHBG levels. 

In conclusion, preclinical testing has revealed NGM 
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to be a selective progestin on the basis of reduced an- 
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A norgestimate-containing oral contraceptive: Review of 
clinical studies 


Michael Edwin Kafrissen, MD, MSPH. 


Raritan, New Jersey 


Despite the well-documented efficacy and safety of low-dose oral contraceptives, the development of 
newer formulations containing highly selective progestins with minimal or no androgenic activity has been 
a goal of pharmaceutical research. The efficacy and safety of norgestimate, a progestin with inherently low 
androgenicity, in combination with ethinyl estradiol, has been examined in several phase Il and phase I! 
clinical studies, and these are reviewed. Norgestimate/ethinyl estradiol has proved to be a low-dose cral 
contraceptive with high selectivity that provides the cycle control of older oral contraceptive formulations 
with comparable efficacy. Results of comparison studies between norgestimate/ethinyl estradiol and 
formulations containing norgestrel, a progestin with relatively greater androgenic activity, in combination 
with ethiny! estradiol, are reported for effects on lipid and lipoprotein levels and carbohydrate metabolism. 
Norgestimate/ethinyl estradiol consistently produced statistically significant increases in high-density 
lipoprotein cholesterol and improvement in the ratio of low-density lipoprotein cholesterol to high-density 
lipoprotein. In contrast, norgestrel/ethiny estradiol produced statistically significant decreases in 
high-density lipoprotein cholesterol and potentially adverse changes in the low-density/high-density 
lipoprotein ratio. Phase I! studies have confirmed that norgestimate/ethinyl estradiol has low androgeric 
activity and causes minimal effect on coagulation factors and carbohydrate metabolism. (Am J OBSTET 
GYNECOL 1992;167:1196-202.) 


Key words: Cilest, Ortho-Cyclen, lcw-dose oral contraceptives, norgestimate, low 
androgenicity 
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With reversible, safe, and effective birth control as 
the objective, oral contraceptives (OCs) have been stud- 
ied mere widely than any other pharmacologic agents. 
An important step in their development was the intro- 
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duction of low-dose, fixed estrogen/progestin combi- 
nations, which dramatically reduced the incidence of 
adverse reactions associated with early preparations. 
Lowering the estrogen content to one fifth of the orig- 
inal dose sharply decreased the risk of thromboembolic 
events; lowering the progestin content resulted in sub- 
Sstantive improvement in metabolic profiles. Currently, 
in healthy women under 30 years of age and in non- 
smokers up to menopause, OC use provides effective 
birth control associated with few problems compared 
with those of an unintended pregnancy and affords 
certain health benefits as well. 

Recent efforts have focused on fine-tuning OCs to 
minimize their contribution to risk factors associated 
with the development of cardiovascular disease. In 
early studies of OCs, it became evident that the various 
progestins used may have androgenic and estrogenic 
activity as well as progestational activity. It is the effects 
of progestins on lipoprotein metabolism that are most 
readily linked to possible increased long-term cardio- 
vascular risk with OC use: progestins tend to increase 
low-density lipoprotein (LDL) cholesterol and decrease 
high-density lipoprotein (HDL) cholesterol, including 
the cardioprotective HDL;. More pronounced effects 
are seen with progestins that have greater androgenic 
activity." Their adverse eifects are most pronounced 
on HDL, HDL., and apoprotein A-I. 

Carbohydrate metabolism is also sensitive to the an- 
drogenicity of OC progestins. Fixed-dose, combined 
OCs may increase insulin resistance, resulting in ele- 
vated plasma glucose and plasma insulin levels in re- 
sponse to a glucose load depending on the potency of 
the progestin and the dose given.” Insulin resistance is 
another potential contributor to long-term cardiovas- 
cular risk. . 

In general, low-dose OCs appear to affect coagula- 
tion minimally; anticoagulant and procoagulant effects 
have been noted. Other factors have substantial effects 
- on coagulation, such as smoking, obesity, family history, 
and blood type.* However, current use of OCs remains 
a risk factor for acute-event cardiovascular risk. 

The prudent choice of OC remains a low-dose, low 
androgenicity formulation that is compatible with good 
safety, efficacy, and tolerability. Development of a se- 
lective progestin with a targeted response and minimal 
androgenicity would be a step forward in efforts to 
eliminate the adverse metabolic effects associated with 
OC use. A novel progestin, norgestimate (NGM) in a 
dose of 250 wg, has been combined with 35 wg of ethinyl 
estradiol (EE) in a new OC, NGM/EE (Ortho-Cyclen). 
A number of phase II and phase III clinical studies 
have been conducted in the United States and Europe 
to assess the efficacy, safety, and tolerability of this for- 
mulation. This article summarizes the results of those 
studies. 
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Efficacy 


In the largest clinical trial conducted to date, 59,701 
women were studied over 342,345 cycles (data on file 
at R.W. Johnson Pharmaceutical Research Institute, 
Raritan, N.J.). Statistical analysis indicated a use-effi- 
cacy Pearl index of 0.25 for NGM/EE. In double-blind, 
randomized clinical trials comparing NGM/EE and a 
reference preparation, Lo Ovral, containing norgestrel, 
300 pg, and ethinyl estradiol, 30 wg (NG/EE), there 
were no Statistically significant differences in use or 
theoretic efficacy as determined by both Pear] and life- 
table analyses. 


Safety 


Lipid/lipoprotein changes. NGM/EE was compared 
with NG/EE in two double-blind multicenter, random- 
ized clinical trials. Combined results have been re- 
ported previously.> Subjects totaled 1473 women ran- 
domly assigned to receive NGM/EE (736 women) or 
NG/EE (737 women) for 24 treatment cycles. Each cy- 
cle entailed a course of 21 days on treatment followed 
by 7 days off medication. 

Differences between the two study groups were seen 
in the effects on lipid metabolism as assessed in fresh 
subjects, women who had not used an OC for 3 months 
before initiation of the study. NGM/EE elevated HDL 
cholesterol serum levels in fresh subjects. Mean levels 
rose steadily, beginning with treatment cycle 3 (4.9% | 
over baseline) and continuing through the twenty- 
fourth cycle (to a high of 10.8%). The increase was 
statistically significant at each cycle. In contrast, the 
subjects using NG/EE experienced a fall in HDL cho- 
lesterol] levels over the study, ranging from a low of 
— 10.0% at the third treatment cycle to —7.8% at the 
twenty-fourth cycle. These changes were also statisti- 
cally significant. Statistically significant changes of even 
greater magnitude were noted when all subjects (versus 
fresh subjects only) were included in the analysis. 

NGM/EE proved to have a much lesser effect on LDL 
cholesterol serum levels in fresh subjects than did 
NG/EE. Although both patient groups showed a 
similar rise in LDL cholesterol at the third treatment 
cycle, these values began falling in subjects receiving 
NGM/EE. After cycle 24, LDL cholesterol levels were 
4.3% above baseline, a statistically nonsignificant 
change. In contrast, LDL cholesterol levels continued, 
to rise in subjects receiving NG/EE, reaching a high of 
15.6% above baseline by cycle 24, a statistically sig- 
nificant change. 

The LDL/HDL ratio is a useful predictor of cardio- 
vascular risk. The higher the ratio, the greater the risk. 
Lowering of the LDL/HDL ratio by NGM/EE reflects 
the dramatic increase in HDL cholesterol and minimal 
effect on LDL cholesterol caused by this OC (Fig. 1). 
In contrast, NG/EE caused a marked rise in this ratio 
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of 18.3% by treatment cycle 3 and 26.6% by the twenty- 
fourth cycle. Differences were statistically significant at 
all evaluation points. 

Estrogen increases serum igiveende levels. Andro- 
genic progestins such as NG generally reverse this in- 
crease, whereas selective, low androgenic progestins’ 
(e.g. NGM) have less effect. The NG-containing OC, 
NG/EE, reversed the estrogen-induced increase in se- 
rum triglyceride levels, causing an initial. reduction 


= ng/mL 





Control Gycle 3 `- Cycle 6 from baseline of —4.9% at treatment cycle 3, falling to 
cycle | x , -glow of + 8.9% by cycle 12. In contrast, the NGM- 
(n=19) (n=16) (n=12) — containing OC, NGM/EE, caused a slight rise in serum 


triglyceride levels, which gradually returned to baseline 
by treatment cycle 12 (Fig. 2). Several Phase II studies 
were conducted to determine the effects of NGM/EE 


Fig. 3. Fibrinopeptide A concentration was unchanged over 
- 6 months of NGM/EE treatment in ne phase II coagulation 
sa 
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Fig. 5. Levels of PGI, increased with NGM/EE use. 


on biochemical parameters, including carbohydrate 
metabolism and coagulation factors. 

Carbohydrate metabolism. A decrease in glucose tol- 
erance has been observed in women taking OCs. The 
effect of NGM/EE on carbohydrate metabolism was 
evaluated by Kaiser over six cycles and during follow- 
up among 21 healthy, ovulating women who had never 
used OCs or had discontinued OCs for at least 3 months 
before the study.® There were no significant changes 
in basal fasting glucose values. After oral glucose load- 
ing, slight increases in serum glucose levels occurred 
at |] hour. At the 2 hour interval, levels had returned 
to baseline: Hemoglobin A,, values, a reflection of long- 
term serum glucose concentrations, were unchanged 
by NGM/EE. 

There were no significant changes in basal insulin 
values during treatment. A slight increase during cycle 
3 was followed by a smaller increase at the sixth treat- 
ment cycle and a return to pretherapy levels during 
follow-up. These changes in insulin resistance appear 
to be modest relative to those reported for other OCs. 


However, clarification of the effect awaits randomized 
trials. 
Coagulation. The risk of thromboembolism m OC 


users is in part related to the dose of estrogen. Factor 
VII activity, whick promotes coagulation, is higher in 


users of OCs as a dose-related effect of estrogen.” 3 
Increases in fibrinogen, another coagulation enhancer, 
have also been linked to estrogen dose, as have 
modest decreases in antithrombin III, a coagulation 
inhibitor.®° The effect of NGM/EE on coagulation was 
evaluated by Anger® over six cycles in 19 healthy young 
women who had not used OCs for the previous 3 
months. The concentration of hbrinopeptide A, a very l 
sensitive marker of coagulation system activation, was 
unchanged during treatment with NGM/EE (Fig. 3). 
The anticoagulant factors antithrombin IH (Fig. 4) 
and protein C remained stable throughout the study. 
The coagulation-promoting factors fibrinogen, factor 
VII, and factor VIII also remained essentially un- 
changed. 

The mechanisms that account for an increased risk 
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Fig. 6. SHBG levels in phase 11 study. (Data from Becker H. 
Acta Obstet Gynecol Scand Supp! 1990;152:33.) 


of occlusive vascular disease in OC users have yet to be 
clarified. Among potential mechanisms are the follow- 
ing: a decrease in serum HDL cholesterol and a re- 
duction in the level of the vasodilative and antiaggre- 
gatory prostaglandin prostacyclin (PGI,), along with a 
rise in levels of its antagonist, thromboxane A, (TXA»). 
` In a study. of 20 healthy women given NGM/EE 
through six cycles, the production of PGI, was evalu- 
ated by determinations of two urinary F, prostaglan- 
dins: dinor (2,3 dinor-6-keto-prostaglandin F,,) and 6- 
keto (6-keto-prostaglandin F,,) (data on file at the 
R. W. Johnson Pharmaceutical Research Institute). 
HDL (including HDL,) cholesterol and PGI, levels in- 
creased significantly in this study (p < 0.01), suggesting 
that HDL-cholesterol regulation of PGI, is not affected 
by the norgestimate-containing OC (Fig. 5). The study 
also'confirmed that NGM did not affect thromboxane 
Be (TXB,) levels or the capacity of platelets to produce 
TXB, urinary excretion of which is thought to reflect 
platelet-derived TXA, synthesis. Thus although HDL, 
cholesterol may be associated with PGI, regulation, it 
had no effect on TXA, synthesis. The increase in PGI, 
and HDL cholesterol during OC use may be beneficial 
„as it relates to the reduction of a cardiovascular risk 
factor. — Ek 


Endocrine function 

Sex hormone-binding globulin (SHBG) levels are an 
indicator of a drug’s androgenic potential and are in- 
versely related to free testosterone levels. Elevations of 
free testosterone are associated with side effects such 
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Fig. 7. Free testosterone levels. (Data from Becker H. Acta 
Obstet Gynecol Scand Suppl 1990;152:33.) 


as weight gain. Androgenic progestins will inhibit es- 
trogen-induced elevations of SHBG. The NGM/EE 
formulation’s lack of androgenicity was documented in 
Kaiser’s study. NGM/EE caused a continuous increase 
in SHBG during treatment, with a peak value at cycle 
6 three times higher than controls ( Fig. 6). As expected, 
the absolute concentration of free testosterone de- 
clined, and at cycles 3 and 6, it was significantly lower 
than pretherapy values (Fig. 7). 

In this same study, prolactin levels remained un- 
changed from baseline, indicating that NGM/EE is a 
hormonally well-balanced preparation. An elevated 
prolactin level may reflect estrogen dominance. 

In a comparison study on the endocrine system, 40 
healthy, ovulating women 18 to 40 years old were ran- 
domly assigned to receive NGM/EE or NG/EE." Treat- 
ment consisted of a pretherapy control cycle, four cycles 
of therapy, and one posttherapy cycle. Comparison of 
SHBG levels revealed distinct differences. Although 
pretherapy measurements were comparable in the two 
cohorts, they diverged greatly once OC use began. By 
the fourth cycle, mean SHBG levels had more than 
doubled in the NGM/EE group while increasing only 
about 10% among NG/EE users. The difference from 
pretherapy values was highly statistically significant for 
NGM/EE (p = 0.0007). These findings support the re- 
sults of the combined phase III studies in 1473 women 
demonstrating the low clinical androgenicity of 
NGM/EE. 

Consistent with these results, reports from the large 
clinical study of NGM/EE in 59,701 women continue 
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Fig. 8. Breakthrough bleeding and spotting for all cycles in the comparative study of NGM/EE and 
NG/EE. (Data from Corson SL. Acta Obstet Gynecol Scand Supp! 1990; 152:33.) 
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Fig. 9. Incidence of breakthrough bleeding in comparative study. 


to show a low incidence of weight gain, hirsutism, and 
acne. Indeed, an overall improvement in acne was seen 
when pretherapy versus cn-therapy experience was 
compared. i 


Tolerability 

How consistently a formulation is used depends in 
large part on how well it is tolerated. Factors affecting 
tolerability include side effects and bleeding patterns. 
Although adverse effects associated with androgenicity 
were low in both treatment groups in the comparative 
study of NGM/EE and NG*EE, there was a difference 
for acne and weight gain. Acne occurred in 0.53% of 
cycles with NGM/EE versus 1.02 with NG/EE. Weight 
gain was the cause of discontinuation in 1.0% of subjects 


taking NGM/EE (7 of 736) versus 1.4% of those taking 
NG/EE (10 of 7377).? 

Cycle control. Bleeding patterns were recorded in 
the comparative study of NGM/EE and NG/EE in 1473 
women.® The incidence of breakthrough bleeding and 
spotting was similar for both preparations during cycles 
l through 6, 7 through 12, and 13 through 24, and 
differences were not significant (Fig. 8). In both 
groups, breakthrough bleeding and spotting followed ` 
the expected clinical course; episodes were more prev- 
alent during the first six cycles of OC use and gradually 
declined thereafter in both cohorts. Examination of the 
first four cycles individually for breakthrough bleeding 
revealed no statistically significant differences, with 
very low rates for each group (Fig. 9). Summarization 
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Fig. 10. Incidence of single amenorrheic cycles in comparative study. (Data from Corson SL. Acta 


Obstet Gynecol Scand Suppl 1990; 152:33.) 


of sii of breakthrough bleeding beyond cycle 4 con- 
tinued to show no change through cycle 6. 

Failure to experience withdrawal bleeding after a 21- 

day pill-taking cycle was a rare event with both for- 


mulations, although there was a consistent advantage 


with NGM/EE (Fig. 10). By the twenty-fourth treat- 


ment cycle, 1.4% of NG/EE users had experienced at » 


least one single amenorrheic cycle compared with 0.4% 
of NGM/EE users. The incidence of amenorrhea—de- 
fined as two consecutive treatment cycles without men- 
ses-—was even lower (0.8% with NG/EE and 0% with 
NGM EE). 

Duration of menses remained almost unchanged 
from the natural cycle during therapy. With NGM/EE, 
pretherapy menses lasted 5.5 days, whereas on-therapy 
withdrawal bleeding lasted 4.9 days. With NG/EE, 
pretherapy menses lasted 4.9 days, whereas on-therapy 
withdrawal bleeding lasted 4.2 days. 


Comment 


Cardiovascular disease remains the leading cause of 
death among women in the developed world. The life- 
time metabolic profile, in particular the lipid profile, is 
a major contributor to lifetime risk. Prescribing of OC 
formulations that do not worsen that profile has come 
to represent the prudent choice in hormone use. Sev- 
eral clinical studies have demonstrated NGM’s lack of 
_ androgenicity and concomitant low incidence of side 
effects in a highly efficacious OC having excellent cycle 
control. An improved LDL/HDL ratio resulting from 


an increased HDL and minimal effect on LDL attests 
to its benign influence on the lipid profile: NGM does 
not negate the favorable effects of estrogen. NGM ap- 
pears to be a valuable addition to the hormonal ar- 
mamentarium. 
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Brief Summary: 

Contraindications: Patients who have had allergic reactions to NAPROSYN® ANAPROX® or ANAPROX® DS 
or in whom aspirin or other NSAIDs induce the syndrome of asthma, rhinitis, and nasal polyps. Because 
anaphylactic reactions usually occur in patients with a history of such reactions, question patients for 
asthma, nasal polyps, urticaria, and hypotension associated with NSAIDs before starting therapy. If such 
symptoms occur, discontinue the drug. 

Warnings: Serious GI toxicity such as bleeding, ulceration, and perforation, can occur at any time, with 
or without warning symptoms, in patients treated chronically with NSAIDs. Remain alert for ulceration 
and bleeding even in the absence of previous GI tract symptoms. In clinical trials, symptomatic upper Gl 
ulcers, gross bleeding or perforation occur in about 1 % of patients treated for 3-6 months, and in about 
2-4 % of patients treated for one year. Inform patients of signs and/or symptoms of serious GI toxicity and 
what steps to take if they occur. 


Studies have not identified any subset of patients not at risk of developing peptic ulceration and bleed- 


ing. Except for a prior history of serious GI events and other risk factors associated with peptic ulcer 
disease, such as alcoholism, smoking, etc., no risk factors (e.g., age, sex) have been associated with 
increased risk. Elderly or debilitated patients seem to tolerate ulceration or bleeding less well and most 
spontaneous reports of fatal GI events are in this population. In considering the use of relatively large 
doses (within the recommended dosage range), sufficient benefit should be anticipated to offset the 
potential increased risk of GI toxicity. 

Precautions: DO NOT GIVE NAPROSYN® (NAPROXEN) CONCOMITANTLY WITH ANAPROX® OR 


ANAPROX® DS (NAPROXEN SODIUM) SINCE THEY CIRCULATE IN PLASMA AS THE NAPROXEN ANION. 
Acute interstitial nephritis with hematuria, proteinuria, and nephrotic syndrome has been reported. 


Patients with impaired renal function, heart failure, liver dysfunction, patients taking diuretics, and the 
elderly are at greater risk of overt renal decompensation. If this occurs, discontinue the drug. Use with 
caution and monitor serum creatinine and/or creatinine clearance in patients with significantly impaired 
renal function. Use caution in patients with baseline creatinine clearance less than 20 ml/minute. Use 


the lowest effective dose in the elderly or in patients with chronic alcoholic liver disease or cirrhosis. 


Borderline elevations of liver tests may occur in up to 15% of patients. Elevations of SGPT or SGOT 
occurred in controlled trials in less than 1% of patients. Severe hepatic reactions, including jaundice and 
fatal hepatitis, have been reported rarely. If liver disease develops or if systemic manifestations occur 


(e.g., eosinophilia or rash), discontinue therapy. If steroid dosage is reduced or eliminated during therapy, 
do so slowly and observe patients closely for adverse effects, including adrenal insufficiency and exacer- 


bation of arthritis symptoms. Determine hemoglobin values periodically for patients with initial values of 
10 grams or less who receive long-term therapy. Peripheral edema has been reported. For patients with 


restricted sodium intake, note that each tablet contains approximately 25 or 50 mg (1 or 2 mEq) sodium. 


Use with caution in patients with fluid retention, hypertension or heart failure. The drug may reduce fever 


and inflammation, diminishing their diagnostic value. Conduct ophthalmic studies if any change or distur- 


bance in vision occurs. Information for Patients: Side effects can cause discomfort and, rarely, more 


serious side effects, such as GI bleeding, may result in hospitalization and even fatal outcomes. Physi- 


cians may wish to discuss with patients potential risks and benefits of NSAIDs, particularly when they are 
used for less serious conditions where treatment without NSAIDs may be acceptable. Patients should 


use caution for activities requiring alertness if they experience drowsiness, dizziness, vertigo or depres- 
sion during therapy. Laboratory Tests: Because serious Gl tract ulceration and bleeding can occur with- 


out warning symptoms, follow chronically treated patients and inform them of the importance of the 


follow-up. Drug Interactions: Use caution when giving concomitantly with coumarin-type anticoagu- 


lants; a hydantoin, sulfonamide or sulfonylurea; furosemide; lithium; beta-blockers; probenecid; or 
methotrexate. Drug/Laboratory Test Interactions: May decrease platelet aggregation and prolong 
bleeding time or increase urinary values for 17-ketogenic steroids. Temporarily stop therapy for 72 hours 
before adrenal function tests. May interfere with urinary assays of 5HIAA. Carcinogenesis: A 2-year rat 
study showed no evidence of carcinogenicity. Pregnancy: Category B. Do not use during pregnancy 
unless clearly needed. Avoid use during late pregnancy. Nursing Mothers: Avoid use. Pediatric Use: 


Single doses of 2.5-5 mg/kg (as naproxen suspension), with total daily dose not exceeding 15 mg/kg/day, 


are Safe in children over 2 years of age. 
Adverse Reactions: In a study, GI reactions were more frequent and severe in rheumatoid arthritis 


patients on 1650 mg/day naproxen sodium than in those on 825 mg/day. In children with juvenile arthritis, 


rash and prolonged bleeding times were more frequent, GI and CNS reactions about the same, and other 
reactions less frequent than in adults. Incidence Greater Than 1%, Probable Causal Relationship: GI: The 
most frequent complaints related to the GI tract: constipation* heartburn* abdominal pain* nausea* 


dyspepsia, diarrhea, stomatitis. CNS: headache* dizziness* drowsiness light-headedness, vertigo. Der- 
matologic: itching (pruritus)* skin eruptions* ecchymoses* sweating, purpura. Special Senses: tinni- 


tus* hearing disturbances, visual disturbances. Cardiovascular: edema* dyspnea* palpitations. General: 
thirst. “Incidence of reported reaction 3% -9%. Where unmarked, incidence less than 3%. Incidence 
Less Than 1%: Probable Causal Relationship: GI: abnormal liver function tests, colitis, GI bleeding and/or 


perforation, hematemesis, jaundice, melena, peptic ulceration with bleeding and/or perforation, vomit- 
ing. Renal: glomerular nephritis, hematuria, hyperkalemia, interstitial nephritis, nephrotic syndrome, 
renal disease, renal failure, renal papillary necrosis. Hematologic: agranulocytosis, eosinophilia, granulo- 
cytopenia, leukopenia, thrombocytopenia. CNS: depression, dream abnormalities, inability to concen- 


trate, insomnia, malaise, myalgia and muscle weakness. Dermatologic: alopecia, photosensitive 


dermatitis, skin rashes. Special Senses: hearing impairment. Cardiovascular: congestive heart failure. 


Respiratory: eosinophilic pneumonitis. General: anaphylactoid reactions, menstrual disorders, pyrexia 
(chills and fever). Causal Relationship Unknown: Hematologic: aplastic anemia, hemolytic anemia. CNS: 


aseptic meningitis, cognitive dysfunction. Dermatologic: epidermal necrolysis, erythema multiforme, 
photosensitivity reactions resembling porphyria cutanea tarda and epidermolysis bullosa, Stevens- 


Johnson syndrome, urticaria. Gl: non-peptic GI ulceration, ulcerative stomatitis. Cardiovascular: 
vasculitis. General: angioneurotic edema, hyperglycemia, hypoglycemia. 

Overdosage: May have drowsiness, heartburn, indigestion, nausea, vomiting. A few patients have had 
seizures. Empty stomach and use usual supportive measures. In animals 0.5g/kg of activated charcoal 
reduced plasma levels of naproxen. 

Dosage and Administration for Mild to Moderate Pain, Dysmenorrhea and Acute Tendinitis and 
Bursitis: Recommended starting dose is 550 mg, followed by 275 mg every 6 to 8 hours. Total daily dose 
should not exceed 1375 mg. 

Dosage and Administration for Rheumatoid Arthritis, Osteoarthritis and Ankylosing Spondylitis: 


Recommended dose in adults is 275 mg or 550 mg twice daily. In patients who tolerate lower doses well, 
the dose may be increased to 1650 mg per day for limited periods when a higher level of anti- 


inflammatory/analgesic activity is required. At this dosage, physicians should observe sufficient 
increased clinical benefits to offset potential increased risk. 

Caution: Federal law prohibits dispensing without prescription. 

See package insert for full Prescribing Information. 
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CLINICAL SECTION 
E Clinical Opinion 
Sterilization needs in the 1990s: The case for quinacrine nonsurgical 1203 


female sterilization 
Stephen D. Mumford, DrPH, and Elton Kessel, MD 
Research Triangle Park, North Carolina, and Portland, Oregon 


The shortfall in surgical sterilization services in the less developed countries will exceed 50% 
in the 1990s; potentially, the quinacrine nonsurgical method can prevent this shortfall. 


Predictors for live birth after unexplained spontaneous abortions: 1208 
Correlations between immunologic test results, obstetric histories, and 
outcome of next pregnancy without treatment 


F. Susan Cowchock, MD, and J. Bruce Smith, MD 
Philadelphia, Pennsylvania 


Results from the immunologic tests evaluated were not related to outcome in the next 
pregnancy for women with a history of unexplained recurrent spontaneous abortion. 


® Clinical Articles 


Cigarette smoking and urinary incontinence in women 1213 
Richard C. Bump, MD, and Donna K. McClish, PhD 
Richmond, Virginia 


This case-control study of 606 women demonstrates a strong statistical relationship between 
cigarette smoking and both stress and motor urinary incontinence. 
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Natural history of chronic proteinuria complicating pregnancy 1219 
R. William Stettler, MD, and F. Gary Cunningham, MD 
Dallas, Texas 


Chronic proteinuria discovered during pregnancy is an indicator for increased adverse 
pregnancy outcomes and poor long-term prognosis. 


Selective pelvic and periaortic lymphadenectomy does not increase 1225 
morbidity in surgical staging of endometrial carcinoma 

Howard D. Homesley, MD, Nicholas Kadar, MD, Rolland J. Barrett, MD, and 

Samuel S. Lentz, MD 

Winston-Salem, North Carolina, and New Brunswick, New Jersey 


When compared with hysterectomy alone, selective pelvic and periaortic lymphadenectomy 
and hysterectomy in patients with endometrial cancer did not result in an increase in surgical 
morbidity. 


Evaluation of rapid diagnostic tests in the detection of microbial 1231 
invasion of the amniotic cavity 

Laura L. Coultrip, MD, and J.H. Grossman, MD, PhD 

Falls Church, Virginia, and Washington, D.C. 


Gram stain and intraamniotic glucose measurement are more useful than leukocyte esterase 
or the Limulus amebocyte assay in the detection of intraamniotic infection. 
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Does DeLee suction at the perineum prevent meconium aspiration 
syndrome? 

Horacio S. Falciglia, MD, Colleen Henderschott, MD, Phillip Potter, MD, and 

Rick Helmchen, BS 

Cincinnati, Ohio 


Oronasopharyngeal DeLee suctioning at the perineum, before delivery of the chest or after 
incision in cesarean delivery, does not prevent meconium aspiration syndrome; meconium 
aspiration is not a postnatal event. 


Assessment of the renal circulation during pregnancy with color 
Doppler ultrasonography 

Stephen N. Sturgiss, MD, Kevin Martin, PhD, T. Anthony Whittingham, PhD, and 
John M. Davison, MD 

Newcastle upon Tyne, England 


Color ultrasonography facilitates Doppler analysis of the renal circulation in human 
pregnancy; assessment revealed no significant differences between waveform indexes from 
nonpregnant and pregnant women. 


Changes in coagulation and anticoagulation in women taking low-dose 
triphasic oral contraceptives: A controlled comparative 12-month 
Clinical trial 


Morris Notelovitz, MD, PhD, Craig S. Kitchens, MD, and Farouk Y. Khan, MD 
Gainesville, Florida 


Triphasic oral contraceptives containing ethinyl estradiol plus levonorgestrel or norethindrone 
have equivalent, minimal effects on coagulation and anticoagulation factors. 


Sleep quality in preeclampsia 
Eeva M.K. Ekholm, MD, Olli Polo, MD, Esa R. Rauhala, MD, and Ulla U. Ekblad, MD 
Turku, Finland 


In preeclampsia nocturnal motor activity is increased, indicating impaired general sleep 
quality compared with that of pregnant controls. 


Studies of connexin 43 and cell-to-cell coupling in cultured human 
uterine smooth muscle 


Nobuyoshi Sakai, MD, PhD, Thomas Tabb, MD, and Robert E. Garfield, PhD 
Galveston, Texas 


Regulation of cell-to-cell coupling by both presence and permeability of gap junctions was 
shown in cultured human uterine smooth muscle with immunocytochemical and 
electrophysiologic techniques. 
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Reversal of fetal distress by emergency in utero decompression of 1278 
hydrothorax 

Laurent Mandelbrot, MD, Marc Dommergues, MD, Marie-Cécile Aubry, MD, 

Philippe Mussat, MD, and Yves Dumez, MD 

Paris, France 


Fetal hydrothorax resulting in cardiotocographic abnormalities is an indication for emergency 
decompression by thoracocentesis or pleuroamniotic shunting. 


Serum collagenase levels in relation to the state of the human cervix 1284 
during pregnancy and labor 

Lena M. Granström, MD, Gunvor E. Ekman, PhD, Anders Malmström, PhD, Ulf Ulmsten, PhD, 

and J. Fredrick Woessner, Jr., PhD 

Danderyd, Uppsala, and Lund, Sweden, and Miami, Florida 


Serum collagenase during ripening at term and in active labor increases, supporting its active 
role in the ripening process. 


Genetic offspring in patients with vaginal agenesis: Specific medical 1288 
and legal issues 

Frances R. Batzer, MD, Stephen L. Corson, MD, Benjamin Gocial, MD, Douglas C. Daly, MD, 

Kathryn Go, PhD, and Mary E. English, RN, MSN 

Philadelphia, Pennsylvania 


Specific medical and legal issues relating to genetic offspring in patients with vaginal agenesis 
who use gestational carriers are presented. 


Fetal plasma erythropoietin concentration in red blood 1292 
cell-isoimmunized pregnancies 

B. Thilaganathan, MD, D.R. Salvesen, MD, A. Abbas, MD, R.M. Ireland, MD, and 

K.H. Nicolaides, MD 

London, England 


In red blood cell-isoimmunized pregnancy fetal plasma erythropoietin is raised only in severe 


anemia. 


Doppler velocimetry and fetal heart rate studies in nephropathic 1297 
diabetics 

Douglas R. Salvesen, MD, Maria T. Higueras, MD, J. Michael Brudenell, MD, 

Paul L. Drury, MD, and Kypros H. Nicolaides, MD 

London, England 


Cordocentesis in six pregnant women with nephropathic diabetes demonstrated fetal 
hypoxemia and acidemia in the absence of consistent abnormalities in both Doppler results 
and fetal heart rate patterns. 
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Renal pyelectasis in pregnancy: Correlative evaluation of fetal and 1304 
maternal collecting systems 

Moshe Graif, MD, Ada Kessler, MD, Shraga Hart, MD, Marcello Daitzchman, MD, 

Shlomo Mashiach, MD, Hayim Boichis, MD, and Yacov Itzchak, MD, PhD 

Tel Hashomer, Israel 


The existence of a statistically significant association between maternal and fetal collecting 
system dilatation during pregnancy is pointed out in the current study. 


Primary ovarian pregnancy successfully treated with methotrexate 1307 
Fayek Nicholas Shamma, MD, and Lisa Barrie Schwartz, MD 
New Haven, Connecticut 


A case of laparoscopically documented unruptured primary ovarian pregnancy that was 
successfully treated with intramuscular methotrexate is described. 


Umbilical venous pressure in nonimmune hydrops fetalis: Correlation 1309 
with cardiac size 

Pam Johnson, MB, BS, Gurleen Sharland, MB, BS, Lindsey D. Allan, MB, BS, 

Michael J. Tynan, MB, BS, and Darryl J. Maxwell, MB, BS 

London, England 


In nonimmune hydrops umbilical venous pressure is significantly elevated when cardiac size, 
measured by cardiothoracic ratio, is increased, thereby validating this assessment of cardiac 
function. 


Monitoring of intravascular fetal transfusions with Doppler velocimetry 1314 
Siegfried Rotmensch, MD, Marco Liberati, MD, Jia-Sen Luo, MD, and John C. Hobbins, MD 
New Haven, Connecticut 


The utility of monitoring fetal intravascular transfusions with Doppler velocimetry is 
described. 


Reproductive, menstrual, and medical risk factors for endometrial 1317 
cancer: Results from a case-control study 

Louise A. Brinton, PhD, Michael L. Berman, MD, Rodrigue Mortel, MD, Leo B. Twiggs, MD, 

Rolland J. Barrett, MD, George D. Wilbanks, MD, Linda Lannom, MA, and Robert N. Hoover, MD 

Bethesda and Rockville, Maryland, Irvine, California, Hershey, Pennsylvania, Minneapolis, 

Minnesota, Winston-Salem, North Carolina, and Chicago, Illinois 


A case-control study found that endometrial cancer risk has independent relationships with 
early menarche, low numbers of births, infertility, obesity, and diabetes. 


Randomized trial of human versus animal species insulin in diabetic 1325 
pregnant women: Improved glycemic control, not fewer antibodies to 
insulin, influences birth weight 


Lois Jovanovic-Peterson, MD, John L. Kitzmiller, MD, and Charles M. Peterson, MD 
Santa Barbara and San Francisco, California 


Administration of human insulin to pregnant diabetic women results in less hyperglycemia 
and hypoglycemia; these women have lower-birth-weight infants in comparison with infants of 
those women who have less hyperinsulinemia. 
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Congenital nephrosis: Detection of index cases through maternal 
serum a-fetoprotein screening 

William A. Hogge, MD, Joan S. Hogge, MS, Patricia T. Schnatterly, MS, C.J. Sun, MD, and 
Miriam G. Blitzer, PhD 

Baltimore, Maryland, and Charlottesville, Virginia 


Cases of elevated maternal serum a-fetoprotein levels, with unexplained marked elevations of 
amniotic fluid a-fetoprotein, should suggest the diagnosis of congenital nephrosis, regardless of 
ethnic origin. 


Biochemical and immunohistochemical estrogen and progesterone 
receptors in adenomatous hyperplasia and endometrial carcinoma: 
Correlations with stage and other clinicopathologic features 


Henrik C.J. Nyholm, MD, Anette L. Nielsen, MD, Jens Lyndrup, MD, Peter Norup, MD, and 
Susan M. Thorpe, PhD 
Copenhagen, Denmark 


The estrogen and progesterone receptor content in endometrial carcinoma correlates inversely 
with tumor stage, independent of histologic grade. 


Recurrent maternal virilization during pregnancy caused by benign 
androgen-producing ovarian lesions 
Andrew J. VanSlooten, MD, Stephen F. Rechner, MD, and William G. Dodds, MD 


Grand Rapids, Michigan 


A case of recurrent maternal virilization in pregnancy as a secondary effect of ovarian 
luteoma is presented. 


Effect of fat and fat-free mass deposition during pregnancy on birth 
weight 

José Villar, MD, Mary Cogswell, DrPH, Edgard Kestler, MD, Patricia Castillo, RN, 
Romeo Menendez, MD, and John T. Repke, MD 

Baltimore and Bethesda, Maryland, and Guatemala City, Guatemala 


After adjustment by prepregnancy weight, birth weight is associated with changes in maternal 
thigh skin folds and fat gain before the thirtieth week of gestation. 


Maternal ventricular tachycardia associated with hypomagnesemia 
Maurice E. Varon, MD, David M. Sherer, MD, Jacques S. Abramowicz, MD, and 
Toshio Akiyama, MD 

Rochester, New York 


Recurrent sustained maternal ventricular tachycardia was closely associated with 
hypomagnesemia and effectively treated with magnesium sulfate and no other antiarrhythmic 


medications. 
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Maternal floor infarction: Relationship to X cells, major basic protein, 1355 
and adverse perinatal outcome 

Karen K. Vernof, MD, Kurt Benirschke, MD, Gail M. Kephart, BS, Terri L. Wasmoen, PhD, and 

Gerald J. Gleich, MD 

Rochester, Minnesota, and San Diego, California 


Adverse perinatal outcome is associated with maternal floor infarction of the placenta; 
abnormal placental deposition of the toxic pregnancy-associated major basic protein is shown 
in this disorder. 


The effect of placental management at cesarean delivery on operative 1363 
blood loss 

Charles M. McCurdy, Jr., MD, Everett F. Magann, MD, Cynthia J. McCurdy, MD, and 

Andrew K. Saltzman, MD 

Camp LeJeune, North Carolina 


Spontaneous expulsion of the placenta at cesarean delivery is associated with decreased 
operative blood loss and postoperative infectious morbidity. 


Depot leuprolide versus danazol in treatment of women with 1367 
symptomatic endometriosis. |. Efficacy results 

James M. Wheeler, MD, MPH, Judith D. Knittle, BS, and James D. Miller, MD 

Houston, Texas, and Rockford and Deerfield, Illinois 


The sustained release formulation of leuprolide is an effective option for the medical 
management of endometriosis. 


Glycated hemoglobin of fractionated erythrocytes, glycated albumin, 1372 
and plasma fructosamine during pregnancy 
Masahiro Kurishita, MD, Koji Nakashima, MD, and Hiromu Kozu, MD 


Tokyo, Japan 


The glycated hemoglobin of fractionated erythrocytes and the glycated albumin reflect 
maternal glucose metabolism during pregnancy, providing a way of detecting abnormal 
glucose tolerance. 


The effect of the menstrual cycle on serum CA 125 levels: A 1379 
population study 

Sonia Grover, MB, BS, Hoon Koh, BSc, Prue Weideman, RN, RM, and 

Michael A. Quinn, MD, ChB 

Carlton, Victoria, Australia 


In the premenopausal population no clinically significant menstrual variation in CA 125 levels 
is demonstrated, although some individuals with initially elevated levels clearly have 
significant menstrual fluctuations. 


(Contents continued on page 10A) 


9A 





Contents continued from page 9A 


The fetal recoil test 
Thomas H. Strong, Jr., MD, Denise L. Jordan, RN, and David W. Marden, DO 
Phoenix, Arizona, and Pomona, California 


The fetal recoil test is a simple and reliable technique for assessing fetal well-being in the 
acute setting. 


Recurrent squamous carcinoma of the vulva 

A. Stephen Tilmans, MD, Gregory P. Sutton, MD, Katherine Y. Look, MD, 
Frederick B. Stehman, MD, Clarence E. Ehrlich, MD, and Ned B. Hornback, MD 
Indianapolis, Indiana 


Survival in patients with recurrent vulvar cancer is best when the location is the vulva, the 
initial stage is I or II, and the interval to relapse exceeds 16 months. 


Contraction monitoring with a manager calculator 
Miklos Török, MD, PhD, Janos L. Bota, Dipl. Eng., and Istvan Gáti, PhD, DSci 
Budapest, Hungary 


A new kind of contraction monitor that is based on a manager calculator available on the 
market all over the world is introduced. 


E Current Development 


Luteal phase deficiency: Effect of treatment on pregnancy rates 
Lisa M. Karamardian, MD, and David A. Grimes, MD 
Los Angeles, California 


Published studies to date have not demonstrated a statistically significant improvement in 
pregnancy rates after treatment for luteal phase deficiency. 


BASIC SCIENCE SECTION 


Failure of ritodrine to prevent preterm labor in the sheep 

Stephen J. Lye, PhD, Brian A. Dayes, BSc, Christian L. Freitag, MSc, Julie Brooks, PhD, and 
Robert F. Casper, MD 

Toronto and London, Ontario, Canada 


Contractions returned within 16 hours in spite of continuous infusion of ritodrine to sheep in 
preterm labor; this desensitization was associated with myometrial 62-adrenergic receptor 


down-regulation. 


Mechanisms of relaxation induced by prostaglandins in isolated 
canine uterine arteries 
Toshio Kimura, MD, Yoshinobu Yoshida, MD, PhD, and Noboru Toda, MD, PhD 


Ohtsu, Japan 


Prostaglandin F2,—induced uterine artery relaxation is mediated by prostaglandin I, released 
from smooth muscle, whereas endothelium-dependent and endothelium-independent 
mechanisms underlie prostaglandin E,—-induced relaxation. 
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Chemotactic factor in the pregnant rabbit uterine cervix 1417 
Taro Uchiyama, MS, Akira Ito, PhD, Atsutoshi Ikesue, MS, Hideo Nakagawa, PhD, and 

Yo Mori, PhD 

Hachioji, Tokyo, and Sugitani, Toyama, Japan 


Interleukin 8-like chemotactic factor is characteristically identified and increases in rabbit 
uterine cervix during pregnancy. 


Transient umbilical cord occlusion causes hippocampal damage in the 1423 
fetal sheep 

E. Carina Mallard, BSc, Alistair J. Gunn, MD, ChB, Chris E. Williams, PhD, 

Barbara M. Johnston, DPhil, and Peter D. Gluckman, DSc 

Auckland, New Zealand 


Transient umbilical cord occlusion results in selective severe neuronal loss in the hippocampus 
in the fetal sheep. 


Secretion of prolactin and insulin-like growth factor | by decidual 1431 
explant cultures from pregnancies complicated by intrauterine growth 
retardation 


Linda J. Heffner, MD, PhD, Bryann S. Bromley, MD, and Kenneth C. Copeland, MD 
Boston, Massachusetts, and Burlington, Vermont 


Both prolactin and insulin-like growth factor I secretion were reduced in explant cultures of 
decidua from pregnancies complicated by intrauterine growth retardation. 


Human ovarian surface epithelial cells are capable of physically 1437 
restructuring extracellular matrix 


Patricia A. Kruk, PhD, and Nelly Auersperg, MD, PhD 
Vancouver, British Columbia, Canada 


Human ovarian surface epithelial cells physically remodel extracellular matrix by contracting 
a combination of collagen gel and rat ovarian surface epithelium-derived extracellular matrix 
into organoids. 


Autonomic and arginine vasopressin modulation of the 1443 
hypoxia-induced atrial natriuretic factor release in immature and 
mature ovine fetuses 


Cecilia Y. Cheung, PhD 
La Jolla, California 


The atrial natriuretic factor response to hypoxia is enhanced in the immature compared with 
the mature fetus and is dependent on the autonomic nervous system and on arginine 
vasopressin. 


Long-term vascular volume expansion maintains elevated thoracic 1453 
duct lymph flow 


Guillermo J. Valenzuela, MD 
Loma Linda, California 


Thoracic duct lymph flow was elevated after 16 hours of fluid infusion, suggesting that edema 
is not caused by a decrease in lymph vessel contractility with time. 
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Acute intrauterine hypoxia increases amniotic fluid prostaglandin F 1459 
metabolites in the pregnant sheep 

Guillermo J. Valenzuela, MD, Mary Norburg, MD, and Charles A. Ducsay, PhD 

Loma Linda, California 


Acute intrauterine hypoxia increased amniotic fluid prostaglandin F metabolites within 10 
minutes, suggesting a possible role for hypoxia in preterm labor. 


Changes in pupillary diameter in relation to eye-movement and 1465 
no-eye-movement periods in the human fetus at term 

Naoki Horimoto, MD, Takashi Koyanagi, MD, Takeshi Takashima, MD, Kouhei Akazawa, PhD, 

and Hitoo Nakano, MD 

Fukuoka, Japan 


Pupillary dilatation and constriction exist in human fetuses at term; dilatation is observed for 
a significantly greater proportion of time during eye-movement periods. 


E Current Development 


Novel immunologic strategies in ovarian carcinoma 1470 
Ralph S. Freedman, MD, PhD, Constantin G. Ioannides, PhD, George Mathioudakis, MD, and 

Chris D. Platsoucas, PhD 

Houston, Texas 


Strategies for the treatment of ovarian carcinoma are being developed with either T 
lymphocytes activated by autologous tumor cells and recombinant interleukin-2 or human 
tumor cell surface—reactive monoclonal antibodies. 
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Hot flashes—Now part of the past for millions 

of women 

Premarin® can dramatically reduce the incidence of hot 
flashes, night sweats, and related sleep disturbances. 


Osteoporosis—No longer part of the future for 
many women 

Premarin® is the first estrogen product proven to 
prevent postmenopausal osteoporosis in women at 
risk. And it’s the only estrogen product proven in 
studies to reduce the risk of osteoporosis-related 
fractures by as much as 62%.’ 


Contraindications 
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cancer, 3) estrogen-dependent neoplasia, 4) undiagnosed abnormal 
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PREMARIN” Brand of conjugated estrogens tablets, USP 
PREMARIN” Brand of conjugated estrogens Vaginal Cream, in a nonliquefying base 


1. ESTROGENS HAVE BEEN REPORTED TO INCREASE THE RISK OF ENDOMETRIAL CARCINOMA. 
Close clinical surveillance of all women taking estrogens is important. Adequate diagnostic measures 
including endometrial sampling when indicated should be undertaken to rule out malignancy in all cases 
of undiagnosed persistent or recurring abnormal vaginal bleeding. There is currently no evidence that 
“natural” estrogens are more or less hazardous than “synthetic” estrogens at equiestrogenic doses. 
2. ESTROGENS SHOULD NOT BE USED DURING PREGNANCY 
Estrogen therapy during pregnancy is associated with an increased risk of congenital defects in the 
reproductive organs of the male and female fetus, an increased risk of vaginal adenosis, squamous-cell 
dysplasia of the uterine cervix, and vaginal cancer in the female later in life. The 1985 DES Task Force 
concluded that women who used DES during their pregnancies may subsequently experience an 
increased risk of breast cancer. However, a causal relationship is still unproven, and the observed level of 
risk is similar to that for a number of other breast cancer risk factors. 

There is no indication for estrogen therapy during pregnancy. Estrogens are ineffective for the 
prevention or treatment of threatened or habitual abortion. 




















DESCRIPTION: PREMARIN (conjugated estrogens, USP) contains a mixture of estrogens, obtained ex- 
Clusively from natural sources, blended to represent the average composition of material derived trom 
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Salts of their sulfate esters. Tablets are available in 0.3 mg, 
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conjugated estrogens. Cream is available as 0.625 mg 
conjugated estrogens per gram. 


INDICATIONS AND USAGE: Moderate-to-severe vaso- 
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is no evidence that estrogens are effective for nervous 
symptoms or depression which might occur during 
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conditions.) Prevention and management of osteoporosis 
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PREMARIN (conjugated estrogens) Vaginal Cream is 
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WARNING) 


CONTRAINDICATIONS: Estrogens should not be used 
in women (or men) with any of the following conditions: 
1. Known or suspected pregnancy (see Boxed Warning) 
2. Known or suspected cancer of the breast except in 
appropriately selected patients being treated for meta- 
static disease. 3, Known or suspected estrogen-depen- 
dent neoplasia. 4. Undiagnosed abnormal genital 
bleeding. 5. Active thrombophlebitis or thromboembolic 
disorders. 6. Estrogen replacement therapy has not been 
reported to increase the risk of thrombophlebitis and/or 
thromboembolic disease. However, there is insufficient 
information regarding women who have had previous 
thromboembolic disease. 

PREMARIN Tablets and Vaginal Cream should not be 
used in patients hypersensitive to their ingredients. 
WARNINGS: Some studies suggest a possible increased incidence of breast cancer in women taking higher 
doses of estrogen for prolonged time periods. The majority of studies have not shown an association with 
usual estrogen replacement doses. Endometrial cancer risk among estrogen users was about 4-fold or greater 
than in non-users, and appears dependent on treatment duration and estrogen dose. In patients on combined 
estrogen-progestin therapy, this risk appears to be decreased. (See PRECAUTIONS below.) 

Estrogen therapy during pregnancy is associated with an increased risk of fetal congenital reproductive tract 
disorders. 

A 2.5-fold increase in the risk of surgically confirmed gall bladder disease in women receiving 
postmenopausal estrogens has been reported. 

Large doses of estrogen such as those used to treat prostate and breast cancer have been shown to increase 
the risk of non-fatal myocardial infarction, pulmonary embolism, and thrombophlebitis in men. This cannot 
necessarily be extrapolated to women. However, to avoid theoretical cardiovascular risk caused by high 
estrogen doses, the doses for estrogen replacement therapy should not exceed the recommended dose. 

Blood pressure should be monitored with estrogen use, especially it high doses are used. 

Estrogens may lead to severe hypercalcemia in patients with breast cancer and bone metastases. 
PRECAUTIONS: The addition of a progestin for 7 or more days of a cycle of estrogen administration 
reportedly lowers the incidence of endometrial hyperplasia. Studies of endometrium suggest that 10 to 13 days 
of progestin are needed to provide maximal endometrial maturation and elimination of hyperplastic changes. 
Additional risks, such as adverse effects on carbohydrate and lipid metabolism, may be associated with the 
inclusion of progestin in estrogen replacement regimens. The choice of progestin and dosage may be 
important in minimizing these adverse effects. 

Physical examination and a complete medical and family history should be taken prior to the initiation of 
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any estrogen therapy with special reference to blood pressure, breasts, abdomen, and pelvic organs, and 
should include a Papanicolaou smear. As a general rule, estrogen should not be prescribed for longer than one 
year without another physical examination being performed. Conditions influenced by fluid retention, such as 
asthma, epilepsy, migraine, and cardiac or renal dysfunction, require careful observation. Certain patients may 
develop manifestations of excessive estrogenic stimulation, such as abnormal or excessive uterine bleeding 
and mastodynia. Pre-existing uterine leiomyomata may increase in size during estrogen use. Estrogens should 
be used with care in patients with impaired liver function, renal insufficiency, or metabolic bone diseases 
associated with hypercalcemia. 

The following drug/laboratory test interactions have been reported, some only with estrogen-progestin 
combinations (oral contraceptives): 

1. Increased prothrombin and factors VII, VIII, IX, and X; decreased antithrombin 3; increased nor- 
epinephrine-induced platelet aggregability. 

2. Increased thyroid binding globulin (TBG) leading to increased circulating total thyroid hormone, as 
measured by T4 levels determined by column or by radioimmunoassay. Free T} resin uptake is decreased, 
reflecting the elevated TBG; free T, concentration is unaltered. 

3. Impaired glucose tolerance. 

4. Reduced response to metyrapone test. 

5. Reduced serum folate concentration. 

MUTAGENESIS AND CARCINOGENESIS: Long-term, continuous administration of natural and synthetic 
estrogens in certain animal species increases the frequency of carcinomas of the breast, cervix, vagina, and 
liver 

PREGNANCY CATEGORY X: Estrogens should not be used during pregnancy. See CONTRAINDICATIONS 
and Boxed LUD 

NURSING MOTHERS: As a general principle, the ad- 
ministration of any drug to nursing mothers should be 
done only when clearly necessary since many drugs are 
excreted in human milk. 

ADVERSE REACTIONS: The following have been re- 
ported with estrogenic therapy: changes in vaginal bleed- 
ing pattern and abnormal withdrawal bleeding or flow, 
breakthrough bleeding, spotting, increase in size of uter- 
ine fibromyomata, vaginal candidiasis, change in amount 
of cervical secretion; tenderness or enlargement of 
breasts; nausea, vomiting, abdominal cramps, bloating, 
cholestatic jaundice; chloasma or melasma that may per- 
sist when drug is discontinued, erythema multiforme, 
erythema nodosum, hemorrhagic eruption, loss of scalp 
hair, hirsutism; steepening of corneal curvature, intol- 
erance to contact lenses; headache, migraine, dizziness, 
mental depression, chorea; increase or decrease in 
weight; reduced carbohydrate tolerance; aggravation of 
porphyria; edema; changes in libido. 

ACUTE OVERDOSAGE: May cause nausea and 
vomiting. 

DOSAGE AND ADMINISTRATION: 

PREMARIN® Brand of conjugated estrogens tab- 
lets, USP 

1. Given cyclically for short-term use only. For treatment 
of moderate-to-severe vasomotor symptoms, atrophic 
vaginitis, or atrophic urethritis associated with the meno- 
pause (0.3 mg to 1.25 mg or more ay) The lowest dose 
that will control symptoms should be chosen and medica- 
tion should be discontinued as promptly as possible. 
Administration should be cyclic (eg, three weeks on and 
one week off). Attempts to discontinue or taper medication 
should be made at three- to six-month intervals. 

2. Given cyclically: Hypoestrogenism. Osteoporosis. 

Hypoestrogenism due to: Female hypogonadism—2.5 
mg to 75 mg daily in divided doses for 20 days followed 
by 10 day rest period. If bleeding does not occur by the 
end of this period, the same dosage schedule is repeated. Female castration or primary ovarian tailure—1.25 
mg daily, cyclically. Adjust upward or downward according to response of the patient. For maintenance, adjust 
dosage to lowest level that will provide effective control, 

Osteoporosis—0.625 mg daily. Administration should be cyclic (eg, three weeks on and one week off), 
PREMARIN” Brand of conjugated estrogens Vaginal Cream 
Given cyclically for short-term use only. For treatment of atrophic vaginitis or kraurosis vulvae. 

The lowest dose that will control symptoms should be chosen and medication should be discontinued as 
promptly as possible. 

Attempts to discontinue or taper medication should be made at three- to six-month intervals. 

Usual cr range: 2 g to 4 g daily, intravaginally, depending on the severity of the condition. 

Patients with an intact uterus who are treated with either PREMARIN Tablets or Vaginal Cream should be 
monitored for signs of endometrial cancer and appropriate measures taken to rule out malignancy in the event 
of persistent or recurring abnormal vaginal bleeding 

Revised August 21, 1989 


Reference: 1. Weiss NS, Ure CL, Ballard JH, et al: Decreased risk of fractures of the hip and lower 
forearm with postmenopausal use of estrogen. N Eng/ J Med 1980:303:1195-1198. 
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manuscript when necessary, will be returned to the author 
for completion. ~ 
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. Manuscript being submitted, two reprints of the article(s) 
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-an abstract, must be submitted with.the manuscript. Two 
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'’* ‘subrnitted or accepted manuscript. ‘Articles previously pub- 


ne in another language will not be considered. 


` Human; and nonhuman experimentation. It. is as- 
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requisite authority. Human experimentation that requires 
local institutional approval must have this approval before 
the experiment is started and approval must be so indicated 
in the Material and Methods section of the submitted 
manuscript. Reports of experiments on nonhuman animals 
or other species must state in the Material and Methods sec- 
tion of the manuscript that the guidelines for the care and 
use of the animals approved by the local institution were fol- 
lowed. The type of nonhuman animals or other species used 
in an investigation must be named in the title, abstract, key 
words, and Material and Methods section of the manuscript. 

Authorship. For manuscripts with two or more authors, 
each author must qualify by having participated actively 
and sufficiently in the study that is being performed and 
` reported. The inclusion of each author in the authorship list 
of a report is based only (1) on substantial contributions to 
(a) concept and design, or analysis and interpretation of 
data and (b) drafting the manuscript or revising it critically 
for important intellectual content; and (2) on final approval 
by each author of the version of the manuscript. Conditions 
1 (a and b) and 2 must both be met. Others contributing to 
the work should be recognized separately in an Acknowl- 
edgment. In the covering letter that accompanies the sub- 
mitted manuscript, it must be confirmed that all authors 
fulfilled both conditions. 
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Editor, in a letter accompanying the submitted manuscript, 
of any commercial association that might pose a conflict of 
interest, such as ownership, stock holdings, equity interests 
and consultant activities, or patent-licensing situations. 
Such information is confidential, is not given to the con- 
sultants, and does not play a part in the decision of the 
quality or timeliness of the manuscript. If the manuscript 
is accepted, the author and the Editor will determine how 
best to release the information. The usual and customary 
listing of sources of support and institutional affiliations on 
the title page is proper and does not imply a conflict of 
interest; only where there is a possible conflict of interest is 
the author(s) expected to inform the Editor. 

Disclaimer. Statements and opinions expressed in arti- 
cles and communications herein are those of the author(s) 
and not necessarily those of the Editor(s) or Publisher, and 
the Editor(s) and Publisher disclaim any responsibility or 
liability for such material. Neither the Editor(s) nor the 
Publisher guarantees, warrants, or endorses any product or 
service advertised in this publication, nor do they guarantee 
any claim made by the manufacturer of such product or 
Service. 
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The original and two good-quality photocopies of the 
manuscript and three sets of black-and-white glossy prints 
of illustrations are required. See “Color figures” and “‘Com- 
puter-generated figures” for special requirements. Manu- 
scripts must be submitted in English. 

Manuscripts must be typed double-spaced on one side 
only of 22 X 28 cm (8% X 11 inch) white bond paper with 
l-inch margins at top, bottom, and sides. Number pages 
consecutively in the upper right-hand corner in the follow- 
ing order: title page, condensation, abstract, body of text, 
acknowledgments, references, figure legends, and tables. 

Title page. The title page (page 1) should contain in 
sequence the title (concise and suitable for indexing pur- 
poses); author line with first name, middle initial, and last 
name of each author and each author’s highest academic 


degree (both MD and PhD are acceptable, but honors de- 
grees are not permitted); city(ies), state(s) in which the 
study was conducted; divisional, or departmental, and in- 
stitutional affiliations at the time the study was performed; 
source(s) of financial support; presented line, if applicable; 
disclaimers, if any; name, address, business and home tele- 
phone numbers, and fax number of author to whom requests 
for reprints should be addressed (if reprints will not be 
available, it should be so stated); and name, address, busi- 
ness and home telephone numbers, and fax number of au- 
thor responsible for correspondence concerning the manu- 
script if different from author to whom reprint requests are 
addressed. At the bottom of the title page supply a short 
title for the running head not exceeding 52 characters (in- 
cluding word spaces}. 

Condensation. On page 2 of the manuscript provide a 
brief, concise condensation, typed double-spaced, that will 
appear with the title in publication of the Contents pages of 
the JOURNAL. It should be a single sentence, limited to a 
maximum of 25 words, delineating the essential point(s) 
made in the manuscript. 

Abstract page including key words/phrases. On 
manuscript page 3, type the abstract, double-spaced, with 
the required margins and headed by the title of the article 
and name(s) of author(s). Below the abstract, list 3 to 5 key 
words or Short phrases for indexing purposes. 

A structured abstract is required for certain types of 
articles and a standard abstract format is required for other 
types of articles; therefore the author(s) should select and 
prepare the appropriate abstract to be used in the submitted 
manuscript. This applies to both independently submitted 
and society manuscripts. 

Structured abstract. A structured abstract, limited to 
150 words, is to be used for regular articles and society 
articles; excluded are Clinical Opinion, Current Devel- 
opment, case report, and brief communication articles. 
The structured abstract is to contain the following major 
headings: Objective(s); Study Design; Results; and Con- 
clusion(s). The Objective(s) reflects the purpose of the 
study, that is, the hypothesis that is being tested. The Study 
Design should include the setting for the study, the sub- 
jects (number and type), the treatment or intervention, and 
the type of statistical analysis. The Results include the 
outcome of the study and statistical significance if appro- 
priate. The Conclusion(s) states the significance of the 
results. 

Standard abstract. The standard abstract format is re- 
quired for Clinical Opinion, Current Development, case 
report, and brief communication articles. The standard ab- 
stracts for Clinical Opinion and Current Development ar- 
ticles are to be 50 to 150 words and standard abstracts for 
case reports and brief communications are limited to 50 
words. Even though the formal names of these four types of 
articles are not used, an author should determine his/her 
type of manuscript and prepare the appropriate standard 
abstract, regardless of whether it is to be submitted inde- 
pendently or as a part of a society’s transactions. 

Text. Do not hesitate to write your manuscript in the first 
person and active voice if they are more appropriate to the 
information you wish to convey. The passive voice is gen- 
erally more effective for describing techniques or observa- 
tions, since the emphasis is on the “action” rather than on 
the person performing the action. 

Only standard abbreviations are to be used. Consult the 


Estimating length of manuscripts 


With the éxception of Current Development articles, the length of text material (introduction 
through Comment section) in regular manuscripts accepted for publication normally ranges 
from 750 to 4200 words (an average of 2000 words). A text of 4200 words or more can seldom 
be accepted, especially if tables and figures are included. The average manuscript of 2000 words 


of text with abstract, 3 tables with captions, 2 figures with legends, and references makes a 

5.7-page article in the JOURNAL. The 2000 words of text alone makes approximately 8 pages 

of manuscript typed double-spaced with the required 1-inch margins (approximately 250 words 

per page). A table or figure that occupies both columns of half a JOURNAL page is equivalent 

to approximately 500 words in manuscript. Thus, if a greater number of illustrations and tables 
. is used, the length of the text should be adjusted accordingly. 





Council of Biology Editors Style Manual or the AMA’s 
Manual of Style. Abbreviations in the title are not accept- 
able. They should he avoided, if possible, in the abstract. In 
the text they should be kept to a practical minimum. The 
full term for which an abbreviation stands should precede 
its first use in the text unless it is a standard unit of mea- 
surement. 

Either the generic, chemical, or proprietary names of 
drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the name 
of the manufacturer and city and state. 

Regular articles are customarily organized into the 
following sections: an introduction and headings that 
identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 
rationale for the study and cite only the most pertinent 
references as background. 

In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to repeat the 
study) the plan, the patients, experimental animals or other 
species, material, and controls, the methods and procedures 
utilized, and the statistical method(s) employed. 

In the Results section present the detailed findings. In- 
clude mentions of all tables and/or figures. Figures and 
tables should supplement, not duplicate, the text; presen- 
tation of data in either one or the other will suffice. Em- 
phasize only your important observations; do not compare 
your observations with those of others. Such comparisons 
and comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Resu/ts section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgments. Acknowledge only persons who 
have made substantive contributions to the study. 

References. A reasonable number (25) is allowed, ex- 
cept in case reports and brief communications (limited to 2) 
and in manuscripts for the Current Development section 
(for which there is no limit). Number references consecu- 
tively in the order in which they are mentioned in the text. 
Use the format of the “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals” (Vancouver 
style) (N Engl J Med 1991;324:424-8). Journal titles 
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should conform to abbreviations used in Cumulated Index 
Medicus. 


Examples (if six or fewer authors, list all; if seven or 
more authors, list three then et al.): 


JOURNAL: Flamm BL, Dunnett C, Fischermann E, Quil- 
ligan EJ. Vaginal delivery following cesarean section: use 
of oxytocin augmentation and epidural anesthesia with 
internal tocodynamic and internal fetal monitoring. AM 
J OBSTET GYNECOL 1984;148:759-63. 


Books: Ledger WJ. Dystocia and prolonged labor. In: 
Wilson JR, Carrington ER, eds. Obstetrics and gynecol- 
ogy. St. Louis: CV Mosby, 1987 vol 8:474-93. 


Personal communications and unpublished data, if 
essential, may be used but not as numbered references. If 
they are used, they are to be referred to, within parenthe- 
ses, at the appropriate location in the text. If used, the 
author(s) must obtain written and signed permission for 
their use from the individual being quoted. This signed 
permission must accompany the manuscript when it is 
submitted to the Editor. Published abstracts can be used as 
numbered references; however, reference to the complete 
published article is preferred. 

Figures. The term figure includes all types of illustra- 
tions such as graphs, diagrams, photographs, flow charts, 
and line drawings. A reasonable number of figures will be 
reproduced without charge, but special arrangements must 
be made with the Editors for celor figures at an additional 
charge to the author. The quoted charge is per page of color, 
and as many as eight color figures can be included on one 
page if the color balance is appropriate. 

Figures must be cited consecutively in the text in Arabic 
numerals and identified with a gummed label on the back 
of the figure with author(s) name(s), title of article, figure 
number, and top marked clearly. Consistency in size within 
the article is strongly preferred. Any special instructions 
regarding sizing should be clearly noted. Do not use paper 
clips or mar the surface of figures in any way. Figures will 
be returned only on request by the author. 

For black-and-white figures, submit three sets of 3 X 4 
inch (minimum) to 5X7 inch (maximum) unmounted, 
glossy prints. All lettering must be done with commercially 
available paste-on letters (or numbers) or by a professional; 
typed or freehand lettering is not acceptable. All lettering 
must be in proportion to the drawing, graph, or photograph. 
Original drawings, appropriately done in black India ink, 
roentgenograms, and other material must be submitted 
as glossy prints with good black-and-white contrast. 


"For color figures submit original transparencies and two 
sets of unmounted prints on glossy (smooth surface) paper. 
Polaroid prints are not acceptable. Color transparencies 
must'have a color balance (consistency in lighting and film 
speed) that is acceptable to the author and Editors before 
acceptance for publication. Please note that 35 mm trans- 
parencies are enlarged to twice their original size. If it is 


important to deviate from this standard, please so indicate’ 


when the material is submitted. The top, first author’s last 
name, and figure number must be indicated on the front of 
each transparency and. the back of each print. 


5 key words/phrases for indexing purposes, and short title: 
If tablés and/or figures are used, an equivalent number of 


-words must be deducted from the total (see “Estimating 


Length of Manuscript”). 

Clinical Opinion. Limit of 3000 words. Include stan- 
dard abstract format of 50 to 150 words, 3 to 5 key words/ 
phrases, and short title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
standard abstract format of 50 to 150 words, 3 to 5 key 


‘ words/phrases, and short title. Submit to Dr. Zuspan. 


Computer-generated figures must be legible and ‘clearly: 


printed in jet black ink.on heavy coated paper with either 
a glossy or dull finish. Any patterns or shadings must be 
‘dark enough for reproduction and must be distinguishable 
from each other. Lines, symbols, and letters should be both 
smooth and complete. The legend should not appear on the 
figure. On the back of each figure the name of the first 
author and the figure number should be given and the top 
indicated. Three original individual laser or plotter prints 
are to be submitted unmounted with the manuscript. Laser 
prints should be full size at 300 dots per inch (DPI) or 
greater full-page resolution; multiple tllustrations on a page 
cannot be accepted. Dot matrix prints and photographic 
hhalftones.are not acceptable. Color figures are acceptable, 
but special arrangements must be made with the Editors. 
The colors used must be dark enough and of sufficient 
contrast for reproduction. With the exception of fluorescent 
colors, all colors can be reproduced in four-color figures. The 
preparation and submitting of color prints should fol- 
low the preceding guidelines for black-and-white computer- 
generated illustrations. 
Legends to figures. Legends for all figures must be 
typed together in numeric order double-spaced on one sheet 
` of paper (or more if necessary) separate from the text of the 
manuscript. This page must be numbered in sequence after 
the references, Titles should be included in the legend, not 
. ,on the print. Original magnifications should be provided. If 


a figure has been taken from copyrighted material,. the, 


: legend must give full credit to the original source. . 
Tables. Tables should be typed on separate sheets of 
paper, one table to a page, and included at the end of the 


text. They should be numbered in Roman numerals. Bach 
table must be cited in sequence at an appropriate point in 


the text. Titles should ‘be brief yet indicate clearly the pur- 
pose or content of each table, and each column should be 


Letters to the Editors. Letters to the Editors must be 
submitted in duplicate, typed double-spaced, and the text of 
the manuscript must be limited to a maximum of 400 words 
(excluding references, name[s] and address[es] of the sign- 
er[s], and the phrase “To the Editors”). The submitted 
Letter to the Editors must be accompanied by a signed 
copyright statement. If there are two or more signers of the 
Letter to the Editors, one of the authors may sign the 
copyright statement but must ‘add to the statement the 
following: “I sign for and accept responsibility for releasing 
this letter on behalf of any and all cosigners.”. These re- 
quirements apply to all types of Letters to the Editors. 
Letters should be sent to Dr. Zuspan. 

. Two types of letters will be considered for publication. (1) 
A Letter to the Editors commenting on an article that has 
appeared in the JOURNAL should be brief and directly re- 
lated to the published article. The editorial staff reserves the 


‘right to shorten letters if necessary and to make minor 


editorial alterations without reference to the writer. Letters 
may be published together with a reply from the original 


. author. If the original author does not respond, a notation 


precisely defined by headings. Abbreviations and special ` 


designations should be explained in a footnote to the table. 
If a table or any part thereof has been taken from copy- 
righted material, a footnote to the table must give full credit 
to the original source. Arrangements must be made with the 
Editors for elaborate tables because of space limitations. 
Permissions. Direct quotations, tables, or figures that 
have appeared in copyrighted material must be accompa- 
nied by written permission for their use from the copyright 
owner and original author along with complete reference 
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indicating “Response declined” will be published. As space 
for letters is limited, only a selection of letters submitted 
may be published. (2) A brief case presentation or a short 
report of a pertinent observation in the form of a Letter to 
the Editors will be considered for publication. 

Announcements. Announcements of major meetings 
and other significant activities must:be received at least 8 
weeks before the desired month of publication. All an- 
nouncements carry a charge of $60 U.S., and the fee must 
accompany the request to publish. Information will be lim- 
ited to title of meeting, date, place, and an address to obtain 
further information. Send announcements and payment, 
payable to this JOURNAL, to Kay G. Goehler, Senior Manu- 
script Editor, Journal Editing, Mosby—Year Book, Inc., 
11830 Westline Industrial Drive, St. Louis, MO 63146- 
3318. 

Books. Books received will be listed in the JOURNAL. 
They should be sent to Dr. Zuspan. No books will be re- 
turned. . 


Reprints 


The corresponding author will receive a price schedule 
and order form at the time of publication. Reprints in 


_ quantities must be ordered from the Publisher with the 


information. Photographs of identifiable persons must be . 


accompanied by signed releases. If Bi all recognizable 
features must be masked. ' E S3 
Requirements for certain types of manisin 


Case reports and brief clinical and basic science, 


communications. Limit of 700 words,.2 references. In- 
clude standard abstract format, of 50 words maximum, 3 to 


author’s consent. , 
Business communications 
‘Communications of a business nature and all advertising 


. -communications should be addressed to: Journal Publisher, 


Mosby-~Year Book, Inc., 11830 Westline Industrial Drive, 
St. Louis, MO 63146-3318, or call Journal Advertising 
Production Manager noe: 325-4177, ext. 4306, or 314- 


` 453-4306). 
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CHECKLIST AND COPYRIGHT STATEMENT 


Both the checklist and the copyright statement forms must be completed and sent with each 
submitted manuscript. If not completed, these forms will be returned to the author for com- 


pletion. 


These items appear in each monthly issue of the JOURNAL. A photocopy may be used. An 
exposition of the requirements given in the checklist is in the Information for Authors, which 


is published in each issue of the JOURNAL. 


CHECKLIST 


General 

-The original and two copies of the manuscript are sub- 
mitted. 

~The completed checklist is enclosed. The assignment of 
copyright signed by all authors accompanies the manu- 
script. 

-—Human experimentation has been approved by the local 
institution as stated in the Material and Methods section. 

~—~Guidelines for the care and use of nonhuman animals or 
other species approved by the institution have been fol- 
lowed as indicated in the Material and Methods section. 
The species is named in the title, abstract, key words, and 
Material and Methods section. 

-The covering letter with essential information is with the 
manuscript. . 

--All elements of the manuscript are typed in English dou- 
ble-spaced on bond paper with l-inch margins at top, 
bottom, and sides. 

~—All pages are numbered in the following order: title page, 
condensation, structured or standard abstract, body of 
the text, acknowledgments only of persons who have 
made substantive contributions to the study, references, 
legends, and tables. 


—-Signed, written permission from both the copyright ` 
holder and the original author for the use of tables, fig- — 


ures, or quotations previously published and their com- 
plete references are enclosed with the manuscript. 
—-Signed, written permission for the use of quotations of 
personal communications and unpublished data has been 
obtained from the person(s) being quoted and is enclosed. 


Authorship 

-~~In the covering letter that accompanies the submitted 
manuscript I/we have confirmed that all authors fulfilled 
both conditions required for authorship. 


Conflict of interest 

-—In the covering letter that accompanies the submitted 
manuscript the commercial association of the author or 
of any coauthors that might pose a conflict of interest is 
described. 


Previous publications 

--Enclosed with the submitted manuscript are two reprints 
each of articles the author and/or some of the coauthors 
have previously published, have submitted for possible 
publication, or have in manuscript form dealing with 
same patients, same animals, same laboratory experi- 
ment, or same data, in part or in full, as those reported 
in the submitted manuscript. Further explanation is pro- 
vided in the covering letter that accompanies the sub- 
mitted manuscript. 

Similarities, differences and explanation are provided in 


DAA 


the covering letter that accompanies the submitted 
manuscript. 


Reviewers 
—Names and addresses of three suggested reviewers are 
enclosed. 


Title page 

—These elements are given in the following sequence, and 
are typed double-spaced. 

—Title. 

—Author(s) name(s) and highest academic degree(s) are 
shown. 

—City(ies), state(s), and country other than United States 
in which the study was conducted are given. 

—The name(s) of the institution(s) section(s), division(s), 
department(s) in which the study was performed is pro- 
vided and the institutional affiliation(s) of the author(s) 
at the time of the study is indicated. 

—Acknowledgment of financial support is cited. 

—Name, address, business and home telephone numbers, 
and fax number of author to whom requests for reprints 
are to be sent are included. 

—If reprints will not be available, this has been stated on 
the title page. of 

—If the corresponding author is different from the author 
to whom reprint requests are to be sent, his/her name, 
address, business and home telephone numbers, and fax 
number have been added. 

—At the bottom of the page, a running head not exceed- 
ing 52 characters (including word spaces) has been typed. 


Condensation 

—On a separate sheet of paper, page 2 of the manuscript, 
a single sentence limited to 25 words delineating the 
essential point(s) is typed double-spaced. 


Abstract and key words or short phrases 

—The abstract (structured or standard format) is typed 
double-spaced with required margins on page 3 headed 
by the title and author(s) name(s). Beneath the abstract 
3 to 5 key words or short phrases are typed. 

—A structured abstract, with 150 words or less, is submit- 
ted as required for regular articles and society regular- 
type articles. The abstract contains the four required 
major headings: Objective(s), Study Design, Results, 
and Conclusion(s), each with a brief adequate presen- 
tation. 

—A standard abstract is submitted as required for Clinical 
Opinion and Current Development articles with 50 to 150 
words and for case reports and brief communications 
articles with a maximum of 50 words, be they indepen- 
dent or society articles. 


References 

—Are typed double-spaced. 

—-Are numbered consecutively in the order they are cited 
in the text. 

—The format of the “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals” is used. Ex- 
amples shown in Information for Authors have been fol- 
lowed. 

—Personal communications and unpublished observations 
are not used as numbered referenzes but are mentioned 
in the text with the written approval of the person being 
quoted. The signed approval is enclosed. 


Figures 

—Each is numbered with an Arabic numeral and cited in 
numeric sequence in the text. 

—Three sets of unmounted glossy prints for black-and- 
white figures are submitted, propezly numbered, labeled, 
and fop indicated on the back of each print. 


—Three sets of original computer-generated figures printed 
on heavy coated paper with either a glossy or dull finish, 
unmounted, each one on a page, and properly labeled on 
the back and top indicated are submitted. None are dot . 
matrix or photographic prints. 

—Original transparencies of color photographs appropri- 
ately numbered and identified and top indicated are sub- 
mitted along with two sets of unmounted prints on glossy 
paper, numbered and identified on the back. 


Figure legends 

—Are provided for each figure. 

—Are numbered and typed together in numeric order on 
one sheet of paper (more if necessary). The page is num- 
bered in sequence after the References page(s). 


Tables 

——Each table headed by a title and numbered in Ro- 
man numerals is typed double-spaced on a separate page. 

—Tables are cited in numeric sequence in the text. 


AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY 


COPYRIGHT STATEMENT 


Must be signed by ALL authors 


“The undersigned author(s) transfers all copyright ownership of the manuscript entitled 


to Mosby—Year Book, Inc., in the event the work is published. The undersigned author(s) warrants that the 
article is original; is not under consideration by another publication; and its essential substance, tables, or 
figures have not been previously published. This restriction does not apply to abstracts or press reports 
published in connection with scientific meetings. The author(s) confirms the final manuscript has been read 
and each author’s contribution has been approved by the appropriate author.” 


The responsible author(s} must be named 


(Type name) 


Signature 


Each author’s name must be typed underneath the signature. 


Date: 
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Fellowships 


The American Board of Obstetrics and Gynecology, Inc.: Approved fellowship 
training programs in obstetrics and gynecology subspecialties: Gynecologic On- 
cology; Reproductive Endocrinology; Maternal-Fetal Medicine 


CATEGORY 
State: City 
Institution 


GYNECOLOGIC ONCOLOGY 


Alabama: Birmingham 
Univ Ala 

California: Los Angeles 
LAC/USC Med Ctr 
UCLA 

California: Orange 
Univ Calif Irvine 


Connecticut: New Haven 
Yale Univ 
DC: Washington 
Georgetown Univ 
Walter Reed Army Med Ctr 
Florida: Miami 
Univ Miami 
Florida: Tampa 
Univ So Fla 
Iowa: Iowa City 
Univ Iowa Hosp & Clinics 
Kentucky: Lexington 
Univ Ky 
Kentucky: Louisville 
Univ Louisville 
Maryland; Baltimore 
Johns Hopkins Univ 
Massachusetts: Boston 
Brigham & Women’s Hosp 
Mass Gen Hosp 
Michigan: Ann Arbor 
Univ Mich 
Minnesota: Minneapolis 
Univ Minn 
Minnesota: Rochester 
The Mayo Clinic 
Missouri: St Louis 
Washington Univ 
New York: Bronx 
Albert Einstein Coll Med 
New York: Brooklyn 


SUNY Health Sci Ctr/Brooklyn 


New York: Buffalo 
Roswell Park Cancer Inst 
New York: New York 
Memorial Sloan-Kettering 


Mt Sinai Med Ctr 
New York: Rochester 
Univ Rochester 


Number of approved positions 


l per year (total 2) 


l per year (total 2) 
I per year, alt 2 per year (total 3) 


l per year, alt 2 per year, alt 1 per year 


(total 4, alt 5) (3 year program) 
I per year (total 2) 


l per year (total 2) 
| per year (total 2) 


l per year, alt 2 per year (total 3) 

l per year (total 3) (3 year program) 
| per year (total 2) 

l per year (total 2) 

l per year (total 3) (3 year program) 
l per year (total 2) 


| per year (total 2) 
l| per year (total 2) 


| per year (total 2) 

] per year, alt 2 per vear (total 3) 

l| per year (total 3) (3 year program) 
l per year (total 2) 

| per year (total 3) (2 year program) 
! per year (total 2) 


l per year (total 2) 


I per year, alt 2 per year, alt 1 per year 


(total 4, alt 5) (3 year program) 
I per year (total 2) 


] per year (total 2) 


Fellowships are listed alphabetically by state. 


Director of program 


Edward E. Partridge 


C. Paul Morrow 
Jonathan S. Berek 


Michael Berman 


Joseph T. Chambers 


Wilard Barnes 
Charles Harrison 


Hervy E. Averette 
Denis Cavanagh 
Barrie Anderson 

John R. van Nagell, Jr. 
Thomas G. Day, Jr. 
John L. Currie 


Ross Berkowitz 
Arlan F. Fuller 


James A. Roberts 
Linda Carson 

Karl C. Podratz 
David G. Mutch 
Carolyn D. Runowicz 
Mitchell Maiman 

M. Steven Piver 
Stephen C. Rubin 
Carmel J. Cohen 


Brent DuBeshter 
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26A Fellowships 


CATEGORY 
State: City 
Institution 





Number of approved positions 


GYNECOLOGIC ONCOLOGY — Cont’d 


North Carolina: Chapel Hill 
Univ NC 

North Carolina: Durham 
Duke Univ 

. Pennsylvania: Hershey 
Milton S. Hershey Med Ctr 

Pennsylvania: Philadelphia 

- Hosp Univ Pa 

Texas: Dallas 
Univ Tex/Southwestern 


Texas: Houston 
M.D. Anderson Cancer Ctr 


l per year (total 2) 
I per year (total 2) 
I per year (total 2) 
1 per year (total 2) 


l per year (total 3) 
(3 year program) 


3 per year (total 6) 


REPRODUCTIVE ENDOCRINOLOGY 


California: La Jolla 


Univ Calif San Diego Med School 


California: Los Angeles 
LAC/USC Med Ctr 
UCLA/Cedars-Sinai Med Ctrs 

California: Orange 
Univ Calif Irvine Med Ctr 

California: San Francisco 
Univ Calif San Francisco 

California: Stanford 
Stanford Univ 

California: Torrance 
Harbor-UCLA Med Ctr 

Connecticut: Farmington 

- Univ Conn 

Connecticut: New Haven 
Yale Univ 

DC: Washington 
George Washington Univ 
Georgetown Univ School Med 
Walter Reed Army Med Ctr 

Florida: Tampa 
Univ So Fla 

Georgia: Augusta 
Med Coll Ga 

Illinois: Chicago 
Humana Hosp/Michael Reese 
Northwestern Univ 
Rush Med Coll 
Univ Chicago 


Iowa: Iowa City 
Univ lowa 

Kentucky: Lexington 
Univ Ky 

Kentucky: Louisville 
Univ Louisville 

' Maryland: Baltimore 


Johns Hopkins Univ School Med 


Univ Md 


2 per year (total 4) 


3 per year (total 6) 
2 per year (total 4) 


1 per year (total 2) 


3 per year (total 6) 


| per year (total 3) (3 year program) 


| per year, total 2 
l] per year (total 2) 
2 per year (total 4) 
l per year (total 2) 
] per year (total 2) 
3 per year (total 6) 
1 per year, total 2 
2 per year (total 4) 
2 per year (total 4) 
l per year (total 2) 
2 per year (total 4) 
1 alt years (total 1, alt 2) (3 year 
program) 

l] per year (total 2) 
| per year (total 2) 


| per year (total 2) 


. 3 per year (total 6) 


l per year (total 2) 


November i992 
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Director of program 


Wesley C. Fowler, Jr. 
Daniel L. Clarke-Pearson 
Rodrigue Mortel 

John J. Mikuta 


David S. Miller 


J. Taylor Wharton 


Samuel S.C. Yen 


Rogerio A. Lobo 
Howard L. Judd 


Ricardo H. Asch 
Robert B. Jaffe 
Emmet J. Lamb 
Oscar A. Kletzky 
Anthony.A. Luciano 
David L. Olive 


Robert J. Stillman 


‘James A. Simon 


Lawrence M. Nelson 
George B. Maroulis 
Paul G. McDonough 
Edward L. Marut 
Ralph R. Kazer 

Ewa Radwanska 
Randall B. Barnes 
F.K. Chapler 

Ken Muse 


Marvin A. Yussman 


Howard A. Zacur 
Eli Y. Adashi 
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Fellowships are listed alphabetically by state. 
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CATEGORY | 
State: City 
Institution 


Number of approved positions 


REPRODUCTIVE ENDOCRINOLOGY—Cont’d 


Massachusetts: Boston 
Brigham & Women’s Hosp 
Tufts Univ/New England Med Ctr 
Michigan: Detroit 
Wayne State Univ 
Minnesota: Rochester 
. , The Mayo Clinic 
Missouri: St Louis 
Washington Univ 
New Jersey: New Brunswick 
UMDNJ/Robt Wood Johnson 
New Jersey: Newark 
UMDN]/New Jersey Med School 
' New York: New York 
Coll Phys Surg/Columbia Univ 
Cornell Univ Med Coll - 
Mt Sinai Med Ctr 
North Carolina: Chapel Hill 


3 per year (total 6) 
l per year (total 3) (3 year program) 


I per year, alt 2 per year (total 3) 
1 per year (total 2) 
l per year (total 2) 
I per year (total 2) 
2 per year (total 4) 
l per year (total 2) 


2 per year (total-4) 
l| per year (total 2) 


Univ NC l per year (total 2) ` 
North Carolina:. Durham ee er 
Duke Univ 


l| per year, alt 2 per year (total 3) 

Ohio: Cincinnati : 

Univ Cincinnati 
Ohio: Columbus 

‘Ohio State Univ 
Oregon: Portland. 

Oregon Health Sci Unie 
Pennsylvania: Philadelphia 

Hosp Univ Pa 
Tennessee: Memphis 

Univ Tenn 
Texas: Dallas 

‘Univ Tex/Southwestern 
Texas: San Antonio 

Univ Tex/San Antonio 
Vermont: Burlington 


l per year (total 2) - 

| per year, alt 2 per year (total 3) 
I per yer (total 2) 

3 per year (total 6) 

| per year (total 2) 

2 per year, alt 3 per year (total 5) 


l per year (total 2) 


Univ. Vt l per year (total 3) (3 year program) 
Virginia: Charlottesville i 
Univ Va 1 alt years (total 1) 


Virginia: Norfolk - 
Eastern Va Med School 
Wisconsin: Madison 
Univ Wis 
Canada: Montreal (Que) 
McGill Univ 


2 per year (total 4) 
l per year (total 2) 
l per year (total 2) 


MATERNAL-FETAL MEDICINE oe He Gan 


Alabama: Birmin gham 


Univ Ala 2 per year (total 4) 
Arizona: Tucson 

Univ Ariz l] per year (total 2) 
Arkansas: Little Rock 

Univ Ark l per year (total 2) 


Fellowships are listed alphabetically by state. 





Fellowships 27A 


Director of program 


Kenneth J. Ryan 
Richard Reindollar 


Kamran S. Moghissi 
Steven J. Ory ` 
Ronald C. Strickler 
Ekkehard Kemmann 
Nanette Santoro 
Amalia Kelly 

Zev Rosenwaks 
Lawrence Grunfeld 
Mary G. Hammond 
Arthur F. Haney 
James H. Liu 

Chad I. Friedman 
Kenneth A. Burry 
Luigi Mastroianni 
John E. Buster 
Bruce R. Carr 
Robert S. Schenken 
John R. Brumsted 
James D. Kitchin III 


Charles C. Coddington 


_ Sander S. Shapiro 


A. Brian Little 


John C. Hauth 
Kathryn L. Reed 


Curtis L. Lowery 


28A Fellowships 


CATEGORY 
State: City 
Institution 






Number of approved positions 


MATERNAL-FETAL MEDICINE—Cont’d 


California: La Jolla 
Univ Calif San Diego Med Ctr 
California: Loma Linda 
Loma Linda Univ 
California: Los Angeles 
LAC/USC Med Ctr 
UCLA 
California: Orange 
Univ Calif Irvine/Long Beach Hosp 
California: San Francisco 7 
Univ Calif San Francisco 
California: Stanford 
Stanford Univ Med Ctr 
California: Torrance 
Harbor-UCLA/Cedars-Sinai 
Colorado: Denver 
Univ Colo 
Connecticut: Farmington 
Univ Conn 
Connecticut: New Haven 
Yale Univ 
DC: Washington 
George Washington Univ 
Georgetown Univ 
Florida: Gainesville 
Univ Fla 
Florida: Miami 
Univ Miami 
Florida: Tampa 
Univ So Fla Coll Med 
Georgia: Atlanta 
Emory Univ School Med 
Georgia: Augusta 
Med Coll Ga 
Illinois: Chicago 
Northwestern Univ Med Ctr 
Rush Presbyterian/St Lukes 
Univ Chicago 
Univ Ill 
Illinois: Springfield 
So Ill Univ 
Indiana: Indianapolis 
Ind Univ School Med 
Iowa: Iowa City 
Univ Iowa 
Kentucky: Lexington 
Univ Ky Med Ctr 
Kentucky: Louisville 
Univ Louisville School Med 
Louisiana: New Orleans 
La State Univ 
Maryland: Baltimore 
Johns Hopkins Univ 
Univ Md 


I per year, alt 2 per year (total 3) 
l per year (total 2) 


4 per year (total 8) 
1 per year (total 2) 


3 per year (total 6) 
2 per year el 4) 
l per year (total 2) 
3 per year (total 6) 
l per year (total 2) 
2 per year (total 4) 
l per year (total 2) 


| per year (total 2) 
l per year (total 2) 


| per year (total 2) 

2 per year (total 4) 

3 per year (total 6) 

l per year (total 2) 

| per year (total 2) 

2 per year, alt 3 per year (total 5) 
1 per year (total 2) 

l per year (total 2) 

2 per year (total 4) 

l per year (total 2) 

per year (total 2) 

1 per year (total 3) (3 year program) 
l per year (total 2) 

2 per year (tctal 4) 

L per year (total 2) 


2 per year (total 4) 
1 per year, alt 2 per year (total 3) 


November 1992 
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Director of program 


Thomas R. Moore 
Barry Block 


Richard H. Paul 
Brian J. Koos 


Thomas J. Garite 
Juhan T. Parer 

R. Harold Holbrook, Jr. 
Michael Ross 

Roger R. Lenke 
Anthony M. Vintzileos 
Joshua A. Copel 


John H. Grossman HI 
John T. Queenan 


Amelia C. Cruz 
Mary Jo O’Sullivan 
Willam F. O’Brien 
John F. Huddleston 
Lawrence D. DeVoe 
Michael L. Socol 
Howard T. Strassner, Jr. 
Mark Phillippe 
Andre Bieniarz 
Robert C. Kaufmann 
Alan M. Golichowski 
Carl P. Weiner 
Frank C. Miller 
Joseph A. Spinnato 


Harvey A. Gabert 


Timothy R.B. Johnson 
David A. Nagey 
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Fellowships are listed alphabetically by state. 
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CATEGORY 
State: City 
Institution 


Number of approved positions 





MATERNAL-FETAL MEDICINE—Cont’d 


Massachusetts: Boston 
Brigham & Women’s Hosp 
Tufts Univ/New England Med Ctr 
Michigan: Ann Arbor 
Univ Mich Med Ctr 
Michigan: Detroit 
Wayne State Univ 
Mississippi: Jackson 
Univ Miss 
Missouri: St Louis 
Washington Univ School Med 
New Jersey: New Brunswick 
UMDNJ/Robt Wood Johnson 
New Jersey: Newark 
UMDNJ/NJ Med School 
New Mexico: Albuquerque 
Univ NM 
New York: Bronx 
Albert Einstein Coll Med 
New York: Brooklyn 
SUNY Health Sci Ctr/Brooklyn 
New York: Buffalo 
SUNY Health Sci Ctr/Children’s 
Hosp 
New York: New York 
Columbia Univ 
Mt Sinai School Med 
NY Hosp/Cornell Univ 
NY Univ 
New York: Rochester 
Univ Rochester 
New York: Stony Brook 
SUNY Health Sci Ctr/Stony Brook 
New York: Valhalla 
NY Med Ctr/Westchester Cnty 
North Carolina: Chapel Hill 
Univ NC 
North Carolina: Durham 
Duke Univ 
North Carolina: Winston-Salem 
Bowman Gray School Med 
Ohio: Cincinnati 
Univ Cincinnati 
Ohio: Cleveland 
MetroHealth Med Ctr 
Univ MacDonald Womens Hosp 
Ohio: Columbus 
Ohio State Univ 
Oklahoma: Oklahoma City 
Univ Ok Coll Med 
Oregon: Portland 
Ore Health Sci Univ 


2 per year (total 4) 
2 per year (total 4) 


l per year (total 3) (3 year program) 
3 per year (total 6) 

2 per year (total 4) 

3 per year (total 6) 

| per year (total 2) 

l per year (total 2) 

2 per year (total 4) 

2 per year, alt 3 per year (total 5) 
l per year (total 2) 

l per year (total 2) 

2 per year (total 4) 

l per year, alt 2 per year (total 3) 
l per year (total 2) 

I per year (total 2) 

l per year, alt 2 per year (total 3) 
1 per year (total 2) 

l per year (total 2) 

l per year, alt 2 per year (total 3) 
l per year, alt 2 per year (total 3) 
l] per year (total 2) 

2 per year (total 4) 


2 per year (total 4) 
] per year (total 2) 


l per year (total 2) 
l per year (total 2) 


l per year (total 2) 


Fellowships 


Director of program 


Fredric D. Frigoletto 
Mary E. D’Alton 


Robert H. Hayashi 
Sidney F. Bottoms 
James N. Martin, Jr. 
D. Michael Nelson 
Robert A. Knuppel 
Joseph J. Apuzzio 
Luis B. Curet 
Irwin R. Merkatz 
Howard L. Minkoff 
William P. Dillon 
Harold E. Fox 
Lauren Lynch 
Frank Chervenak 
Bruce K. Young 
James R. Woods, Jr. 
David A. Baker 
Nergesh Tejani 
Robert C. Cefalo 
Allen P. Killam 
J-C. Veille. 

Tariq A. Siddiqi 


LeRoy J. Dierker, Jr. 
Method Duchon 


Jay D. Iams 
Gary R. Thurnau 


Lowell Davis 


29A 
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Fellowships are listed alphabetically by state. 
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CATEGORY 
State: City ; l 
Institution Number of approved positions | Director of program 





MATERNAL-FETAL MEDICINE—Cont’d 
Pennsylvania: Philadelphia 


Hosp Univ Pa © 2 per year (total 4) . . Arnold W. Cohen 

Pa Hosp 2 per year (total 4) Stuart Weiner 

Temple Univ l per year (total 2) E. Albert Reece 

Thomas Jefferson Univ 2 per year (total 4) Ronald J. Wapner 
Pennsylvania: Pittsburgh ` E io 

Univ Pittsburgh , 2 per year (total 4) Daniel I. Edelstone 
Rhode Island: Providence “ae | 

Brown Univ ' | per year (total 2) Marshall: W. Carpenter 
South Carolina: Charleston . | 

Med Univ SC l per year (tctal 2) Roger B. Newman 
Tennessee: Memphis F i oo | 7 

Univ Tenn 2 per year (total 4) Baha M. Sibai 
Tennessee: Nashville Oe es ae by 4 > 

Vanderbilt Univ 1 per year (total 2) l Frank H. Boehm 
Texas: Dallas Bi 

Univ Tex/Southwestern | 3 per year, alt 4 per year (total 7) Larry C. Gilstrap III 
Texas: Houston À T ; 

Baylor Coll Med 3 per year (total 6) ` i Kenneth Moise, Jr. 

Univ Tex/ Houston 3 per year (total 6) Valerie M. Parisi 
Texas: San Antonio uk , 

Univ Tex/San Antonio 2 per year (total. 4) `., . Edward R. Newton 
Utah: Salt Lake City 

Univ Utah 1 per year (total 3) (3 year program) D. Ware Branch 
Vermont: Burlington oe | 

Univ Vt l per year (total 3) (3 year program) ` Eleanor L. Capeless 
Washington: Seattle | | 

Univ Wash ] per year (total 2) Thomas J. Benedetti 
Washington: Tacoma = ae . 

Madigan Army Med Ctr l per year (total 2) Jerome N. Kopelman 
Wisconsin: Madison Eh S es oa 

Univ Wis I per year (total 2) Chester B. Martin, Jr. 





e 


Fellowships are listed alphabetically òy state. 













For every 
member of 
the perinatal 
team... 


As the official publication of the National Perinatal 
Association and the California Perinatal Association, 
the Journal of Perinatology provides practical, thought- 








provoking articles for clinicians and researchers. 


Designed to be used by every member of the 
perinatal team, this bimonthly journal serves 
perinatologists, neonatologists, obstetricians / 


gynecologists, pediatricians, neonatal and perinatal 


nurses, respiratory therapists, pharmacists, and 
social workers. The Journal’s multidisciplinary 
approach examines all facets of perinatology— 
including its clinical, professional, political, admin- 
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The Prenatal Screening Specialists’ Recent Innovation 
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NTD Laboratories Develops Paper Spot Blood Collection 
for Prenatal Screening Specimens 
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NTD Laboratories has developed an extraordinary innovation for physicians and laboratorians: Sepo Small droplets ol 
patients’ prenatal screening blood are pressed onto absorbent paper cards using simple fingersticks. This technology reduces health risks 
` from blood borne pathogens, lowers costs, end alleviates inconvenience in drawing blood samples. Compliance with government regu- 
lations is made easier for physicians and staff. ScreenSpot(+) ™ is a patent pending scientific discovery by NTD Laboratories, Inc. The 
discovery has been reduced to practice in a superior assay system and is used in conjunction with prenatal screening for the detection 
of open neural tube defects and Free Beta™ investigational Down syndrome screening. Apologies, but no orders from California. 


l NTD Laboratories, Inc. 74e P-eratal S: CKEENING Specialists 
, wire 393 Old Country Road, Suite 300, Carle Place, New York 11514-2137 FAX: 516-338-5798 
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Sterilization needs in the 1990s: The case for quinacrine 


nonsurgical female sterilization 


Stephen D. Mumford, DrPH, and Elton Kessel, MD 


Research Triangle Park, North Carolina, and Portland, Oregon 


Much evidence suggests that demand for sterilization is a function of supply of surgical sterilization 
services in less-developed countries. If such Services were greatly expanded, the number of procedures 
performed would grow dramatically. While the prevalence of sterilization is estimated to increase from 
23.5% to 28.8% of married women of reproductive age in the 1990s, there will actually be 106,432,000 
more couples of reproductive age at the end of this decade than at its beginning who use either no 


method or a far less effective method with much lower continuation rates than sterilization—nearly a 20% 
increase. To achieve a mean sterilization prevalence of 47% of married women of reproductive age in the 
less-developed world, as now seen in the Republic of Korea and Puerto Rico, the number of sterilizations 


would need to be more than double the current projection for the 1990s: 328,429,000 rather than 
159,000,000. The quinacrine pellet method for nonsurgical female sterilization offers hope that this 
enormous shortfall in sterilization services can be overcome in this decade. (Am J OBSTET GYNECOL 


1992;167:1203-7.) 


Key words: Female sterilization, nonsurgical, quinacrine 


Sterilization is the only contraceptive method that is 
highly effective and has a continuation rate approach- 
ing 100%. For couples who are certain they want no 
more children, this is a desirable option. Sterilization 
has been widely accepted around the world. In the 
United States more than two thirds of the couples who 
desire no more children have been sterilized; if current 
trends continue, the proportion will soon approach 
80%.' As discussed later, cohorts in several less-devel- 
oped countries approach the current United States 

. rate. 

Ravenholt,’ after 14 years of experience as the head 
of the United States Agency for International Devel- 
opment’s Population Assistance Program, concluded 
that it is not possible to establish the level of demand 
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for a family-planning service unless that service is fully 
available to all who may desire it. Ravenholt’s conclu- 
sion is intuitively reasonable. 

Actual demand for sterilization has probably never 
been measured in any country. Indeed, it is unlikely 
that it can currently be done with accuracy. What has 
been measured in hundreds of regional and national 
surveys around the world is the demand for sterilization 
that has already been met by the supply of services, a 
more traditional definition, which, in spite of its limi- 
tations, we have used for the purposes of this article. 

National family planning surveys since 1985 covered 
about 80% of the developing world’s population and 
about 95% of all contraceptive users. Ross? recently 
completed a study of sterilization prevalence and pro- 
jections in less-developed countries for this decade as 
a part of the United Nations Fund for Population Ac- 
tivities Population Council Project on “Monitoring 
and Analysis of National Family Planning Programs.” 
We have assessed the program implications of his 
data. 


Past demand for sterilization 


In the developing world as a whole, about 23% of all 
married women of reproductive age have been steril- 
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Table I. Number and percent of married 
women of reproductive age using sterilization 
in selected countries (1990 estimate) 







Married women of 
reproductive age 






No. 
(thousands) 

China 82,519 36.8 
India 52,511 31.3 
Brazil 8,112 30.4 
Korea, Republic of 3,639 47.6 
Mexico 3,207 21.8 
Thailand 2,796 30.4 
Bangladesh 2,469 — 

Indonesia 1,188 — 

Philippines 1,135 — 

Colombia 1,082 19.6 
Korea,, PDR 992 22.3 
Taiwan 950 26.0 
Argentina 917 19.9 
Sri Lanka 830 31.4 
Dominican Republic 407 36.5 
Puerto Rico — 46.8 
Panama — 37.7 
El Salvador — 36.1 


Data from Ross JA. Sterilization: past, present, future. Stud 
Fam Plann [In press]. 


Table II. Proportion of couples using 
sterilization method in selected cokorts 


74% at ages 35-39 for couples with three children in the 
Republic of Korea, 1988 

62% at ages 35-39 in Panama, 1984 

60% at ages 35-39 in China, 1988 

57% at ages 35-39 in the Dominican Republic, 1986 

54% at ages 35-39 in the Republic of Korea, 1988 

51% at ages 35-39 and 40-44 in India, 1988 

49% at ages 30-34 in El Salvador, 1985 

43% at ages 35-39 in Brazil, 1986 


Data from Ross JA. Sterilization: past, present, future. Stud 
Fam Plann {In press]. 


ized and about 50% of all contracestive users are now 
protected by sterilization. Surgical sterilization is by far 
the most important contraceptive method used, pre- 
venting more unwanted pregnancies than all other 
methods combined. High rates of ecceptance in many 
countries can be seen in Table I. According to a 1990 
estimate, 49% of all contraceptors and 37% of all mar- 
ried women of reproductive age in China rely on ster- 
ilization. In India, 70% of all contzaceptors and 31% 
of all married women of reproductive age use steril- 
ization. These two countries account for 82% of all 
users of sterilization in the less-developed world. 
Table II shows a high level of acceptance of steril- 
ization in selected cohorts in very diverse cultures. For 
example, couples in which the wives or husbands have 
been sterilized are as follows: in Panama 62% of couples 
with wives aged 35 to 39 years; in China 60% of those 
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Table III. Percentage of women wanting no 
more children in selected countries in 1980s 


Peru 73 
Colombia 69 
Thailand 67 
Ecuador 67 
Egypt 64 
Mexico 64 
Dominican Republic 63 
Tunisia 58 
Trinidad and Tobago 57 
Indonesia 51 
Kenya 49 
Morocco 48 


Data from United Nations Fund for Population Activities. 
Population issues briefing kit. New York: United Nations, 
1991. 


aged 35 to 39; in India 51% of those aged 35 to 39 
and 40 to 44; and in El Salvador 49% of those aged 30 
to 34. 

Ross? concludes from these surveys that if current 
trends continue, 80% of couples in a number of de- 
veloping countries will have been sterilized by the time 
the woman reaches age 50. Collectively, the data in 
Tables I and II confirm the broad acceptance of ster- 
ilization in different cultures where it has been widely 
offered. Furthermore, a high percentage of women in 
many countries want no more children (Table III). For 
example, surveys undertaken in the 1980s found that 
73% of women in Peru want no more children, 69% in 
Colombia, 67% in Thailand, 64% in Egypt, and 51% 
in Indonesia.‘ Sterilization is a realistic option for these 
couples, yet the majority of them do not have access to 
the method. 

Unfortunately, less-developed countries have not > 
been able to offer surgical sterilization to all who want 
it without significant barriers—a prerequisite for es- 
tablishing true demand for this procedure. 


Projected demand for sterilization In this decade 


Three different estimates have been made for the 
number of new sterilizations that will be performed in 
this decade. Mauldin used the simplest approach by 
taking the United Nations medium projection of the 
total fertility rate and keeping the present method mix 


through time. He estimated that there will be 


151,000,000 new sterilizations in the 1990s.° 

Ross? applied two approaches. In one he used the 
TARGET computer simulation program to make the 
projection. He started with the current method mix and 
prevalence level for all less-developed countries and 
assumed that the sterilization share will increase from 
50% to 60% over the decade. An estimate of 
164,000,000 was obtained. 

In a second estimate he attempted to be more precise 
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Table IVA. Losing ground with program reliance on surgical sterilization in 1990s 





728,170,000* Couples in reproductive age pool in less-developed countries in 1990 (a) 

931,783,000* Couples in the reproductive age pool in less-developed countries at end of decade (b) 

203,613,000 Couple increase in reproductive age pool (c) 
c=b-a 

171,328,000* Couples using sterilization in less-developed countries in 1990 for prevalence of 23.5% (d) 


Year 1990 prevalence = d + a X 100 


159,000,000* New sterilizations in 1990s 


61,819,000* New sterilization that will simply be replacements for couples leaving pool because of aging (f) 
97,181,000 Increase in pool of sterilized couples of reproductive age during decade (g) 
Eare 
47,849,000 New sterilizations will be needed just to keep same prevalence because of growth of reproductive age (h) 
pool 
h =e X 0.235 
49,332,000 Users remaining to raise prevalence (i) 


=gh 


Prevalence increases from 23.5% to 28.8% of couples during decade 


Year 2000 prevalence = d + g + 0 X 100 


106,432,000 


Increase in number of couples during decade who will use either no method or methods that are far (j) 
less effective and have much lower continuation rates than sterilization 


J=5c-E 


There will be nearly 20% increase in number of these couples during decade 


Percent increase = j + (a — d) X 100 = 19.1% 


*Data from Ross JA. Sterilization: past, present, future. Stud Fam Plann [In press]. 


by using current trends in the growth of the sterilization 
acceptance rate. This yielded an estimate of 
159,000,000 new sterilizations in the 1990s, which we 
have used in our analysis. 

Ross noted that at the beginning of the decade there 
were 728,170,000 couples in the reproductive age pool 
of less-developed countries; however, by the year 2000 
there will be 931,783,000 for an increase of 
203,613,000 couples. In 1990 there were 171,328,000 
couples who relied on sterilization, and although 
159,000,000 new procedures will have been performed 
this decade, 61,819,000 are needed just to replace those 
leaving the pool. In spite of the resulting 97,181,000 
increase (159,000,000 — 61,819,000) in their number, 
47,849,000 new sterilizations will be needed just to 
keep the prevalence the same, 23.5%. Only 49,332,000 
users remain to raise the prevalence, which will in- 
crease to 28.8%. These findings are summarized in 
Table IVA. 


Program implications 


The Ross findings have alarming program implica- 
tions. Through further calculations (Table IVA) it can 
be seen that there will be 106,432,000 more couples at 
the end of the decade than at its beginning who will be 
using either no method or a less effective one with 


a much lower continuation rate than sterilization. This 
is nearly a 20% increase during the decade. 

Our goal should be to make it possible for the prev- 
alence of sterilization to reach the level now seen in the 
Republic of Korea and Puerto Rico (recognizing that 
it took decades to reach this level in Puerto Rico). If- 
sterilization were made fully available to all couples in 
less-developed countries, we assume the prevalence 
could resemble the Korean and Puerto Rican levels 
(47% of married women of reproductive age). In the 
two largest less-developed countries the figures are al- 
ready at 37% (in China) and 31% (in India). As noted 
earlier (Table I}, some cohorts have already exceeded 
47% in countries as diverse as Panama, China, the Do- 
minican Republic, India, and El Salvador. 

In the 1980s a majority of women (73% in Peru) in 
many different countries (Table IJI) said they wanted 
no more children, further evidence that 47% of mar- 
ried women of reproductive age is a reasonable goal. 
However, creating the possibility and realizing it are 
two different goals. We will not know if the two goals 
can be achieved until we try. 

To increase the prevalence to 47% of married women 
of reproductive age throughout the less-developed 
countries during the 1990s, the number projected to 
be performed must be more than doubled from the 
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Table IVB. Unmet demand for sterilization in less-developed countries at end of 1990s with 1990 
prevalence rate of Republic of Korea and Puerto Rico as standard (47% of married women of 


reproductive age) 





437,938,000 Sterilizations needed to achieve 47% prevalence in less-developed countries by year 2000 (k) 
k= b x 0.47 
109,509,000 Number sterile in 1990 who will remain in pool of sterilized couples in 2000 (I) 
Heg 
169,429,000 Deficit in number of sterilizations in year 2900 if surgical sterilizatior. is relied on (m) 


to achieve 47% prevalence of married women of reproductive age 


159,000,000 estimated by Ross to 328,429,000, an in- 
crease of 169,429,000. This estimate is obtained with 
figures from Table IVB. A 47% prevalence among the 
931,783,000 couples expected by the year 2000 would 
mean that 437,938,000 couples would be sterilized at 
that time. To achieve this prevalence we would add the 
number in 1990 who will remain in the pool of sterilized 
couples of reproductive age in the year 2000 
(171,328,000 — 61,819,000 = 109,509,000), the num- 
ber of sterilizations currently projected for the 1990s 
(159,000,000), and the 169,429,000 needed to arrive 
at 437,938,000 sterilizations. 

Although sterilization is the method of choice for 
couples who are sure they desire no more children, 
clearly surgical sterilization cannot safely meet the 
needs of this population in less-developed countries in 
the 1990s. Almost half of all surgical sterilizations in 
the 1990s will occur in China alone. China accounts for 
approximately one fourth of the population in less- 
developed countries. Thus Chinese couples will be 
three times as likely as others in less-developed coun- 
tries to use this method, strongly suggesting that there 
will be considerable unmet need in the other less-de- 
veloped countries. While the prevalence of surgical 
sterilization will rise, there will be a remarkable increase 
in the absolute number of couples who would choose 
this method but would have no hope of getting it. It is 
unlikely that the availability of surgical sterilization 
could meet this need safely in this decade simply be- 
cause of the limitations of surgical resources. 


The quinacrine pellet method 


A recent review of ongoing research of nonsurgical 
methods’ suggests the quinacrine pellet method of non- 
surgical female sterilization to be the only one ready 
for large-scale use. The quinacrine pellet method as 
developed by Zipper et al. involves transcervical intra- 
uterine administration of 252 mg of quinacrine as pel- 
lets through a modified copper T intrauterine contra- 
ceptive device inserter. Two insertions a month apart 
are made in the proliferative phase of the menstrual 
cycle,’ resulting in occlusion of the fallopian tubes. Pre- 


m=k-—(a—-f)—-e 


hysterectomy studies*"° show this occlusion to be caused 
by inflammation and fibrosis, and it is limited primarily 
to the intramural segment o= the tube. 

Experience with this method is growing rapidly. At 
the First International Symposium on the Quinacrine 
Pellet Method of Nonsurgical Female Sterilization held 
in Bandung, Indonesia, on Sept. 15, 1991, the results 
of studies of >25,000 cases were reported. It is esti- 
mated that >50,000 procedures were performed 
worldwide by mid-1992. We project that current in- 
vestigators alone will have completed 175,000 by the 
end of 1992. 

The method is proving to be effective." With the 
addition of adjuvants, such as antiprostaglandins,” the 
failure rate has been markedly reduced when com- 
pared with results of studies that used quinacrine alone. 
With recent improvements the method is currently suc- 
cessful 98% to 99% of the time. Four studies have been 
reported that used a protocol of three insertions of 252 
mg of quinacrine pellets alore. In 1980, Zipper et al.° 
reported a 12-month cumulative gross life-table preg- 
nancy rate of 3.1 per 100 women at 1 year. In 1984, 
Guzman-Serani et al. reported cumulative gross life- 
table rates per 100 women oz 0.7 at 1 year and 4.3 at 
3 years. The next year Bhatt and Waszak" reported 
cumulative gross life-table pregnancy rates per 100 
women of 0.0 at 12 months and 3.7 at 4 years. In 1987, 
Zipper et al., reporting on another study, found cu- 
mulative gross life-table pregnancy rates per 100 
women of 3.3 at 1 year and €.7 at 2 years. 

The method is proving to be safe. At the Bandung 
symposium reports were given on 2000 cases from 
Chile, 9300 from India, 10,000 from Vietnam, 2700 
from Pakistan, and 1000 from other countries. Not a 
single serious complication was reported among these 
25,000 cases. However, we would have expected 425 
complications from 25,000 surgical sterilizations—a 
rate of 1.7%.'* '® 

Not a single death has been reported with the quin- 
acrine pellet method. Two reports on deaths attribut- 
able to surgical sterilization in developing countries 
found rates of 19 deaths” and 20 deaths? per 100,000 


Volume 167 
Number 5 


procedures. However, for developing countries gen- 
erally, the rate is thought to be six to nine deaths per 
100,000 procedures compared with 1 or 2 in the United 
States.'? Thus we would have expected two deaths in 
25,000 surgical sterilizations. 

The quinacrine method has three other very impor- 
tant attributes. The pellets and inserters cost <25 cents 
(U.S.) per sterilization, affordable to the world’s poorest 
women if it is made accessible. It is a procedure that 
anyone trained in intrauterine contraceptive device in- 
sertions and counseling can perform. Expansion of ser- 
vices can be very rapid. For example, in Vietnam, 200 
procedures were performed in 1988 and 1989. In the 
month of September 1991 alone, the number had 
reached >7000. In 1991 and 1992, it is expected to 
exceed 100,000. 

As a result of its ease of delivery, this method can 
save many lives by raising contraceptive prevalence 
among high-risk mothers who desire no more children 
in countries with high maternal mortality. Nearly 
500,000 of these women lose their lives each year as a 
result of pregnancies that were mostly unwanted.” For 
example, in these countries, on average, a sterilization 
prevents two pregnancies. On the Indian subcontinent, 
maternal mortality is 500 per 100,000 live births. For 
each additional 100,000 procedures performed be- 
cause of the ease of delivery of this method, the lives 
of twice the maternal mortality rate would be saved 
(1000 lives per 100,000 procedures). The 12,000 pro- 
cedures performed in India and Pakistan that were 
reported at the Bandung symposium saved an esti- 
mated 120 lives, because they all were essentially ad- 
ditional procedures. 

We know only too well that the requirements in pro- 
viding safe surgical sterilization, the necessary surgical 
skills, the facilities, the equipment, and the supplies will 
seriously restrict the provision of these services. Reli- 
ance on surgical sterilization to meet world demand for 
sterilization services in this decade is certain to result 
in a serious shortfall. The quinacrine pellet method 
offers hope that this shortfall can be remedied. 


We thank Irene Rosenfeld for her assistance. 
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Predictors for live birth after unexplained spontaneous 
abortions: Correlations between immunologic test results, 
obstetric histories, and outcome of next pregnancy 


without treatment 


F. Susan Cowchock, MD, and J. Bruce Smith, MD 
Philadelphia, Pennsylvania 


. Our objective was to determine whether results from tests for maternal serum antinuclear antibodies, 
cytotoxic antibodies to paternal lymphocytes, parental histocompatibility types, and blocking factors for 
maternal-paternal mixed lymphocyte reactions were predictive of pregnancy outcome without immunologic 
treatment. Pregnancy outcome data frorn 95 women with a history of unexplained recurrent spontaneous 
abortions who underwent immunologic tests at Jefferson Medical College were evaluated with multiple 
logistic regression analyses. The number of prior spontaneous abortions, history of another relevant 
diagnosis, parental sharing of one histocompatibility antigen, and maternal age were related to the 
outcome of the next pregnancy in women given no immunologic treatment (p = 0.05). No significant 
correlation was found between results from the immunologic tests or other history characteristics evaluated 
and outcome of the next pregnancy. The immunologic tests evaluated were not clinically useful predictors 


of pregnancy outcome. (Am J OssTeT GYNECOL 1992:167:1208-12.) 


Key words: Recurrent abortion, antinuclear antibodies, histocompatibility antigens, 
lymphocytotoxic antibodies, blocking factors in mixed lymphocyte response 


< Women with unexplained first-trimester sponta- 
neous abortions have been reported to have an in- 
creased frequency of elevated antinuclear antibody 
(ANA) titers, to lack antibodies directed to paternal 
leukocyte antigens (antipaternal lymphocytotoxic an- 
` übodies, serum factors blocking paternal-maternal 
‘mixed lymphocyte response tests, or mixed lymphocyte 
reaction—blocking antibodies), and to share more his- 
tocompatibility antigens (HLA) with their husbands 
when compared with control groups.'® However, cor- 
relations between results from such tests and either 
obstetric histories or the outcome of future pregnancies 
have not always been observed.*'* Abnormal (or neg- 
ative) results in such tests can be found in many normal 
controls or (in the case of elevated ANA titers) in 
women with autoimmune disorders who have not had 
spontaneous abortions. Additionally, maternal serum 
antibodies to paternal antigens may simply be an epi- 
phenomenon of pregnancies continued past the first 
trimester. For these reasons, the reported retrospective 
associations do not necessarily imply a causal relation- 
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ship with prior spontaneous abortions or predict a sig- 
nificantly worse prognosis. Because genetic errors are 
a frequent cause of spontaneous abortions occurring 
before 12 weeks, it is likely that the predictive value of 
immunologic tests for pregnancy outcome in women 
with first-trimester spontaneous abortions will be es- 
pecially poor. We evaluated results from immunologic 
tests and obstetric history characteristics with respect 
to correlations with next pregnancy outcome in a cohort 
of 95 women with repeated spontaneous abortions who 
were not given any immunologic treatment. Sixty-five 
percent of these couples also underwent HLA typing 
for A, B, and DR locus antigens, and outcome associ- 
ations with parental HLA locus sharing were also ex- 
amined in this subset. 


Methods 


Obstetric history criteria for immunologic evalua- 
tion. Women whose pregnancy outcomes were included 
in the study had obstetric histories that met the follow- 
ing criteria. They may have had a single live birth as 
the result of a first pregnancy, but then had three or 
more sequential unexplained spontaneous abortions 
occurring before 12 weeks’ gestation. None had a his- 
tory of infertility requiring assisted conception. The 
unexplained spontaneous abortions did not include ec- 
topic pregnancies, elective abortions, genetically ab- 
normal fetuses, or biochemical pregnancies with max- 
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imum serum level of human chorionic gonadotropin 
<50 mIU/ml. No other generally recognized expla- 
nation for the spontaneous abortions was present or 
uncorrected after routine evaluation (performed lo- 
cally or at Thomas Jefferson University), which in- 
cluded at least endometrial biopsy for luteal phase de- 
fect, uterine evaluation by hysterosalpingogram or hys- 
teroscopy, parental chromosome karyotyping, tests for 
both anticardiolipin antibodies (standardized enzyme- 
linked immunosorbent immunoassays and lupus anti- 
coagulants (activated partial thromboplastin time or di- 
lute Russell viper venom time), and historic evaluation 
for underlying systemic autoimmune disorders. 
Women in whom a correctable uterine abnormality or 
luteal phase defect had been diagnosed in the past must 
have had a subsequent spontaneous abortion after ap- 
propriate surgical or hormonal treatment. These 
women with other, possibily relevant, diagnoses in- 
cluded one with luteal phase defect, two with surgically 
corrected uterine abnormalities (incompetant cervix, 
uterine septum), and four with diethylstilbestrol ex- 
posure or T-shaped uterus. 

Immunologic tests performed. Completion of mixed 
lymphocyte reaction—blocking antibodies and lympho- 
cytotoxic antibodies tests were the minimum immu- 
nologic test requirement for inclusion in this cohort. 
Methods for measuring maternal serum mixed lym- 
phocyte reaction—blocking antibodies in mixed mater- 
nal-paternal lymphocyte response testing and antipa- 
ternal lymphocytotoxic antibodies have been previously 
published.’ More than 20% inhibition of lymphocyte 
response by maternal serum and 25% more killing of 
paternal lymphocytes compared with control sera were 
considered positive studies in our laboratory. ANA test 
results were requested from referring physicians or 
completed at Jefferson Medical College when possible 
(88/95 women were tested), but a positive titer did not 
exclude patients from immunization treatment. 

Study population. Two hundred fifty-eight women 
who were tested with their partners between 1986 and 
July 1990 met the listed obstetric and immunologic test 
criteria for study inclusion and were not subsequently 
immunized; six were lost to follow-up before a subse- 
quent pregnancy was: diagnosed. Women whose 
next pregnancies were ectopic (n = 5) or chromosom- 
ally abnormal (n = 2) or who were pregnant when 
tested (n = 16) were excluded from the report. The 95 
who undertook a subsequent pregnancy without im- 
munologic treatment after testing are the subject of this 
report. The remaining 135 women have chosen not to 
conceive or been unable to conceive another pregnancy 
over a follow-up period of 1 to 4 years. 

The majority (70/95) of women in this series were 
not given any immunologic treatment because they had 
test results that did not meet eligibility criteria for pa- 
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ternal mononuclear cell immunization. Before July 
1990 women were considered eligible for paternal 
mononuclear cell immunization when assays for both 
mixed lymphocyte reaction—blocking antibodies and 
lymphocytotoxic antibodies were negative or, if one of 
these antibody activities was present, the couple shared 
two or more A, B, or DR antigens. The other 25 women 
declined immunization treatment. Women with a pos- 
itive ANA titer (>1:40) were not treated with corti- 
costeroids. 

Statistical analyses. An epidemiologic statistics pro- 
gram, True Epistat 4.0 (Epistat Services, Richardson, 
Tex.), was used for multiple logistic regression analysis 
and correlation analyses for Pearson’s r and two-tailed 
p values. Because the program for multiple regression 
analysis drops rows with empty cells, separate analyses 
were performed to evaluate significance when data 
were incomplete. Interval scale values included age, 
number of spontaneous abortions, weeks to last men- 
strual period of the next pregnancy, and ANA titers 
(entered as the inverse of the titer). 


Results 


The following obstetric history characteristics and 
laboratory test results were entered into the first regres- 
sion analysis: maternal age, number of spontaneous 
abortions, prior live birth (11/95 women), a single spon- 
taneous abortion after 12 weeks of pregnancy (10/95), 
any other diagnosis (7/95 women), time in weeks to 
conceive the next pregnancy, and the results from lym- 
phocytotoxic antibodies, mixed lymphocyte reaction— 
blocking antibodies, and ANA tests. Positive ANA titers 
ranging from 1:40 to 1:650 were found in 26% 
(23/88) of women tested. In half of these (12/23) the 
titer was <1 ; 100. Mixed lymphocyte reaction—blocking 
antibodies were present in sera from 42% (40/95) and 
assays for lymphocytotoxic antibodies were positive in 
46% (44/95) of cases. There was no concordance be- 
tween assays for mixed lymphocyte reaction—blocking 
antibodies and lymphocytotoxic antibodies with respect 
to positive and negative results (r = —0.11, p = 0.26). 
Results from this analysis are shown in the upper half 
of Table I. The p value for the x? model was 0.02, and 
regression with these variables accounted for 14.3% of 
the log likelihood. This model correctly predicted 


61.5% of outcomes. Results from neither lymphocy- 


totoxic antibodies nor mixed lymphocyte reaction— 
blocking antibodies were likely to be related to preg- 
nancy outcome. These variables were excluded from a 
second regression analysis, which was limited to cases 
with complete parental HLA data. These results are 
shown in the lower part of Table I. Maternal age and 
sharing of a single HLA antigen were significantly re- 
lated to outcome in this subset of 62 pregnancies. HLA . 
antigen sharing was not related to the results from ei- 
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Table I. Results from multiple logistic regression analyses of obstetric history characteristics and results of 


immunologic tests with live birth as dependent variable 


Ident ra ace 
No. abortions 0.66 0.46-0.95 ` 0.02 
Other diagnosis 0.08 0.007-1.04 0.05 
ANA titer 1.01 1.00-1.01 0.15 
Weeks to last menstrual period 1.02 0.99-1.05 0.18 
Prior live birth 3.03 0.56-16.4 0.20 
Maternal age (yr) 0.93 0.82-1.05 0.24 
LCTA positive 1.54 0.59-4.00 0.37 
MLRBF positive 0.64 0.24-1.7 0.38 
Loss >12 wk 1.98 0.42-9,4 0.39 
HLA 

One antigen 0.21 0.06-0.77 0.02 
Two antigens 0.68 0.16-4.4 0.68 
Three antigens 0.62 0.03-12.7 0.76 
Maternal age l 0.84 0.71-0.99 0.04 


LCTA, Lymphocytotoxic antibodies with paternal cells; MLRBF, serum factors blocking mixed maternal-paternal lymphocyte 
response; HLA one, two, or three antigens, parental sharing of one, two, or three HLA A, B, or DR antigens. 


ther mixed lymphocyte reaction—blocking antibodies 
(r = 0.18, p = 0.18) or lymphocytotoxic antibodies 
(r = —0.06, p = 0.64) tests. 

From examination of the statistical significance esti- 
mates and the calculated odds ratios shown in Table I, 
the only variables likely to be of biologic importance 
with respect to live birth were the number of prior 
spontaneous abortions, documentation of any related 
diagnosis, sharing of one HLA antigen, and maternal 
age (in a subset). These variables are examined in fur- 
ther detail in Tables IJ through IV. 

Number of previous spontaneous abortions. The 
data shown in Table II fit the linear equation: Live birth 
(percent) = 112 — 16.5 x Number of prior sponta- 
neous abortions. The goodness of fit to this line was 
99%. With values calculated from the linear regression 
analysis we conclude that the chance for a live birth 
decreased by about 15% with each additional sponta- 
neous abortion between three and five. There were too 
few women with six or more prior losses to allow fur- 
ther analysis; one of the two live births occurred to a 
women with six and one to a woman with seven spon- 
taneous abortions. 

Pregnancy outcomes with respect to maternal age are 
shown in Table III. As expected, the chance for live 
birth was inversely related to maternal age. Maternal 
age was an important predictor only for those at the 
extremes, <30 or >40 years. Because the age of most 
women in this series ranged from 31 to 39, maternal 
age was significantly related (p = 0.04) to outcome only 
for the HLA data subset. 

HLA antigen sharing. Examination of the number 
and class of HLA antigen(s) the women shared with 
their partners (Table V) did not suggest that the risk 
for subsequent spontaneous abortion increased in re- 
lationship to the class or number of antigens shared. 
However, from the regression analysis, couples who 


shared only one A, B, or DR antigen were less likely to 
have a live birth in their next pregnancy, when com- 
pared with those who shared none or were not tested. 
The relatively small number who had two or more an- 
tigens in common had a live birth rate that appeared 
to be similar to those who shared none or were not 
tested. The lower rate of live birth observed for those 
who shared only one HLA antigen with their partners 
was not explained by a high frequency of an uncommon 
antigen: l1 shared only A2 (the most frequent antigen 
in our population) and seven either DR4 or DR5. 


Comment 


We analyzed obstetric history characteristics and re- 
sults from immunologic tests for 95 women with unex- 
plained recurrent spontaneous abortions who under- 
took a subsequent pregnancy without immunologic 
treatment. Characteristics such as a history of a single 
fetal loss after 12 weeks, a previous live birth, or relative 
fertility (measured as the time in weeks to last menstrual 
period of the next pregnancy) were not significantly 
related to pregnancy outcome. A correlation between 
some historic characteristics, such as pregnancy loss af- 
ter the first trimester or history of a prior live birth, 
and next pregnancy outcome may not have been dis- 
coverable from our data because there were relatively 
few women with these histories. Furthermore, the time 
from enrollment in the study (test date) to the next 
pregnancy may not have accurately reflected secondary 
infertility. Unlike immunized women, those who were 
not given any immunologic treatment were not in- 
structed to conceive again as soon as possible. 

The number of previous spontaneous abortions and 
a history of any other treated or uncorrectable diag- 
nosis (usually an abnormal uterus with or without di- 
ethylstilbestrol exposure) were predictive of (p < 0.05) 
the outcome of the next pregnancy. A relationship be- 
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Table II. Number of prior spontaneous 
abortions and chance for live birth in 
next pregnancy 









No. of prior 
Spontaneous 
abortions 






95% Confidence 
interval (%) 


From regression 
analysis (%) 














3 63 35/56 49-75 62.5 

4 44 10/23 23-66 46.0 

5 33 2/6 — 29.5 
6-11 20 2/10 — — 
All 52 49/95 41-62 — 


tween outcome and maternal age could not be dem- 
onstrated with high confidence in this population be- 
cause relatively few individuals were <30 or >40 years 
old (p = 0.24). Advancing maternal age was signifi- 
cantly related to subsequent spontaneous abortion in 
the subset of HLA-typed individuals (p = 0.04). These 
95% confidence estimates of live birth rates for women 
with increasing numbers of prior spontaneous abor- 
tions and in different maternal age groups are in agree- 
ment with most published data. 

Women with positive or negative tests for ANA, lym- 
phocytotoxic antibodies, or mixed lymphocyte reac- 
tion—blocking antibodies and who shared HLA anti- 
gens with their partners were well represented in this 
series. Our data demonstrate that tests for paternally 
directed lymphocytotoxic antibodies or mixed lympho- 
cyte reaction—blocking antibodies were unrelated to 
pregnancy outcome when women with recurrent unex- 
plained spontaneous abortions were given immu- 
nologic treatment (p = 0.4). A positive ANA titer 
(=]:40) was not biologically important (odds ratio 1.01, 
p = 0.15). Our observations demonstrating significant 
correlations between the number of prior spontaneous 
abortions, maternal age, and parental HLA antigen 
sharing and next pregnancy outcome simply confirm 
findings of many previous studies.** '*'7 Previously ob- 
served HLA antigen similarity between couples with 
spontaneous abortions has been variously interpreted 
to reflect sharing of deleterious recessive genes inher- 
ited in linkage disequilibrium with HLA genes or to 
result in inadequate maternal immune responses to pa- 
ternal or fetal antigens. When parental HLA A, B, 
and DR antigen typing was complete, we found that 
sharing of a single HLA antigen was associated with a 
worse prognosis. Our observations that risk for spon- 
taneous abortion did not increase when more than one 
antigen was shared and that parental HLA antigen 
sharing was unrelated to test results for lymphocyto- 
toxic antibodies or mixed lymphocyte reaction—block- 
ing antibodies support the genetic interpretation. 

Abnormal or negative results from various immu- 
nologic tests have been associated with a history of 
unexplained recurrent spontaneous abortions. For ex- 
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Table III. Maternal age at test date and 
chance of live birth in next pregnancy 















Live tirth 
95% Confidence 
Maternal age (r) limits (%) 
26-30 15/21 71 48-89 
31-35 18/37 49 32-66 
36-39 14/29 48 30-68 
40-44 2/8 25 — 


Table IV. HLA antigens in groups A, B, or 
DR, shared by both partners and outcome of 
next pregnancy 













Ltve births 


59 


HLA antigens 
in common 


95% Confidence 
interval 





None 13/22 36-79 
One 
AorB 30 6/20 

DR 27 3/1] 
Any one 29 9/31 14-48 
Any two or more 56 5/9 
Not tested 67 22/33 48-82 


ample, increased titers of ANA and other autoantibod- 
ies were more frequent when groups of women with 
unexplained spontaneous abortions were compared 
with controls.’* Similar reports and reviews discussing 
the association of negative tests for maternal serum 
mixed lymphocyte reaction—blocking antibodies or 
lymphocytotoxic antibodies have been published over 
the last decade.” * The many clinical research reports 
available on this topic will undoubtedly influence future 
investigations and may ultimately point the way to new 
pathophysiologic mechanisms and effective treatment. 
However, the documentation of a retrospective asso- 
ciation between such abnormalities and obstetric his- 
tories among groups of women does not necessarily 
imply a useful predictive, much less causal, relationship. 
with past or next pregnancy outcomes for individuals. 
For example, the possibility that increased levels of au- 
toantibodies are a consequence rather than a cause of 
unexplained spontaneous abortions has not been sat- 
isfactorily excluded. Women with “explained” abortions 
have also been reported to have a high frequency of 
ANA." Others have suggested that maternal serum an- 
tibodies directed to paternal antigens, such as lympho- 
cytotoxic antibodies or mixed lymphocyte reaction— 
blocking antibodies, might merely be epiphenomena of 
continued or successfully delivered pregnancies.* ™ It 
is unlikely that any immunologic test will have good 
prospective predictive value for pregnancy outcome in 
women with first trimester spontaneous abortions, be- 
cause genetic abnormalities account for a significant 
proportion of even multiple losses. The most complete 
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statistical model constructed from this data correctly 
predicted only 61.5% of outcomes. Neither our 
group’? ° nor Ho et al.” found that the results from 
tests for lymphocytotoxic antibodies and mixed lym- 
phocyte reaction—blocking antibodies were predictive 
of pregnancy outcome in small, case-controlled im- 
` munization treatment trials. This study of the predic- 
tive value of such tests for 95 women undertaking a 
subsequent pregnancy without immunologic treatment 
supports and extends those conclusions. 

Our data do not bear on the efficacy of immunologic 
treatments, nor can the live birth rate for this group 
be directly compared with other published group rates 
with or without treatment. The group rate of live birth 
was probably positively skewed because women often 
decline treatment on the basis of a relatively good prog- 
nosis. The data demonstrate that women whose tests 
for serum antipaternal lymphocytotoxic antibodies or 
mixed lymphocyte reaction—blocking antibodies are 
negative or who share two or more HLA antigens with 
their partner have no worse odds for a live birth than 
others with the same obstetric history. These immu- 
nologic tests are not diagnostic of a specific cause for 
recurrent spontaneous abortions. Isolated elevations of 
maternal serum ANA titers also should not be inter- 
preted as predictive of a poor prognosis for individuals 
or considered to be an indication for immunosuppres- 
sive therapy. It has been suggested that conversion of 
negative results from tests for mixed lymphocyte re- 
action—blocking antibodies or lymphocytotoxic anti- 
bodies to positive values may measure an immunologic 
response to treatment and also that such responses may 
be related to pregnancy outcome after immunization 
treatment.* *' * Studies now in progress will prospec- 
' tively investigate any correlation of changes in these 
immunologic test responses with pregnancy outcome 
after immunization treatment. 
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Clinical Articles 


Cigarette smoking and urinary incontinence in women 


Richard C. Bump, MD, and Donna K. McClish, PhD" 


Richmond, Virginia 


OBJECTIVE: The goal of this case contro! study was to evaluate the relationship between smoking and 


female urinary incontinence. 


STUDY DESIGN: The study included 606 women whose smoking histories were known; 322 were 
incontinent and 284 were continent. The condition(s) causing each subject's incontinence was determined 
by urodynamic testing; 40% of the continent subjects had the same testing. 

RESULTS: There were highly significant overall differences (p = 0.000009) in the distribution of current, 
former, and never smokers between incontinent (35%, 16%, 49%) and continent (24%, 8%, 68%) groups. 
The odds ratio for genuine stress incontinence was 2.20 for former (95% confidence interval 1.18 to 4.11) 
and 2.48 for current smokers (95% confidence interval 1.60 to 3.84); for motor incontinence it was 2.92 for 
former (95% confidence interval 1.58 to 5.39) and 1.89 (95% confidence interval 1.19 to 3.02) for current 
smokers. Increasing daily and lifetime cigarette consumption was associated with an increasing odds ratio 
for genuine stress incontinence but not for motor incontinence. The increased risk for incontinence was not 


due to differences in age, parity, weight, or hypoestrogenic status. 


CONCLUSION: The data establish a strong statistical relationship between current and former cigarette 
smoking and both stress and motor urinary incontinence in women. (Am J OssTeET GyNEcoL 1992;167: 


1213-8.) 


Key words: Urinary incontinence, cigarette smoking, stress incontinence, motor 


incontinence 


Cigarette smoking and urinary incontinence have 
been recognized as two critical but independent health 
problems. Since the United States Surgeon General’s 
first report in 1964, cigarette smoking has been identi- 
fied as the single most important source of preventable 
morbidity and premature mortality in the United States. 
The direct health care costs attributable to smoking 
were estimated to exceed $16 billion in 1985.' Urinary 
incontinence afflicts at least 10 million adult Americans, 
two thirds of whom are women. With an estimated prev- 
alence of 15% to 30% for older, community-dwelling 
persons and 50% for nursing home residents, the an- 
nual cost of managing urinary incontinence was con- 
servatively estimated at $10.3 billion in 1988.* 

Although clinicians involved in the care of women 
with urinary incontinence often attest to the impor- 
tance of smoking as a contributing factor, mainly to 
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stress incontinence and its recurrence after successful 
continence surgery,’ a relationship between smoking 
and incontinence is not recognized in the general med- 
ical literature or in various governmental reports con- 
cerning the two conditions. The 1988 National Insti- 
tutes of Health Consensus Development Conference 
on adult urinary incontinence noted that defining risk 
factors for incontinence would be extremely useful for 
prevention or remediation of the disorder, but smoking 
was not incuded in the list of established or suspected 
risk factors.? Likewise, incontinence is not cited as one 
of the many health consequences of cigarette smoking 
in recent authoritative reviews on the subject.''*° Using 
a computerized literature search we were unable to 
locate a single study that documented a link between 
smoking and incontinence. The primary goal of this 
retrospective case-control study was to examine the re- 
lationship between cigarette smoking and urinary in-. 
continence in adult women. 


Subjects and methods 


The study population included 606 women who were 
seen by R.C.B. for urogynecologic assessment. Mean 
age was 46 years (SE 0.5, range 13 to 87 years), and 
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mean parity was 2.7 (SE 0.08, range 0 to 12), Three 
hundred twenty-two subjects had urinary incontinence 
as the primary complaint and were consecutive refer- 
rals for urodynamic testing between July 1985 and June 
1990. This incontinent group was divided by urody- 
namic diagnosis according to criteria discussed later. A 
total of 284 subjects had no complaints of urinary in- 
continence. Of these, 113 subjects were consecutive re- 
ferrals during the same time period for urodynamic 
testing to evaluate other symptoms of lower urinary 
tract dysfunction such as urgency, frequency, hesitancy, 
or retention. These subjects are designated as the ab- 
normal continent group. The other 171 continent sub- 
jects had no symptoms of lower urinary tract dysfunc- 
tion and either were seen for routine gynecologic care 
or were referred for evaluation of gynecologic symp- 
toms unrelated to pelvic organ prolapse. These subjects 
are designated as the normal continent group. These 
normal continent subjects were allocated consecutively 
from all general gynecologic patients seen by R.C.B. 
during the same 5-year period according to criteria that 
allowed this group to approximate the age and parity 
mixture of the incontinent subjects. These criteria man- 
dated that the number of nulliparous continent subjects 
not exceed the number of nulliparous incontinent sub- 
jects and that the proportion of continent and incon- 
tinent subjects in each half decade of life be similar. 
These criteria eliminated primarily young nulliparous 
women from the normal continent group. 

Subjects were asked about their lifetime smoking his- 
tories, including their current packs-per-day consump- 
tion, lifetime consumption (in pack years, calculated by 
multiplying the average pack-per-day consumption by 
the number of smoking years), and (for former smok- 
ers) the time interval since quitting. A subject was clas- 
sified as a current smoker if she was actively smoking, 
as a former smoker if she had previously smoked reg- 
ularly but had stopped smoking for >2 months, and 
as a never smoker if she had smoked regularly for <2 
months in the past and was not smoking currently. 

All subjects in the incontinent and abnormal conti- 
nent groups (N = 435) underwent a standardized uro- 
dynamic evaluation that included the following: uro- 
flowmetry with postvoid residual urine volume mea- 
surement, retrograde provocative multichannel water 
urethrocystometry with microtip transducer catheters, 
passive (at rest) and dynamic (while coughing) urethral 
pressure profilometry, resting and stressed urethral 
axis determinations, and direct visualization testing for 
fluid loss. Specific details of the urodynamic methods 
have been described in detail previously.° All of these 
subjects had a negative (<100 CFU/ml) bacterial urine 
culture before being scheduled for urodynamic testing, 
and none had pyuria at the time of the testing. The 
subjects in the normal continent group (N = 171) did 
not undergo urodynamic testing. A thorough urogy- 
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necologic history and a complete genitourinary physical 
and neurologic examination were performed for all 
606 subjects. Overall, 24.4% of subjects were classified 
clinically as hypoestrogenic because they were either 
postmenopausal or castrate, were receiving no hor- 
monal replacement, and had signs or symptoms of es- 
trogen deficiency. 

On the basis of the results of urodynamic testing, 
incontinent subjects were diagnosed as having genuine 
stress incontinence, motor incontinence, or mixed in- 
continence. Genuine stress incontinence was diagnosed 
in any subject who complained of the symptom of loss 
of urine during physical exertion and who either had 
observable leakage produced by stress without concur- 
rently demonstrable detrusor activity during urethro- 
cystometry or had a positive direct visualization test 
immediately after the catheters were removed in the 


, total absence of detrusor ins-ability during urethrocys- 


tometry. Motor incontinence was diagnosed if a subject 
demonstrated loss of urine during testing because of 
detrusor instability or unstable urethral pressure. De- 
trustor instability was diagnosed in any subject who 
complained of the symptom of urge incontinence and 
who had the objective demonstration of a detrusor con- 
traction and urinary leakage, spontaneously or on prov- 
ocation, during urethrocystometry while she was at- 
tempting to inhibit micturition. Unstable urethral pres- 
sure was diagnosed if incontinence was objectively 
demonstrated with a concurrent drop in urethral clo- 
sure pressure not associated with an increase in ab- 
dominal pressure. Mixed incontinence was diagnosed 
if both genuine stress incontinence and motor incon- 
tinence were seen in the same subject. Urodynamic » 
techniques and measurements, terms, and diagnostic 
criteria conform to the recommendations of the Inter- 
national Continence Society.’ 

Categoric data relating smoking status, estrogen sta- 
tus, and lower urinary tract function were analyzed for 
significance with the x’ test, with the Yates correction 
when applicable. Differences in age, weight, and parity 
related to continence status and smoking status were 
analyzed with one-way analysis of variance. Odds ratios 
with 95% confidence intervals were calculated with 
multiple logistic regression analysis, controlling for age, 
weight, parity, and estrogen status." The odds ratio 
quantifies the increase in risk for incontinence for 
smokers compared with nonsmokers. The overall at- 
tributable risk for smoking and incontinence was cal- 
culated according to Fleiss’ recommendation for a case- 
control study.? The attributable risk reflects the per- 
centage by which the prevalence of incontinence could 
be reduced if smoking were eliminated. 


Results 
Smoking status grouping and group comparability. 
Of 606 subjects 181 (29.9%) were current smokers, 76 
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Table I. Age, parity, weight, and hypoestrogenism according to smoking status and continence status 





Smoking status 


Age Parity Weight 
(yr, mean + SEM) (mean + SE) (kg, mean + SEM) 





Hypoestrogenic 
(%) 


Current 42.7 + 0.8* 2.9 + 0.1 74+ 1.5 19.6 
Former 49.7 + 1.5* 2.7 + 0.2 77 + 2.0 31.6 
Never 47.3 + 0.8* 26 + 0.1 76+ I.I 25.3 

Continence status 
Incontinent 46.9 + 0.8 2.9 + 0.1% 78 + 1.9% 26.2 
Continent 45.5 + 0.8 2,5 + 0.1* 73 + 1.2* 22,3 

*Statistically significant difference. 
Table II. Smoking status and continence status comparisons 

All incontinent 322 112 34.8 53 16.5 157 48.8 

Pure genuine stress in- 156 56 35.9 22 14.1 78 50.0 
continence 

Pure motor incontinence 121 33 27.3 23 19.0 65 53.7 
Mixed* 45 23 51.1 8 17.8 14 31.1 

All continent 284 69 24.3 23 8.1 192 67.6 
Normal 17] 46 26.9 10 5.8 115 67.3 
Abnormal 113 23 20.4 13 11.5 77 68.1 
TOTAL 606 181 29,9 76 12.5 349 57.6 


*Genuine stress incontinence plus motor incontinence. 
\ 


(12.5%) were former smokers, and 349 (57.6%) were 
never smokers. Current smokers had an average smok- 
ing experience of 28.9 pack years (SE 2.0, range 1 to 
112 pack years), and former smokers had an average 
experience of 22.8 pack years (SE 2.7, range 1 to 105 
pack years). Current smokers consumed an average of 
1.28 packs of cigarettes daily (SE 0.7, range 0.2 to 4.5 
packs per day). Two former smokers had quit smoking 
2 to 6 months before evaluation, three had quit for 6 
to 12 months, and the other 71 had quit for >12 
months. The mean quit time for former smokers was 
8.6 years (SD 7.5, range 2 months to 32 years). 

Table I demonstrates age, weight, parity, and estro- 
gen status according to smoking status. Current smok- 
ers were significantly younger than patients in any of 
the other groups (p < 0.0001). Current smokers had a 
lower prevalence of hypoestrogenism than former 
smokers and never smokers, although these differences 
did not prove statistically significant. There were no 
significant differences among the smoking groups with 
respect to parity or weight. 

Continence status groupings and group compara- 
bility. OF the 606 subjects 322 (53%) were incontinent 
and 284 (47%) were continent. Two hundred seventy- 
seven of 322 (86%) subjects had a pure form of incon- 
tinence (156 with genuine stress incontinence and 121 
with motor incontinence), and the remaining 45 (14%) 
had mixed incontinence. The 113 continent subjects 
with sensory urgency or emptying phase dysfunction 


had none of these three conditions on urodynamic 
testing. 

When all incontinent subjects were compared with 
all continent subjects (Table I), the incontinent group 
was significantly heavier and of higher parity. Although 
the incontinent group was slightly older than the con- 
tinent group and had a somewhat higher prevalence 
of hypoestrogenism, these differences were not statis- 
tically significant. Because the factors of weight, parity, 
age, and hypoestrogenism may all contribute to the 
development of incontinence, these factors were in- 
cluded in subsequent logistic regression analysis. 

Smoking status and continence status comparisons. 
Table II summarizes data regarding the smoking status 
distribution between the continent and incontinent 
groups and among the conunent and incontinent 
subgroups. There were highly significant differences 
overall (p = 0.000009) in the distribution of current 
smokers, former smokers, and never smokers between 
incontinent (34.8%, 16.5%, and 48.8%, respectively) 
and continent groups (24.3%, 8.1%, and 67.6%). In- 
continent subjects were much more likely to be or to 
have been smokers than were continent subjects. 

Table III shows the adjusted odds ratios (controlled 
for age, weight, parity, and hypoestrogenic status) for 
smoking and genuine stress incontinence (pure and 
mixed forms) and motor incontinence (pure and mixed 
forms) when these incontinent subgroups were com- 
pared with the entire continent group. The odds ratios 
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Table III. Adjusted odds ratios* with 95% confidence intervals for genuine stress incontinence.and motor 
incontinence according to current smoking status, current pack-per-day consumption, and lifetime pack 


years of consumption 


Genuine stress incontinence 


, 95% Confidence 


Smoking status 


Never smoker 1.00 
Former smoker 2.20 
Current smoker 2.48 
Packs per dayt 
0 . ~ 1.00 
<I (average 0.4) 0.94 
`} (average 1.0) 2.44 
>] (average 1.9) 4.72 
Pack years i 
0 1.00 
1-14 (average 7.8) i 1.86 
15-29 (average 20.8) 2.50 
=30 (average 48.0) 3.78 


*Controlled for age, weight, parity, and hypoestrogenic status. 


F 


Mator incontinence 


95% Confidence 


interval interval 

1.00 

1.18-4.11 2.92 -1.58-5.39 

1.60-3.84 1.89 1.19-3.02 
E 1.00 

0.43-2.04 0.97 0.43-2.16 

1.31-4.55 2.49 1.31-4.75 

2,42-9,22 2.71 1.29-5.69 
1.00 

1.01-3.42 2.71 1.51-4.87 

1.32-4.74 2.23 1.13-4.39 

2.06-6.96 2.61 1.34-5.06 


Calculation excludes former smokers and compares current with never smokers. 


for either form of incontinence were significantly ele- 
vated for both former and current smokers. When the 
odds ratio analysis was stratified according to current 
cigarette consumption measured in packs per day, the 
data demonstrate that the increased risk is limited to 
subjects who report smoking one or more packs per 
day. For subjects with genuine stress incontinence but 
not for subjects with motor incontinence an increase in 
the odds ratio was observed with an increase in dailv 
consumption from one to more tkan one pack. When 
the odds ratio analysis was stratified according to life- 
time cigarette consumption, a steady increase in the 
odds ratio for genuine stress incontinence was observed 
with increasing lifetime consumpz-ion; this trend was 
not observed for subjects with motor incontinence. 
When multiple logistic regression analysis was repeated 
and the same incontinent subgroups were compared 
separately with the normal and abnormal continent 
subgroups, odds ratios and trends with increased daily 
and lifetime cigarette consumption were substantially 
the same. Similarly, analysis of only patients with pure 
genuine stress incontinence resulted in comparable 
odds ratios and trends. In contrast, when subjects with 
mixed incontinence were eliminazed from the motor 
incontinence subgroup, the odds ratio for former 
smokers remained significantly elevated (2.76, 95% 
confidence interval 1.42 to 5.34), whereas that for cur- 
rent smokers did not (1.37, 95% confidence interval 
0.80 to 2.32). This difference is attributed to the facts 
that 27% of subjects with motor incontinence (45/166) 
had mixed incontinence and that the increased odds of 
incontinence for this group were 4.07 for current smok- 
ers (95% confidence interval 1.91 to 8.69) and 3.64 for 


a 


former smokers (95% confidence interval 1.32 to 
10.05). 

On the basis of a 32.4% ever-smoker (current plus - 
former smokers) prevalence in our continent control 
population and a 2.19 odds ratio as an estimate of rel- 
ative risk for ever smoking and all forms of inconti- 
nence, the attributable risk of incontinence due to 
smoking is calculated as 28%. 


Comment 


The data from this case-control study of 322 incon- 
tinent and 284 continent adult women establish a strong 
statistical relationship between cigarette smoking and 
urinary incontinence. Women who previously smoked 
had a 2.2-fold increase and women who currently 
smoked: had a 2.5-fold increase in the risk of genuine 
stress incontinence. Further, the risk of genuine stress 
incontinence was positively correlated with both the 
current intensity of cigarette consumption and the 
magnitude of the lifetime exposure to cigarette smok- 
ing. Former and current smokers also had a twofold to 
threefold increase in the risk of motor incontinence, 
although the magnitude of this risk showed no ccrre- 
lation with current intensity or lifetime exposure. The 
increased prevalence of incontinence is independent of 
other recognized risk factors for incontinence, such as 
older age, increased parity, greater weight, or higher 
prevalence of estrogen deprivation. 

One limitation of any case-control study is the po- 
tential for bias in the selection of the control group. 
Our abnormal continent group was composed of con- 
secutive patients referred during the same 5-year pe- 
riod for lower urinary tract symptoms other than in- 
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continence. They had the same testing as the inconti- 
nent study group and were proved objectively 
continent. The normal continent group was composed 
of consecutive general gynecologic patients, also seen 
during the same study period, who had no complaints 
of incontinence or other symptoms of urinary tract dys- 
function. We did eliminate a number of young, nullip- 
arous patients from the normal continent group be- 
cause such patients are both less likely to be incontinent* 
and less likely to smoke." If there was any effect of 
their exclusion from our normal continent group, it 
should have been to bias the findings toward no effect 
of smoking on incontinence. The prevalence of smok- 
ing in our normal continent group (26.9%) is virtually 
identical to the 26.2% standardized smoking prevalence 
for reproductive age women in Virginia for 1989" and 
the 26.5% smoking prevalence for all women in the 
United States aged =18 for 1987,"' facts that substan- 
tiate the representative nature of the group. Another 
potential shortcoming of the normal continent group 
was the fact that it was not subjected to urodynamic 
testing. However, none of the normal continent subjects 
fulfilled the International Continence Society definition 
for incontinence: “the involuntary loss of urine which 
is socially or hygienically objectionable to the patient and 
which is objectively demonstrable [italics added].”’ The 
International Continence Society further specifically 
states than an abnormal urodynamic test result in an 
asymptomatic patient does not warrant a diagnosis of 
incontinence. In contrast, all of the incontinent subjects 
did have objectionable incontinence; urodynamic test- 
ing simply objectively documented it and identified its 
cause. 

There are several plausible explanations for a smok- 
ing woman’s increased risk of incontinence. The most 
obvious is the smoker’s stronger, more frequent, and 
more violent cough, which may damage components 
of the urethral sphincteric mechanism, promoting the 
development of incontinence, and may worsen the fre- 
quency and severity of existing incontinence. In addi- 
tion, products of the tobacco smoke itself (e.g., hypoxia, 
carbon monoxide, nicotine), the antiestrogenic hor- 
monal effects of smoking,” and processes known to be 
associated with smoking (e.2., vascular disease, smoker’s 
cough, asthma, obstructive pulmonary disease)! may 
also have direct and indirect effects on the function of 
the bladder and urethra. For example, smoking has 
been shown to directly interfere with collagen synthe- 
sis. Antiestrogenic hormonal effects could adversely 
affect the quality of collagen and also decrease 
smooth muscle tone through depletion of a-adrenergic 
receptor activity. Downward bulging of the pelvic 


floor because of violent or prolonged coughing attacks 


may cause repeated stretch-induced injury to the pu- 
dendal and intrapelvic nerves supplying skeletal mus- 
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cles,” adding to the progressive denervation that seems 
to be an important part of the pathogenesis of genuine 
stress incontinence.'*”° Nicotine, an important and ad- 
dictive component of cigarette smoke, has extremely 
complex neuropharmacologic actions that are still 
being defined. It has been shown to produce phasic 
contractions of isolated bladder muscle strips in several 
animal models in vitro.” Nicotine administration also 
causes large spontaneous bladder contractions in vivo 
in cats, an effect that is likely mediated through the 
release of adenosine 5’-triphosphate from nonadre- 
nergic noncholinergic nerves with activation of puri- 
nergic receptors on the bladder muscle.” Recent data 
have provided evidence for such adenosine 5'-triphos- 
phate—stimulated purinergic receptors in the human 
bladder; further, nonadrenergic, noncholinergic 
nerves have been estimated’ to be responsible for 50% 
of the contractile response of the human female blad- 
der.* The current study does not suggest which, if any, 
of these mechanisms may be responsible for the in- 
creased risk of incontinence in smokers. These issues 
are the subject of continuing research in our unit. 
Our data do not demonstrate a decreased risk of 


incontinence from smoking cessation. There are several 


plausible explanations for this finding. First, we do not 
have information regarding the relative timing of the 
onset of incontinence and the cessation of smoking. It 
is possible that some women stopped smoking, either | 
on their own or on the advice of their physician, in an 
effort to diminish urine loss. Second, it is likely that 
many of the anatomic and neuromuscular changes that 
could result from smoking and contribute to inconti- 
nence may not be reversible. Nonetheless, we should 
emphasize that smoking cessation is an important facet 
of our approach to the management of incontinence. 
Clearly some effects of smoking (e.g., antiestrogenic 
effects, the strength and frequency of coughing) are 
reversible.and their consequences are progressive. Di- 
minishing these effects may help lessen the severity of 
incontinence or prevent its recurrence after successful 
treatment. 

With the attributable risk of urinary incontinence in 
women caused by cigarette smoking estimated at 28%, 
strategies designed to discourage women from starting 
to smoke or to encourage smoking women to stop 
smoking could have a significant impact’on the overall 
prevalence of incontinence in women. Furthermore, 
because urinary incontinence is a condition that has a 
profound psychosocial impact* and is viewed by many 
younger women as a more immediate threat, more stig- 
matizing and more humiliating than cancer or heart 
disease, the realization that incontinence is yet another 
consequence of smoking may prove an effective deter- 
rent and help combat the converging smoking preva- 
lence rates among men and women.” 
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Indications and Usage 

The NORPLANT SYSTEM is indicated for the prevention of pregnancy and is a long-term (up to 
5 years) reversible contraceptive system. The capsules should be removed by the end of the 5th 
year. New capsules may be inserted at that time if continuing contraceptive protection is desired 
Contraindications 

1. Active thrombophlebitis or thromboembolic disorders. 2. Undiagnosed abnormal genital 
bleeding. 3. Known or suspected pregnancy. 4. Acute liver disease; benign or malignant liver 
tumors. 5. Known or suspected carcinoma of the breast. 

Warnings 

A. WARNINGS BASED ON EXPERIENCE WITH THE NORPLANT SYSTEM 





1. Bleeding Irregularities — Most women can expect some variation in menstrual bleeding patterns. 


Irregular menstrual bleeding, intermenstrua! spotting, prolonged episodes of bleeding and spotting, 
and amenorrhea may occur, and could mask symptoms of cervical or endometrial cancer. Overall, 
these irregularities diminish with continued use. Because amenorrhea may occur, missed 
menstrual periods cannot serve as the only identifier of early pregnancy. Perform pregnancy tests 
whenever pregnancy is suspected. If pregnancy occurs, the capsules must be removed. 
Hemoglobin concentrations found in clinical trials generally indicated that reduced menstrual blood 
loss is associated with NORPLANT SYSTEM use. Blood loss resulting in hemoglobin values 
consistent with anemia occurred rarely. 

2. Delayed Follicular Atresia — Atresia of the follicle is sometimes delayed, resulting in enlarged 
follicles that are clinically indistinguishable from ovarian cysts. In the majority of women, enlarged 
follicles disappear spontaneously. Rarely, they twist or rupture and surgical intervention may be 
required. 

3. Ectopic Pregnancies — Ectopic pregnancies have occurred among NORPLANT SYSTEM users, 
although Clinical studies have shown no increase in the rate of ectopic pregnancies per year among 
NORPLANT SYSTEM users as compared with users of no method or of IUDs. The incidence among 
NORPLANT SYSTEM users (1.3 per 1000 woman-years) was significantly below the rate estimated 
for noncontraceptive users in the U.S. (2.7 to 3.0 per 1000 woman-years). Ectopic pregnancy risk 
may increase with duration of NORPLANT SYSTEM use and increased weight of the user. Rule out 
ectopic pregnancy in any patient presenting with lower-abdominal pain. 

4. Breast-feeding — Steroids are not the contraceptives of first choice for lactating women. 
Levonorgestrel has been identified in breast milk. Limited data suggests no significant effects on 
infant growth or health when mothers used the NORPLANT SYSTEM beginning 6 weeks after 
parturition. 

5. Foreign-body Carcinogenesis — Rarely, cancers occur at foreign-body intrusion sites or old 
scars. None has been reported in NORPLANT SYSTEM clinica! trials and risk to users is judged to 
be minimal. 

6. Thromboembolic Disorders — Remove capsules if active thrombophlebitis or thromboembolic 
disease develops. With prolonged immobilization removal should be considered. 

B. WARNINGS BASED ON EXPERIENCE WITH COMBINATION (PROGESTIN PLUS ESTROGEN) 
ORAL CONTRACEPTIVES (OCs) 

Note: Many of the side effects or risks listed below are thought to be estrogen-related; the 
association of the NORPLANT SYSTEM progestin-only method to these risks is unknown. 

1. Cigarette Smoking — Cigarette smoking increases the risk of serious cardiovascular side effects 
from combined OC use. Risk increases with age and heavy smoking (215 cigarettes/day) and is 
quite marked in women over 35 years old. 

2. Elevated Blood Pressure — Increase in blood pressure has been reported in combination OC 
users; prevalence increases with long exposure. 

3. Thromboembolic Disorders and Other Vascular Problems — An increased risk of 
thromboembolic and thrombotic disease is associated with combination OC use. Estimate of 
relative risk is 4- to 11-fold higher for users vs. nonusers. 

Cerebrovascular Disorders: Combination OCs increase the relative and attributable risk of 
cerebrovascular events (thrombotic and hemorrhagic strokes). Generally, risk is greatest among 
hypertensive women > 35 years of age who smoke. 

Myocardial Infarction (MI): An increased risk of MI has been attributed to combined OC use. This is 
thought to be primarily thrombotic in origin and related to the estrogen component. Increased risk 
occurs primarily in smokers or women with other underlying risk factors for coronary-artery 
disease. Relative risk of heart attack for combined OC users is estimated as 2 to 6 times that for 
nonusers. Absolute risk is very low for women under 30 years old. 

Studies indicate a significant trend toward higher MI and stroke rates with increased progestin 
doses in combination OCs. However, recent data indicated no increased MI risk with past use of 
levonorgestrel-containing OCs. 

4. Carcinoma — Recent evidence in the literature suggests no association between OC use and 
increased risk of breast cancer in the overall population of users. The Cancer and Steroid Hormone 
(CASH) study also showed no latent effect on breast cancer risk for at least a decade following 
long-term use. Some of these same studies have shown an increased relative risk of breast cancer 
in certain subgroups; no consistent pattern has been identified. Some studies suggest an 
association between combination OCs and an increase in the risk of cervical intra-epithelial 
neoplasia in some populations of women. The extent to which such findings may be due to 
differences in sexual behavior and other factors remains controversial. A cause-and-effect 
relationship between combined OC use and breast or cervical cancer has not been established. 
Combination OCs may decrease ovarian and endometrial cancer risk. Irregular bleeding patterns 
associated with NORPLANT SYSTEM use could mask cervical or endometrial cancer symptoms. 

5. Hepatic Tumors — Hepatic adenomas are associated with combination OC use; estimated 
incidence is 3 events per 100,000 users per year. Risk increases after 4 or more years of use. 
Hepatic adenomas are benign but may rupture and cause death through intra-abdominal 
hemorrhage. 

6. Ocular Lesions — Retinal thrombosis is associated with OC use and is believed to be related to 
the estrogen component. However, NORPLANT SYSTEM capsules should be removed if there is 
unexplained partial or complete vision loss; onset of proptosis or diplopia; papilledema; or retinal 
vascular lesions. Undertake appropriate diagnostic and therapeutic measures immediately. 

7. Use Before or During Early Pregnancy — Extensive epidemiological studies reveal no increased 
risk of birth defects when OCs are used prior to pregnancy. Studies also do not suggest a 
teratogenic effect when taken inadvertently during early pregnancy. No evidence suggests that risk 
with NORPLANT SYSTEM use is different. 
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8. Gallbladder Disease — Early studies reported an increased lifetime relative risk of gallbladder 
surgery in OC or estrogen users. More recent studies, however, indicate that the relative risk of 
gallbladder disease with OC use may be minimal; this may be related to use of OCs with less 
estrogen and progestin content. 

Precautions 

GENERAL: 

1. Physical Examination and Follow-up — A complete medical history and physical examination 
should be taken prior to implantation or reimplantation of NORPLANT SYSTEM capsules and at 
least annually during its use. Exams should include special reference to the implant site, blood 
pressure, breasts, abdomen and pelvic organs, including cervical cytology and relevant laboratory 
tests. Rule out malignancy in cases of undiagnosed, persistent or recurrent abnormal vaginal 
bleeding. Women with a strong family history of breast cancer or who have breast nodules should 
be monitored with particular care. 

2. Carbohydrate Metabolism — Altered glucose tolerance is found in some combination and 
progestin-only OC users. Effects of NORPLANT SYSTEM on carbohydrate metabolism appear 
minimal. Observe diabetic and prediabetic patients carefully while using the NORPLANT SYSTEM. 
Follow women being treated for hyperlipidemias closely if using the NORPLANT SYSTEM. Some 
progestins may elevate LDL and may render control of hyperlipidemias more difficult. (See 
Warnings.) 

3. Liver Function — Consider removing capsules if jaundice develops. Steroid hormones may be 
poorly metabolized in patients with impaired liver function. 

4. Fluid Retention — Steroid contraceptives may cause some degree of fluid retention. Prescribe 
with caution, and careful monitoring, in patients with conditions possibly aggravated by fluid 
retention. 

5. Emotional Disorders — Consider removing capsules if significant depression occurs since the 
symptom may be drug-related. Observe carefully those with history of depression and consider 
removal if depression recurs to a serious degree. 

6. Contact Lenses — Contact-lens wearers who develop visual changes or changes in lens 
tolerance should be assessed by an ophthalmologist. 

7. Insertion and Removal — Insertion is advised during the first 7 days of the cycle or immediately 
following abortion to insure that the woman is not pregnant and to assure contraceptive 
effectiveness during first cycle of use. Capsules may be inserted at any time during the cycle 
provided pregnancy has been excluded and a nonhormonal contraceptive method is used for the 
remainder of the cycle. Insertion is not recommended before 6 weeks postpartum in breast-feeding 
women, Follow insertion and removal instructions closely. Healthcare professionals are strongly 
advised to be instructed in the procedures before they attempt them. Proper insertion just under thi 
skin facilitates removals; proper insertion and removal should result in minimal scarring. If all 
Capsules cannot be removed at first attempt, attempt removal later when the site has healed. 
Bruising may occur at implant site during insertion or removal. Hyperpigmentation may occur over 
implant site but is usually reversible following removal. See Full Prescribing Information for 
Detailed Insertion/Removal Instructions. 

8. Infections — Implant site infection has been uncommon (0.7%); aseptic technique and proper 
insertion/removal reduces possibility of infection. Institute treatment if infection occurs; remove 
capsules if infection persists. 

9. Expulsion — Expulsion of capsules was uncommon; frequency increased when capsule 
placement was extremely shallow, was too Close to incision, or when infection was present. 
Replace expelled capsule with new sterile capsule. Treat and cure any infection before replacement 
Contraceptive efficacy may be inadequate with fewer than 6 capsules. 

10. Provisions for Removal — Advise women that capsules may be removed at any time for any 
reason. Personnel instructed in removal technique should perform removal on request or at the en 
of 5 years of usage. Upon removal, dispose of capsules in accordance with Centers for Disease 
Control Guidelines for biohazardous waste. 

DRUG INTERACTIONS: Reduced efficacy (pregnancy) in NORPLANT SYSTEM users has been 
reported when phenytoin or carbamazepine were used concomitantly. Warn NORPLANT SYSTEM 
users of possible decreased efficacy with use of related drugs. 

DRUG/LABORATORY TEST INTERACTIONS: 1. Sex-hormone-binding globulin concentrations are 
decreased. 2. Thyroxine concentrations may be slightly decreased and triiodothyronine uptake 
increased. 

CARCINOGENESIS: See Warnings section and Full Prescribing Information. 

PREGNANCY: Pregnancy Category X. See Warnings section and Full Prescribing Information. 
NURSING MOTHERS: See Warnings section and Full Prescribing Information. 

INFORMATION FOR THE PATIENT: See Patient Labeling. Provide copy of patient labeling to the 
patient. Advise patients that Prescribing Information is available upon request. Inform prospective 
users of risks and benefits associated with NORPLANT SYSTEM use, with other forms of 
contraception, with no contraception, and about insertion/removal procedures. Informed consent 
from all patients may be desired in light of techniques involved with insertion and removal. 
Adverse Reactions 

The following have been associated with the NORPLANT SYSTEM during first year of use: many 
bleeding days or prolonged bleeding (27.6%); spotting (17.1%); amenorrhea (9.4%); irregular 
(onsets of) bleeding (7.6%); frequent bleeding onsets (7.0%); scanty bleeding (5.2%); pain or 
itching near implant site - usually transient - (3.7%); infection at implant site (0.7%); removal 
difficulties affecting subjects - based on 849 removals - (6.2%). 

Controlled clinical studies suggest that the following, occurring during the first year, are probably 
associated with NORPLANT SYSTEM use: headache; nervousness; nausea; dizziness; adnexal 
enlargement; dermatitis; acne; change of appetite; mastalgia; weight gain; hirsutism, hypertrichosis 
and scalp-hair loss. The following were reported with a frequency of 5% or greater during the first 
year and possibly may be related to NORPLANT SYSTEM use: breast discharge; cervicitis; 
musculoskeletal pain; abdominal discomfort; leukorrhea; vaginitis. 

Overdosage 

Overdosage may cause fluid retention with its associated effects and uterine bleeding irregularities. 
Dosage and Administration 

The NORPLANT SYSTEM consists of six Silastic® capsules, each containing 36 mg of the progestin 
levonorgestrel. The total administered (implanted) dose is 216 mg. Implantation of all six capsules 
should be performed during the first 7 days of the onset of menses by a healthcare professional 
instructed in the NORPLANT SYSTEM insertion technique. Insertion is subdermal in the midportior 
of the upper arm about 8 to 10 cm above the elbow crease. Distribution should be in a fanlike 
pattern, about 15 degrees apart, for a total of 75 degrees. Proper insertion will facilitate later 
removal. (See Full Prescribing Information for Detailed Insertion/Removal Instructions. ) 
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Natural history of chronic proteinuria complicating pregnancy 


R. William Stettler, MD, and F. Gary Cunningham, MD 


Dallas, Texas 


OBJECTIVE: Although the significance of proteinuria is well-documented for pregnancy complicated by 
preeclampsia or diabetes, protein excretion of up to 300 mg per day is considered normal for 
_ uncomplicated pregnancy. Our purpose was to determine the significance of otherwise “asymptomatic” 


proteinuria identified during pregnancy. 


STUDY DESIGN: We reviewed the perinatal outcome of 65 pregnancies in 53 women with the following 
criteria: (1) proteinuria exceeding 500 mg per day, (2) no previously known renal disease, (3) no reversible 
renal dysfunction, and (4) no evidence for preeclampsia at discovery. = 
RESULTS: Renal insufficiency coexisted in 62%.of women, and 40% had chronic hypertension. Excluding 
8 abortions, 53 (93%) of 57 pregnancies resulted in live infants; 45% of infants were delivered preterm and 
23% had growth retardation. Of these 57 women, 62% demonstrated clinical evidence compatible with 
superimposed preeclampsia, and although the incidence of preeclampsia was increased with isolated 
proteinuria (29%), it was increased even more when there was associated chronic hypertension (incidence 
100%) or renal insufficiency (incidence 58%). All 21 women who eventually underwent renal biopsy had 
histologic evidence of renal disease. To date, with only a limited follow-up of these 53 women, 11 (20%) 


have progressed to end-stage renal disease. 


CONCLUSION: “Asymptomatic” proteinuria is associated with a number of adverse pregnancy outcomes 
and serious long-term maternal morbidity. (AM J Ostet GYNECOL 1992:167:1219-24,) 


Key words: Proteinuria, adverse pregnancy outcome, end-stage renal disease 


Although proteinuria complicating pregnancy-in- 
duced hypertension is common, characteristically it re- 
cedes post partum, and usually there are no adverse 
sequelae. Conversely, chronic proteinuria that is dis- 
covered during pregnancy in most cases antedates con- 
ception and signifies any of a number of glomerulo- 
pathic syndromes that may be quite serious. It has been 
reported by some that coincidental hypertension or re- 
nal dysfunction, as opposed to proteinuria, are the 
prime determinants of pregnancy outcome in women 
with renal disease.'* Conversely, others have shown that 
pregnancies complicated by the nephrotic syndrome or 
nephrotic-range proteinuria are associated with exces- 
sive adverse maternal and fetal outcomes.'>? In either 
case, the significance of chronic proteinuria discovered 
during gestation and without prior diagnosed renal dis- 
ease has not been well defined. We evaluated varying 
degrees of chronic proteinuria as a predictor of preg- 
nancy outcome and the long-term prognosis for these 
women. 


Material and methods 


For women who attend prenatal clinics at Parkland 
Hospital urine protein is initially measured by semi- 
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quantitative dipstick analysis. If the measurement on a 
clean-caich specimen is =2+ (100 mg/dl) or if there is 
persistent 1+ proteinuria (30 mg/dl), a 24-hour urine 
specimen is quantified for protein. Our study is a ret- 
rospective review of women without diabetes but with 
chronic proteinuria discovered during pregnancy who . 
met the following criteria: (1) 24-hour urinary protein 
excretion of =5)0 mg, (2) no previously known renal 
disease, (3) no evidence for reversible renal dysfunc- 
tion, including dehydration, infection, or acute renal 
failure, and (4) no evidence of preeclampsia defined 
by.usual criteria at discovery of proteinuria.’ Pregnancy 
outcome and long-term follow-up of these women were 
then reviewed. 

For each pregnancy we identified eomiplieatine fac- 
tors that included chronic renal insufficiency, chronic 
hypertension, and anemia. Renal insufficiency was de- 


‘fined by a serum creatinine concentration of >0.8 


mg/dl that persisted throughout pregnancy. Chronic 
hypertension was defined by documented hypertension 
when the patient was not pregnant or blood pressure 
of 2140/90 mm Hg before 20 weeks’ gestation with 
diastolic pressure determined by the fifth Korotkoff 
sound. Anemia was defined as a hematocrit <30% that 
persisted after iron was given. Pregnancy complications 
assessed included preeclampsia, preterm delivery, and 
small-for-gestational-age birth weight. Superimposed 
preeclampsia was diagnosed clinically by acute eleva- 
tions in blood pressure, marked increases in protein- 
uria, characteristic symptoms, and/or laboratory evi- 
dence consistent with preeclampsia such as thrombo- 


1220 Stettler and Cunningham 





30 ay: 
Lez] 5 
© 
© 
Cc 
= 20 
Le] 
@ 
. 
Q 
a 10 
®© l L 
Ee. aS 
= 
= 
Z 

0 


- 3 
- 4 


0.5 - 2? 
2.1 
3.1 


Proteinuria 





November 1992 
TE i Am ] Obstet Gynecol 





ee * 2 A 
N wo c 
So No 
(gm/day) 


Fig. 1. Number of pregnancies studied at varying levels of daily urinary protein excretion. 


Table I. Incidence of some pregnancy 
complications in women with 
chronic proteinuria 










Patients (%; 


Proteinuria Controls* 








Complication 





Preeclampsia 62 12 p < 0.001 

Preterm delivery 43 17 b < 0.001 

Fetal growth re- 23 10 b= 0.0] 
tardation 


*General obstetric population at Parkland Hospital. 


cytopenia or elevated serum hepatic transaminase 
concentrations. Preterm delivery was defined by deliv- 
ery at <38 completed weeks. To determine fetal growth 
retardation, birth weight was compared with gestational 
age according to the criteria of Brenner et al.® 
Statistical analysis was performed with the Fisher ex- 
act test. Statistical significance was determined to be 
p = 0.05. A logistic regression aralysis was also per- 
formed to analyze the existence of multiple variables. 


Results 


In the 20 years between 1970 and 1990, we identified 
65 pregnancies in 53 women who met the criteria for 
study inclusion. In most cases, one of us (F.G.C.) di- 
rected their care. Their mean age was 23.1 
years + 5.38 SD. The mean maximum protein excre- 
tion during pregnancy was 4.0 gm/day and the range 
of 0.5 to 33 gm/day is illustrated in Fig. 1. In 48 (74%) 
of 65 pregnancies there was evidence for associated 
renal insufficiency, chronic hypertension coexisted in 
26 (40%), and persistent anemia complicated 16 (25%). 


Six (11%) therapeutic aboriions were performed for 
maternal disease, and another 2 (4%) women had spon- 
taneous abortions. Of the remaining 57 pregnancies, 
53 (93%) infants were born alive and 4 (7%) were still- 
born; 23 (43%) were delivered preterm. The mean ges- 
tational age at delivery of these 57 pregnancies was 
36.9 + 3.25 weeks and mean birth weight was 
2670 + 860 gm. As shown in Table I, pregnancy in 
these women with proteinuria was complicated by clin- 
ical signs or symptoms suggestive of preeclampsia in 
62% and preterm delivery in 43%; 23% of the infants 
were small for gestational age and thus presumably had 
growth retardation. All of these adverse outcomes were 
increased significantly when compared with the general 
obstetric population at Parkland Hospital. 

Pregnancy outcomes were analyzed further with con- 
sideration for other complicating factors (Table II). 
Women with chronic protetnuria but without chronic 
hypertension or renal insufficiency were found to have 
a greater risk of preeclampsia during their gestation 
but a relatively unchanged incidence of growth-re- 
tarded infants or preterm delivery when compared 
with the general obstetric population. However, if 
chronic proteinuria was complicated further by renal 
insufficiency, the risk for both preeclampsia and pre- 
term delivery was increased significantly. Moreover, the 
risk of preeclampsia was significantly increased in preg- 
nancies complicated by chronic proteinuria and chronic 
hypertension. Many of these women with proteinuria 
had both chronic hypertens:on and renal insufficiency, 
and this group had significantly increased incidences 
of preterm delivery, infants with growth-retardation, 
and preeclampsia. Analysis by logistic regression 
showed that these two factors had an additive but not 
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= -0.55, P = 0.06 
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Fig. 2. Maximum urinary protein excretion during the index pregnancy related to the time in years 
from the index pregnancy to the onset of end-stage renal disease in those women progressing to 


need hemodialysis. 


Table Il. Incidence of complications during 57 pregnancies related to proteinuria alone or proteinuria 


with compounding factors 


Incidence of pregnancy complications 


Preeclampsia 


Odds 
Proteinuria %o p Value ratio 
Alone (n = 14) 29 p= 0.059 3.23 
With renal insufficiency 58  p<0.001 11.1] 
(n = 19) 
With chronic hyperten- 100 p < 0.00] >20 
sion (n = 2) . 
With both (n = 22) 77 =p <0.001 27.5 


NS, Not significant. 


Preterm birth Growth retardation 


Odds Odds 

% b Value ratio %o p Value ratio 

7 p= 0.26 0.36 7 p=0.58 0.69 
42 p=0.01 3.4 21 p=0.12 2.4 
50 p=0.32 - 4.68 0 NS NS 
77 p < 0.001 15:9 32 op = 0.004 4.2 


*Compared with general obstetric population at Parkland Hospital. 


multiplicative effect on the risk of adverse pregnancy 
outcome. 

Renal tissue was obtained in 21 (40%) of the 53 
women. In all but one woman, biopsy was performed 
post partum; in the remaining woman percutaneous 
needle biopsy was done at 16 weeks’ gestation. Abnor- 
mal histologic patterns were documented in all biopsy 
specimens: 7 had membranous glomerulonephritis, 6 
had focal sclerosing glomerulonephritis, 3 had chronic 
glomerulonephritis, 2 had chronic pyelonephritis, and 
I each had nil change disease, immunoglobulin A 
nephropathy, and polycystic disease. Three of the seven 
with membranous glomerulonephritis had systemic lu- 
pus erythematosus clinically. 

Of the 32 women in whom biopsies were not done, 


20 (62%) had no documented cause of proteinuria. The 
other 12 had diagnoses based on clinical evaluation. 
These diagnoses included 4 with chronic glomerulo- 
nephritis, 3 with chronic pyelonephritis, and 1 each 
with polycystic kidney disease, hypertensive renal dis- 
ease, systemic lupus erythematosus, syphilitic nephro- 
sis, and orthostatic proteinuria. Three (6%) women had 
resolution of their proteinuria at follow-up. Two of 
these resolved spontaneously and the third resolved 
after treatment for syphilis. 

Long-term follow-up, defined as =10 years since the 
last index pregnancy or progression to end-stage renal 
disease, was available for 21 (40%) of the 53 women 
(not entirely homogeneous, with the group having had 
renal biopsy). Among these 21 women, end-stage renal 
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disease necessitating chronic hemod:alysis developed in 
11 (52%). The mean duration to end-stage disease de- 
velopment was 5 years (range 1 to 15). Importantly, all 
women with renal failure had evidence during the in- 
dex pregnancy of renal insufficiency associated with 
proteinuria. Chronic hypertension increased the like- 


lihood of subsequent renal failure compared with pro- - 


teinuria alone (odds ratio 2.84, p = 0.08). Moreover, 
even those with isolated proteinuria (14 in this cohort) 
had increased morbidity in that 2 (40%) of 5 monitored 
to 10 years had renal insufficiency. Biopsies were ob- 
tained from 4 (36%) of the women with renal failure: 
2 had sclerosing glomerulonephritis, 1 had immuno- 
globulin A nephropathy, and the other had chronic 
glomerulonephritis. Of the remaining 7 women with 
end-stage disease, the following clinical diagnoses were 
made: 3 had chronic glomerulonephritis, 2 had chronic 
pyelonephritis, and 1 each had hypertensive disease 
and systemic lupus erythematosus. 


Comment 


We sought to define the significance of persistent 
proteinuria discovered during pregnancy in otherwise 
asymptomatic women. It had been demonstrated pre- 
viously that protein excretion of up to 300 mg per day 
may accompany normal pregnancy, Dut levels in excess 
of this are considered pathologic.* *’? We used a min- 
imum value of 500 mg per day to exclude questionably 
significant cases.” It is important to emphasize that di- 
abetic pregnancies or those with evidence of pre- 
eclampsia at presentation were excluded from this 
study. The nephrotic syndrome in its purest form is 
characterized by proteinuria, edema, hypoalbumin- 
emia, and hyperlipidemia.'"* * The syndrome has mul- 
tiple causes, all of which characteristically damage the 
glomerular endothelium and cause abnormal filtration. 
The clinical spectrum that results is from excessive glo- 
merular leakage of proteins, with the hallmark of 
nephrotic syndrome being protein excretion of more 
than 3.5 gm/1.73 m?/day.'* Only cne third of these 
women had proteinuria sufficient enough to satisfy the 
classic definition of the nephrotic syndrome, and only 
a few of these had other stigma of the syndrome. Per- 
haps a term such as “proteinuric nephrosis” describes 
these women better but, whatever term is chosen, these 
women whose pregnancies were complicated by per- 
sistent but asymptomatic proteinuria had significantly 
increased adverse perinatal and long-term outcomes. 

Others" * have reported that isolated proteinuria is 
usually associated with a good pregnancy outcome, and 
except for a threefold increased :ncidence of pre- 


eclampsia, our observations are similar. Conversely, we - 


found that when there was coexisting renal insuff- 
ciency or chronic hypertension—tactors that com- 
monly coexist with renal disease—adverse pregnancy 


outcomes were increased significantly. Specifically, the- 
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incidences of preeclampsia, preterm delivery, and fetal 
growth retardation were increased markedly. This is 
not surprising because of the known adverse effects of 
these two disorders on pregnancy outcome.” ® 9% 16 17 
Several studies have shown that renal insufficiency is 
associated with adverse pregnancy outcomes” '**?; al- 
though the incidence of associated complications now 
reported is lower than that for pregnancies complicated 
by chronic renal insufficiency, most women now de- 
scribed had only mild renal dysfunction. For example, 
the median serum creatinine level among these women 
was 1.1 mg/dl. Although this value is less than the 1.4 
mg/dl commonly cited to define clinically significant 
renal dysfunction,” ® serum creatinine >0.8 mg/dl dur- 
ing gestation suggests a loss of =50% of the functioning 
nephron mass and indicates renal insufficiency. 
Antecedent hypertension complicated about 40% of 
these pregnancies with chronic proteinuria, and this 
alone is associated with an increased incidence of pre- 
eclampsia and fetal growth retardation.” Superimposed 
preeclampsia is difficult to diagnose when there is pre- 
ceding proteinuria, and this is made even more difficult 
when there is also underlying hypertension. For ex- 
ample, Katz et al.” performed renal biopsies in 13 preg- 
nant women with renal disease whom they suspected 
of having superimposed preeclampsia; only 7 (55%) of 
these had renal lesions considered characteristic of pre- 
eclampsia. For lack of better criteria, we defined pre- 
eclampsia as worsening hypertension or proteinuria or 
onset of characteristic symptoms with and without lab- 
oratory abnormalities such as thrombocytopenia and 
elevated serum hepatic transaminase concentration. 
Using this definition, we diagnosed superimposed pre- 
eclampsia in 60% of pregnancies that reached viability. 
In previous reports of women with renal dysfunction, 
the incidence of superimposed preeclampsia ranges 
from 10% to 60%* 1921.233; when there is chronic hy- 


' pertension, the incidence is as high as 80%. Moreover, 


it seems likely that these two factors of renal insuffi- 
ciency and hypertension are additive in their effects on 
gestation.” *> 1922 Although the early pregnancy loss 
rate, including therapeutic abortions, was only 12%, the 
stillbirth rate was 7% and there were two neonatal 
deaths among 53 infants born alive. The perinatal mor- 
tality rate of 108 per 1000 for the study group, although 
not prohibitive, represents significant morbidity for 
these women. 

In nonpregnant patients, persistent proteinuria is a 
marker for renal disease, and several studies have 
shown that the long-term prognosis is worse than that 
for patients with intermittent proteinuria.**** Levitt” 
reported observations from 185 college students with 
varying degrees of proteinuria; 41 years later he as- 
sessed their long-term outcomes. The mortality rate for 
those with persistent proteinuria was 57%; if renal dis- 
ease was Clinically apparent, the mortality rate reached 
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80%. The corresponding mortality rate was only 16% 
for an age-controlled group without proteinuria de- 
termined by insurance statistics. King’? compared the 
morbidity and mortality of patients with orthostatic and 
constant proteinuria and found that 57% of those with 
constant proteinuria had chronic hypertension and 
53% had chronic pyelonephritis within a mean of 6.3 
years. King*' later reported that of 59 apparently 
healthy men with constant proteinuria, 10 died of renal 
insufficiency over a 6-year follow-up period. Moreover, 
in the Framingham study” of more than 5000 patients 
there was a clearly increased relative risk of mortality 
with persistent proteinuria, and the age-adjusted mor- 
tality rate was 12.9 per 1000 women with proteinuria 
compared with only 5.8 per 1000 for those without 
proteinuria. 

To our knowledge none of these women now re- 
ported with asymptomatic proteinuria during preg- 
nancy have died, but we found that they had other 
serious long-term consequences. Specifically, of the 21 
women with extended follow-up now described, more 
than half required chronic dialysis or renal transplan- 
tation within a mean of 5 years. Although there is bias 
in that women with severe disease were more likely to 
return for follow-up at our hospital, these 11 women 
with renal failure still represent 20% of all of those 
discovered to have persistent proteinuria during preg- 
nancy. Daily urinary protein excretion has been shown 
to correlate with the rate of deterioration of renal 
function; as is shown in Fig. 2, we also found this 
linear relationship. 

All 21 women who underwent renal biopsy had in- 
trinsic renal disease. Microscopic examination showed 
a heterogeneous spectrum of renal diseases similar to 
those reported by others.”*” * Investigations of non- 
pregnant patients with isolated proteinuria have shown 
evidence of renal structural aberrations in 40% to 
100%; with persistent proteinuria, this incidence in- 
creases.” In our patients the most common histo- 
pathologic patterns were membranous glomerulo- 
nephritis and focal sclerosing glomerulcnephritis, two 
common primary glomerular lesions associated with 
asymptomatic proteinuria. In his review of 240 preg- 
nancies in women with renal disease antedating preg- 
nancy, Abe* showed that long-term maternal outcome 
was dependent on the type of renal disease. Only 5% 
of women with membranous glomerulonephritis evi- 
denced decreased renal function at final follow-up; 
33% of women with membranoproliferative disease 
had decreased renal function. Most patients with 
focal sclerosing glomerulonephritis and persistent pro- 
teinuria progress to end-stage renal disease or death 
within 10 years; however, only 20% to 30% of those 
with membranous glomerulonephritis do so.'° 

We did not address the significance of proteinuria 
of <500 mg per day. This lesser degree of proteinuria 


Chronic proteinuria in pregnancy 1223 


is not characteristically associated with renal dys- 
function; however, our observations are that coexist- 
ing renal disease is common when proteinuria exceeds 
this level. Postural orthostatic proteinuria may occur in 
women of reproductive age and can increase during 
pregnancy. Among the 53 women in this study, only 
one demonstrated orthostatic proteinuria. However, 
differentiating this entity from constant proteinuria is 
most important because the long-term prognosis for 
orthostatic proteinuria is significantly better. Protein- 
uria exceeding 500 mg per day should alert the clinician 
to the possibility of adverse pregnancy outcome. Spe- 
cifically, the risks for preeclampsia, preterm delivery, 
and fetal growth retardation are increased markedly. 
Although pregnancy outcomes are acceptable, the peri- 
natal mortality rate is increased at least fivefold com- 
pared with uncomplicated pregnancies. Perhaps the 
most important finding is that long-term maternal mor- 
bidity is significant and there is at minimum a 20% 
incidence of progression to end-stage renal disease. 
Postpartum renal evaluation is of paramount impor- 
tance in such women. In only two women was there 
documented spontaneous remission of persistent 
chronic proteinuria after delivery; thus it appears that 
the hasty acceptance of proteinuria as “gestational” is 
ill-advised. | 
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Selective pelvic and periaortic lymphadenectomy 
does not increase morbidity in surgical staging of 


endometrial carcinoma 


Howard D. Homesley, MD, Nicholas Kadar, MD,” Rolland J. Barrett, MD, and 


Samuel S. Lentz, MD? 


Winston-Salem, North Carolina, and New Brunswick, New Jersey 


OBJECTIVE: The objective of this study was to retrospectively assess whether there was increased 
morbidity associated with the addition of selective pelvic and periaortic lymphadenectomy to hysterectomy 


in patients with endometrial carcinoma. 


STUDY DESIGN: From 1977 through 1988, 196 patients undergoing selective pelvic and periaortic — 
lymphadenectomy plus hysterectomy were compared with 104 patients who underwent hysterectomy alone 


for endometria! adenocarcinoma. 


RESULTS: Only after adjusting for covariates was selective pelvic and periaortic lymphadenectomy 
associated with a higher estimated blood loss, which increased linearly with weight and was higher for 
black than for white women. The transfusion rate was similar for the two groups (selective pelvic and 
periaortic lymphadenectomy 6%, hysterectomy 10%). The mean blood loss was significantly different 
among the four gynecologic oncology surgeons (range 343 to 652 mi). The operating time primarily 
depended on patient weight and race, surgeon, and estimated blood loss. Postoperative hospital stay 
increased significantly with age, surgeon, wound infections, thrombotic events, and serious complications. 
Selective pelvic and periaortic lymphadenectomy had no effect on wound infections, which were directly 
related to operating time. Seventy-five (88%) of the selective pelvic and periaortic lymphadenectomy group 
and 19 (18%) of the hysterectomy group (p < 0.01) received whole-pelvic raciation with no difference in 
bowel complications (selective pelvic and periaortic lymphadenectomy 2/75, hysterectomy 1/19). The risk 


of serious complications was associated only with increasing age. 


CONCLUSION: Selective pelvic and periaortic lymphadenectomy in patients with endometrial carcinoma 
does not significantly add to morbidity from hysterectomy, which is related primarily to other factors such 
as patient weight, age, and race; operating time; and surgeon. (Am J Osstet Gyneco 1992;167:1225- 


30.) 


Key words: Morbidity, lymphadenectomy, endometrial carcinoma 


The treatment of early (International Federation of 
Gynecology and Obstetrics 1970 clinical stages I and 
II) endometrial carcinoma has been variable, and op- 
timal therapy remains undefined. There is general 
agreement that the most important component of any 
treatment plan is hysterectomy, but the indications, tim- 
ing, and type of radiation therapy have varied widely 
among different centers.’ With a trend toward primary 
surgery and omission of the preoperative intracavitary 
component of adjunctive radiotherapy, some conform- 
ity in treatment has occurred in recent years.? None- 
theless, the indication for radiation therapy remains 
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controversial, and in fact the only randomized con- 
trolled clinical trial reported to date failed to demon- 
strate that whole-pelvic radiation therapy improved 
survival.’ 

The recent adoption by International Federation of 
Gynecology and Obstetrics of a new surgical staging 
system for endometrial carcinoma tacitly calls for pelvic 
and periaortic lymphadenectomy because of the lower 
survival associated with positive pelvic and periaortic 
nodes.? The surgical staging system does not dictate 
therapy and leaves the indications for lymphadenec- 
tomy undefined. Lymphadenectomy is a potentially 
morbid procedure, which can only be justified in clinical 
practice if it improves outcome as reflected by either 
increased survival or decreased morbidity by avoiding 
radiation. The purpose of this study was not to evaluate 
justifications for lymphadenectomy on the basis of sur- 
vival but to focus primarily on the morbidity resulting 
from lymphadenectomy. 
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Table I. Patient characteristics and morbidity 
stratified by type of surgery 







Pelyic and periaortic 
lymphadenectomy 


Cases (No.) 196 104 
Nonwhite (No.) 13 6 
Age (yr) 6l 62 
Weight (lb)* 166 190 
Performance status scoret 
I 23 13 
II 130 47 
III 41 33 
IV 0 1 
Not specified 2 10 
Estimated blood loss (ml, 478 536 
mean) 
Operating time (min, 134 135 
mean) 
Postoperative stay (days, 9 ll 
mean) - 
Transfusions (No. and %) 11 (6%) 10 10%) 
Wound infection (No. and 28 (14%) 9 (9%) 
PXT. 
Thromboembolic events 8 (4%) 3 (3%) 
(No. and %) 
Serious morbidity (No. 12 (6%) 7 (7%) 
and %) 
Radiation therapy (No. 75 (38%) 19 (18%) 
and %) 
Radiation complication 2 (3%) 2 (11%) 
(No. and %) 


*Differences between groups statistically significant, 
p<0.01. 


Differences between groups statistically significant, 
p < 0.05. 


Methods 


The hospital records of patients listed in the tumor 
registry of the Comprehensive Cancer Center of Wake 
Forest University as having been treated for endome- 
trial carcinoma between the years 1977 and 1988 in- 
clusive were reviewed for this study and for an analysis 
of survival. Patients were included in this study if they 
had FIGO 1970 clinical stage I or II disease and if they 
underwent primary surgery, consisting of total abdom- 
inal hysterectomy or bilateral salpingo-oophorectomy, 
either alone (hysterectomy group) or combined with 
selective pelvic and periaortic lymphadenectomy 
(lymphadenectomy group), at the Comprehensive Can- 
cer Center of Wake Forest University. 

The selective lymphadenectomy was performed in 
accordance with the guidelines of the Surgical Manual 
of the Gynecologic Oncology Group by excising pelvic 
nodal tissue from the distal one half of the common 
iliac arteries, anterior and medial external ilac arteries 
and veins, and the obturator fat pad anterior to the 
obturator nerve. The aortic dissection included excision 
of nodal tissue over the distal vena cava from the level 
of the inferior mesenteric artery to the mid common 
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iliac arteries. Patients routinely received preoperative 
first- or second-generation cephalosporin antibiotics 
and intermittent venous calf compression, most com- 
monly with the Gaymar system. 

The information to be collected was determined be- 
fore inspection of the data and printed onto case forms. 
The required information was then abstracted from the 
hospital charts and office records onto these forms by 
the authors. The patient characteristics included age, 
race, weight, height, and preoperative physical status 
as indicated in the anesthesia record by the anesthe- 
siologist.° Treatment variables were surgeon perform- 
ing the operation, year of treatment, type of. operative 
procedure, use of adjunctive radiation therapy, and 
complications after surgery and radiation therapy. - 

The Generalised Linear Interactive Model (GLIM, 
release 3.77) statistical software was used for statistical 
analysis. Standard regression models were used to ana- 
lyze the dependency of continuous outcome variables 
(estimated blood loss, operating time, hospital stay) on 
treatment and to adjust for covariates that also influ- 
enced outcome (e.g., weight, race, surgeon). The Box- 
Cox method was used to select a suitable transformation 
of the response to normality. The logarithmic trans- 
formation proved to be the most suitable for the esti- 
mated blood loss and operating time, whereas the 
inverse transformation was used for the duration of 
postoperative hospitalization. Inspection of quartile- 
quartile plots of the residuals revealed no departure 
from linearity.’ Significance tests were based on the ¢ 
and F distributions. A nominal 5% significance level 
was used to include variables in the regression models. 
Logistic regression was used to analye the dependency 
of dichotomous response variables (wound infection, 
pulmonary embolus, serious morbidity) on treatment 
and to adjust for relevant explanatory variables. Like- 
lihood ratio and Wald’s statistics were used for signif- 
icance testing. Log linear models were used to analyze 
contingency tables. 


Results 


Three hundred three patients underwent primary 
hysterectomy with or without pelvic and periaortic 
lymphadenectomy at the Comprehensive Cancer Cen- 
ter of Wake Forest University between the years 1977 
and 1988, but three patients were excluded because of 
incomplete information. There were no complications 
among these three patients. Of the remaining 300 pa- 
tients, 196 were in the lymphadenectomy group and 
104 in the hysterectomy group. The patient character- 
istics and treatment complications for these two treat- 
ment groups are shown in Table I. The differences 
between the two groups in patient weight (p < 0.01) 
and physical status (p < 0.05) were statistically signi- 
icant. The proportion of patients receiving radiation 
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Table If. Patient characteristics and morbidity stratified by surgeon 


Surgeon 


= 


Operations (No.) 193 
Lymphadenectomy (No. and %)* 155 (80%) 
Nodes removed (No., median) 1] 
Age (yr, mean) 60 
Weight (lb, mean) 171 
Performance status score 

I 24 

II 118 

It 45 

IV 0 

Not specified 6 
Estimated blood loss (ml, mean)f 48] 
Operating time (min, mean)* 124 
Postoperative stay (davs)* 9 
Transfusions (No. anc %) 11 (6%) 
Wound infection (No. and %) 25 (13%) 
Pulmonary embolus (No. and %) 6 (3%) 
Serious morbidity (No. and %) 11 (6%) 


*Differences between groups statistically significant, p < 0.01. 
+Differences between groups statistically significant, p < 0.05. 


therapy was also different for the two groups 
(p < 0.01). 

The operations were performed by four postfellow- 
ship gynecologic oncology surgeons assisted by resi- 
dents in obstetrics and gynecology. The patient char- 
acteristics and treatment morbidity are shown for each 
surgeon in Table I. Statistically significant differences 
‘between the different surgeons were observed for the 
following factors: proportion of lymphadenectomies 
performed, estimated operative blood loss, operating 
time, duration of postoperative hospitalization, and 
wound infection rate. 

Nineteen (6%) of the patients were African Ameri- 
cans. The patient characteristics and treatment mor- 
bidity stratified by patient race is shown in Table III. 
Significant differences between African Americans and 
white women were observed in estimated blood loss and 
operating time (p < 0.01). 

Blood loss. The estimated blood loss increased di- 
rectly with operating time. The covariates that individ- 
ually affected estimated blood loss significantly were 
the patient’s weight and race and the surgeon perform- 
ing the operation but not the treatment. Estimated 
blood loss increased linearly with weight and was higher 
for black women than for white women, regardless of 
which surgeon performed the operation. After we ad- 
justed for these covariates, lymphadenectomy did in- 
crease the estimated blood loss significantly. For ex- 
ample, on average, white women of average weight (160 
pounds) in the lymphadenectomy group lost 90 ml 
more blood than did white women in the hysterectomy 
group. 

There was a significant interaction between estimated 


47 43 17 
27 (37%) 7 (16%) 7 (41%) 
14 15 10 
64 63 62 
176 187 183 
5 4 53 
27 23 9 
12 à 13 4 
l 0 0 
2 3 l 
487 652 343 
145 153 183 
12 9 8 
2 (4%) 7 (16%) 1 (6%) 
10 (21%) 0 2 (12%) 
4 (9%) 1 (2%) 0 
5 (11%) 1 (2%) 0 


Table HI. Patient characteristics and morbidity 


stratified by race | 


No. of cases 281 19 

Lymphadenectomy 183 13 
(Na.) 

Age (yr) 6l 59 

Weight (Ib) 174 180 

Physical status score 
l 34 2 
2 166 1] 
3 69 5 
4 l 0 
Not specified ll l 

Estimated blood loss 485 693 
(ml, mean)* 

Operating time (min, 133 156 
mean)* 

Postoperative stay 10 9 


(days, mean} 


Transfusions (No. and 19 (7%) 2 (11%) 
%} 

Wound infection (No. 33 (12%) 4 (21%) 
and %) 

Pulmonary embolus | 11 (4%) 0 
(No. and %) 

Serious morbidity (No. 18 (6%) 1 (5%) 
and %) 

Radiation therapy 87 (31%) 7 (37%) 
(No. and %) 

Radiation complication 3 (1%) 1 (5%) 


(No. and %) 


*Differences between groups statistically significant, 
p < 0.01. 


blood loss and surgeon, and most of the increased es- 
timated blood loss was attributable to surgeon B, for 
whom mean estimated blood loss was significantly 
higher after lymphadenectomy. For the other surgeons 
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estimated blood loss was not significantly different be- 
tween the two treatment groups even after we adjusted 
for weight and race. After exclusion of surgeon B, the 
treatment effect disappeared, but the surgeon effect 
remained and was attributable entirely to surgeon D, 
whose patients lost significantly less blood than did 
those of the other surgeons, regardless of whether 
lymphadenectomy was performed. 

‘Twenty-one (7%) patients received a blood transfu- 
sion, of which 17 were single-unit transfusions given in 
the early years of the study and which were not con- 
sidered in the analysis because they would be consid- 
ered superfluous by modern standards. None of the 
covariates examined significantly affected the likeli- 
hood of receiving a bloed transfusion. 

Operation time. Although lymphadenectomy adds 
to the operating time, the mean operating times for the 
two treatment groups were almost identical (Table I). 
This anomalous finding is attributable to the fact that 
several factors influenced operating time and that some 
of these were not proportionately distributed between 
the two treatment groups. After we adjusted for these 
confounding covariates, lymphadenectomy could be 
shown to prolong operating time, and operating time 
also increased significantly with the number of lymph 
nodes removed. The factors that independently af- 
fected the operating time were the weight and race of 
the patient and the surgeon performing the operation 
but not the number of lymph nodes removed. The 
operating time increased significantly with the esti- 
mated blood loss, except for surgeon D who had the 
longest operating time and the lowest blood loss. 

Postoperative stay. The length of hospitalization af- 
ter surgery increased significantly with age and was 
longer when wound infections, thrombotic events, or 
other serious complications develosed. The length of 
hospitalization after surgery was also affected by the 
' surgeon performing the operation, independently of 
complications or patient age. 

Seventy-eight (26%) patients suffered one or more 
complications after surgery, 23 of which were minor, 
consisting of prolonged atelectasis, ileus, urinary tract 
infections, or fever of undefined source. Another four 
patients suffered serious complications after radiation 
therapy, with three experiencing gastrointestinal tox- 
icity severe enough to interrupt or curtail treatment. 

Wound infection. The overall wound infection rate 
was 12.3% (37/300); it increased significantly with op- 
erating time and also varied significantly with the sur- 
geon performing the operation. The surgeon effect was 
largely attributable to the absence of wound infection 
in surgeon C’s patients. This is misleading, however, 
because surgeon C routinely closed the wounds of obese 
women secondarily, and it was not possible to assess 
retrospectively the wound infection rate in these cases. 
After we excluded the cases with treatment given by 
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surgeon C, the variation in the wound infection rate 
between surgeons was no longer statistically significant. 
The increase in the wound infection rate with operating 
time remained statistically significant, and patient 
weight also became a significant factor. The wound in- 
fection rate was still not affected by the amount of blood’ 
loss, lymphadenectomy, or the number of lymph nodes 
removed. 

Deep vein thrombosis and pulmonary embolus. 
Thrombotic complications were recognized in lIl 
(3.7%) patients, nine had pulmonary emboli and two 
had deep venous thrombosis of the legs. Three of the 
nine patients with pulmonary emboli died. The risk of 
thrombotic complications was not significantly influ- 
enced by any of the variables examined, including 
lymphadenectomy and the number of lymph nodes re- 
moved. The risk increased with age, but the age effect 
just failed to reach statistical significance. 

Complications after radiation therapy. Seventy-five 
(38%) lymphadenectomy patients and 19 (18%) hys- 
terectomy patients received whole-pelvic radiation. Se- 
rious complications occurred in four patients (two gas- 
trointestinal fistulas, one small bowel obstruction re- 
quiring lysis of adhesions, and one myocardial 
infarction}. The complication rates for the two-treat- 
ment groups were not significantly different. A further 
three patients in the lymphadenectomy group experi- 
enced gastrointestinal toxicity severe enough to inter- 
rupt or curtail treatment. 

Serious complications. An evisceration occurred in 
each treatment group, and one patient had a postop- 
erative cerebrovascular accident. Two patients had ves- 
icovaginal fistulas after lymphadenectomy, and one pa- 
tient had an enterocutaneous fistula after hysterectomy. 
The four complications associated with radiation in- 
cluded a bowel fistula in each group, bowel obstruction 
after radiation preceded by lymphadenectomy, and a 
myocardial infarction while receiving radiation after 
hysterectomy. 

Patients with pulmonary emboli, serious medical 
complications, fistulas, or serious complications after 
radiation therapy were pooled and designated as the 
serious complications group. The risk of a serious com- 
plication increased with age and operating time but was 
not related to any other variable, including treatment. 
Operating time lost statistical significance after adjust- 
ing for age. 

Mortality. Treatment-related mortality was not sig- 
nificantly different between the hysterectomy group 
(3/104) and the lymphadenectomy group (1/196). In 
the hysterectomy group one patient died of multiple 
bowel fistulas several years after postoperative radia- 
tion, and the other two died of pulmonary emboli. The 
death in the lymphadenectomy group was associated 
with a pulmonary embolus. 

Correlation of variables. Table IV summarizes the 
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Table IV. Relationship between explanatory and outcome variables 


Selective pelvic 


and periaortic 
lymphadenectomy* 


Outcome variable 





Estimated blood losst 
Operating timet = 
Hospital stay — 
Wound infectionst — 
Pulmonary embolus = 
Serious complications} = = 


Ll +++ 


+ - + + 


Explanatory variable 


= + ~} _ 
+ == — == 
—(+) = z= SA 


— —_— — 


+ — — — 


The correlations are noted between the explanatory variables and the cutcome variables after adjustments were made for 
confounding factors. +, Correlation; —, no correlation; (+), correlation after confounding variable adjustment. 

*Within the explanatory variables selective pelvic and periaortic lymphadenectomy, age, and weight are correlated with physical 
status; that is, the higher the physical status (performance status II or III), the fewer the selective pelvic and periaortic lymph 
adenectomies and the greater the age and weight, the higher the physical status. 

tAmong the outcome variables, increased mean estimated blood loss, wound infections, and serious complications correlated 


with increased operative time. 


Prolonged hospital stay was affected by the surgeon and increased age and was associated with wound infections, thrombotic 


events, and serious complications. 


relationship of the explanatory variables (surgeon, age, 
weight, race, and physical status) and the outcome vari- 
ables (estimated blood loss, operating time, postoper- 
ative stay, wound infections, and pulmonary embolus) 
in assessing the morbidity between the lymphadenec- 
tomy and hysterectomy groups. 


Comment 


In this study selective pelvic and periaortic lymph- 
adenectomy was not associated with a significant in- 
crease in either surgical morbidity or morbidity from 
subsequent radiation therapy. No radiation cystitis or 
radiation proctitis was expected because no high-dose 
vaginal brachytherapy was given. 

Indeed, the treatment-related mortality was higher 
for the hysterectomy group (3/104) than for the lymph- 
adenectomy group (1/196), although this was not sta- 
tistically different. Because patients were not randomly 
assigned to treatment, it is possible that selection bias 
may have masked real differences in morbidity between 
the two treatments. The fact that patients in the hys- 
terectomy group weighed significantly more than pa- 
tients in the lymphadenectomy group and that they 
tended to have higher anesthesia physical status scores 
would tend to lend credence to this possibility. How- 
ever, no significant difference in morbidity emerged 
between the two groups after we adjusted for these and 
other maldistributed covariates. Nonetheless, because 
of the retrospective nature of the study and the low 
complication rate observed, it is possible that through 
the operation of subtle selection biases patients in the 
lymphadenectomy group were at lower risk for com- 
plications than those in the hysterectomy group, thus 
producing increased morbidity associated with hyster- 
ectomy. ‘This seems to us unlikely, however, because 


there were twice as many patients in the lymphade- 
nectomy group as in the hysterectomy group, and the 
likely determinants of morbidity were adjusted for in 
the analysis. 

Lymphadenectomy did increase the operative blood 
loss significantly, but the increase was minimal, as re- 
flected by the similar transfusion rates for the two treat- 
ment groups. Different surgeons varied the threshold 
for transfusion for individual patients. The amount of 
blood lost did not affect the frequency of any of the 
other complications investigated, namely, wound in- 
fection, deep venous thrombosis and pulmonary em- 
bolus, and aggregate serious morbidity. Serious hem- 
orrhagic complication, especially during periaortic 
lymphadenectomy, is of course an ever-present possi- 
bility and was occasionally encountered, but it did not 
cause serious or long-term morbidity; excessive blood 
loss occurred in the hysterectomy group as well. 

Neither the association of increased blood loss and 
black race nor the increased operating time could be 
explained by consideration of other variables such as 
differences in uterine weights and incidence of pelvic 
inflammatory disease. These findings should be as- 
sessed by others in future studies. 

Operating time increased with the number of lymph 
nodes removed, after we adjusted for the other vari- 
ables that affected operating ume (weight, race, sur- 
geon, and estimated blood loss). After correction for 
confounding variables, operating time itself affected 
the wound infection rate but not the frequency of other 
complications. However, patient weight was the only 
independent risk factor for wound infection after op- 
erating time was accounted for. In other words, by in- 
creasing the operating time, lymphadenectomy may 
contribute to an increase in the wound infection rate; 
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however, it was the operating time per se (in addition 
to patient weight) rather than lymphadenectomy that 
appeared to be the determinant factor, and this itself 
was significantly affected by many other variables be- 
sides lymphadenectomy. 

In a recent abstract Clarke-Pearson et al.* reported 
increased morbidity associated with a large series of 
endometrial cancer patients undergoing selective 
lymphadenectomy over a 17-year interval. Compared 
with hysterectomy alone, the lymphadenectomy group 
had longer operative times, greater blood loss, and a 
higher transfusion rate. For lymphadenectomy other 
complications, such as lymphedema, bowel obstruction, 
and deep venous thrombosis, and mortality rates were 
also higher, with the conclusion that lymphadenectomy 
produced significantly more morbidity than did hys- 
terectomy alone. 

In the current series at the Comprehensive Cancer 
Center of Wake Forest University where patients were 
treated prophylactically with intermittent venous calf 
compression, there was a 3.7% (11/300) incidence of 
thromboembolic complications (nine cases of pulmo- 
nary emboli with three deaths and two patients rec- 
ognized with deep venous thrombosis). Differences in 
morbidity between the lymphadenectomy and hyster- 
ectomy groups were accounted for by factors such as 
surgeon, weight, race, and age rather than surgical pro- 
cedure. i 

Orr et al.,° reporting by abstract, had contrasting 
findings to those of Clarke-Pearson et al.® in a series 
begun in 1986 of endometrial carcinoma patients who 
underwent hysterectomy with complete pelvic lymph- 
adenectomy and paraaortic node biopsy. The mean op- 
erating time was 78 minutes, with a mean blood loss of 
338 ml and a 3% transfusion rate with removal of 24 
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(mean) lymph nodes per patient and an operative death 
rate of 0.6%. 

The current series of patients does indicate that at 
least four interactive variables (surgeon, age, weight, 
and race) may decide outcome, and when all of these 
variables are analyzed with multivariate methods, the 
addition of selective pelvic and periaortic lymphade- 
nectomy to hysterectomy does not have an adverse im- 
pact on surgical morbidity in the staging of early en- 
dometrial cancer nor does it increase the morbidity 
associated with subsequent whole-pelvic irradiation. 
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Evaluation of rapid diagnostic tests in the detection of 
microbial invasion of the amniotic cavity 


Laura L. Coultrip, MD,” and J.H. Grossman, MD, PhD? 


Falls Church, Virginia, and Washington, D.C. 


OBJECTIVE: We sought to determine and compare the value of several rapid diagnostic tests in the 


detection of intraamniotic infection. 


STUDY DESIGN: Gram stain, intraamniotic glucose level determination, leukocyte esterase assay, and the 
Limulus amebocyte lysate assay were performed on 144 amniotic fluid specimens retrieved by 
transabdominal amniocentesis in 136 patients with preterm premature rupture of the membranes or 
preterm labor. Diagnostic indices for a positive amniotic fluid culture and the development of clinical 
infection were calculated for each rapid test. Receiver-operator characteristic curves were generated to 
help select the optimal glucose level and combination of tests to detect intraamniotic infection. 

RESULTS: The greatest sensitivity for predicting either a positive culture or subsequent clinical infection in 
preterm labor patients and in predicting clinical infection in patients with preterm premature rupture of the 
membranes was demonstrated by a low glucose level. The Gram stain provided the greatest positive 
predictive value in patients with preterm labor. Combining the Gram stain and measurement of 
intraamniotic glucose levels did not improve sensitivity above glucose alone or positive predictive value 


above Gram stain alone. 


CONCLUSION: Leukocyte esterase determination and Limulus amebocyte lysate assay are insensitive 
indicators of intraamniotic infection. Selection of Gram stain or glucose level measurement alone or in 
combination as an appropriate screen for intraamniotic infection will depend on the clinicians’ false- POSMS: 


rate threshold. (Am J OsBsteT GYNECOL 1992;167:1231-42.) 


Key words: Chorioamnionitis, glucose, Gram stain, leukocyte esterase, Limulus amebocyte 


lysate assay, amniotic fluid 


Microbial invasion of the amniotic cavity is frequently 
found in patients with preterm labor with intact mem- 
branes and preterm premature rupture of the mem- 
branes.'* The diagnosis of this condition is important 
because microbial invasion of the amniotic cavity is a 
risk factor for maternal and neonatal infections and 
noninfectious complications." * The culturing of am- 
niotic fluid has been used as a means of identifying 
patients at risk for infectious morbidity.*° Because the 
results of such cultures are not immediately available, 
rapid, inexpensive techniques such as the Gram stain, 


leukocyte esterase assay,” ® Limulus amebocyte lysate as- 


say, and intraamniotic glucose level determination have 
been recommended for their value in supplying the 
information needed to make timely management de- 
cisions. | 
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The Gram stain is the most frequently used rapid 
diagnostic test for detecting intraamniotic infection. 
Sensitivity and positive predictive value of this test 
range from 0%° to 84.6%" and 0%% to 100%, re- 
spectively. In spite of this broad range of diagnostic 
indexes, the Gram stain remains the standard against 
which other tests are compared (Table I). The presence 
of leukocyte esterase activity reflects the presence of 
activated neutrophils and has been used as a rapid bed- 
side test for intraamniotic infection. Sensitivity ranges, 
however, from 19%° to 94%. The Limulus amebocyte 
lysate assay, a test for bacterial endotoxin, has a sen- 
sitivity of 69% in the detection of microbial invasion of 
the amniotic cavity; however, the combined use of the 
Limulus amebocyte lysate and the Gram stain increases 
the sensitivity to 95.6%.'"* More recently a low intraam- 
niotic fluid glucose level has been reported to be a sen- 
sitive indicator of amniotic fluid infection.’*'* Compar- 
ative evaluation of the usefulness, limitations, and di- 
agnostic efficiency of the various tests are limited by a 
varying prevalence of infection in different patient 
populations and inconstant definitions of intraamniotic 
infection. The purpose of this study was to evaluate the | 
diagnostic performance of several rapid diagnostic 
tests, including the Gram stain, leukocyte esterase, Lim- 
ulus amebocyte lysate assay, and intraamniotic glucose 
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Table I. Comparison of rapid diagnostic tests with the Gram stain in the detection of intraamniotic infection 


Author Year Test 
Romero et al.° 1988 Leukocyte esterase 
Hoskins et al.’ 1987 Leukocyte esterase 
Egley et al.’ 1988 Leukocyte esterase 
Romero et al.” 1990 Glucose level <14 
mg/d! 

Kirshon et al.'ê 1991 Glucose level <10 
mg/dl 

Gauthier et al.” 199] Glucose level =16 
mg/dl 

Klitz et al." 1991 Glucose level =5 
mg/dl 

Romero et al." 1987 Limulus amebocyte 


lysate assay 


AF, Amniotic fluid. 


level measurement in the detection of intraamniotic 
infection as defined by a positive amniotic fluid culture 
or by clinical infection within 24 hours of amniocentesis 
in our patient population. 


Material and methods 


Patient population. The study population consisted 
of 136 patients admitted to either Fairfax Hospital or 
George Washington University Medical Center with 
preterm labor (n = 107) or preterrn premature rup- 
ture of the membranes (n = 29) who underwent am- 
niocentesis to detect microbial invasion of the amniotic 
cavity. Our practice is to offer amniocentesis to patients 
in preterm labor requiring tocolysis and to patients with 
preterm premature rupture of the membranes to ex- 
clude occult infection. We excluded from this study 
patients with overt diabetes, patients currently receiv- 
ing intravenous B-sympathomimetics or intravenous 
antibiotic therapy, and patients receiving intramuscular 
stercids for fetal lung maturity within the 24 hours 
preceding amniocentesis. Two women with gestational 
diabetes with normal hemoglobin Aw well-documented 
normoglycemia (including at time of amniocentesis), 
and without macrosomic infants were included. In- 
cluded also were three patients who had received oral 
antibiotics within 72 hours before amniocentesis for 
presumed vaginitis, urinary tract symptoms, and re- 
solving suspected pyelonephritis. Gestational age 
ranged from 20 to 36 weeks. Rupture of the mem- 
branes was confirmed by Nitrazine test, pooling, and 
ferning. Preterm labor was defined as the presence of 
regular contractions occurring at least every 5 minutes. 

Clinical management. Results of the Gram stain ex- 
amination of amniotic fluid were used in patient man- 
agement. A positive Gram stain for microorganisms was 
used as an indication for antibiotic taerapy but not for 
induction of labor in patients with preterm premature 
rupture of the membranes in the absence of clinical 
infection. In the context of preterm labor with intact 


n Outcome variable 
171 Positive AF culture 

21 Clinical infection 

44 Positive AF culture 
168 Positive AF culture 

39 Positive AF culture and placenta 

and histologic chorioamnionitis 

204 Positive AF culture 

85 Positive AF culture 

65 Positive AF culture 


membranes, a positive Gram stain was not an indication 
for discontinuation of tocolysis in the absence of clinical 
infection. Antibiotic selection was at the discretion of 
the attending physician, but most cases received am- 
picillin and gentamicin. Patierts with a negative Gram 
stain of the amniotic fluid and positive cultures were 
also treated with antibiotics if they were still undeliv- 
ered when culture results became available. The de- 
velopment of clinical chorioamnionitis was an indica- 
tion for induction of labor or discontinuation of toco- 
lysis. 

Clinical chorioamnionitis was defined as an oral tem- 
perature of =37.8° C in the absence of other infection 
or two of the following criteria: maternal heart rate 
>100 beats/min in the absence of 8-sympathomimetic 
tocolysis, fetal heart rate > 160 beats/min in the absence 
of B-sympathomimetic tocolysis, uterine tenderness, 
foul-smelling amniotic fluid, or maternal leukocytosis 
(white blood cells =15,000/mm/’*) in the absence of 
steroid administration. Neonatal sepsis was defined as 
a positive blood, urine, or cerebrospinal fluid 
culture. 

Amniotic fluid retrieval and culture. Transabdom- 
inal amniocentesis under ultrasonographic guidance 
was used to retrieve 144 amniotic fluid specimens in 
136 patients (three multiple zgestations, four patients 
sampled serially). Amniotic fluid was transported in a 
sterile, capped syringe and plated for aerobes (choco- 
late, Thayer-Martin, V agar, Sabouraud dextrose agar, 
sheep blood), anaerobes (sheep blood and chocolate 
agar with the Gas Pak pouch system; BBL Company, 
Baxter Scientific, Columbia, Md.), Mycoplasma, and 
Ureaplasma (Mycotrim GU system). Growth was re- 
ported semiquantitatively (light, moderate, heavy). A 
positive culture was defined as any growth, although 
growth of several colonies of Staphylococcus epidermidis, 
which occurred in one instance, was regarded as a skin 
contaminant and considered negative. 

Gram stain. Gram stain of the amniotic fluid was 


f 
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Number 5 


Gram stain vs rapid diagnostic tests 


Specificity (%) Positive predictive value (%) 





Sensitivity (%) Negative predictive value (%) 


36.2 vs 19 94.7 vs 86.7 — 77.8 vs 42.3 74.3 vs 67.6 
62 vs 91 81 vs 95 77 vs 95 68 vs 91 

54 vs 81 83 vs 100 82 vs 100 44 vs 78 
65.2 vs 86.9 99.3 vs 91.7 93.7 vs 62.5 94.7 vs 97.8 
66 vs 100 100 vs 90 100 vs 75 90 vs 100 
30 vs 79 98 vs 94 87 vs 87 . 74 vs 90 

50 vs 63 100 vs 99 100 vs 90 91 vs 93 
60.8 vs. 69 90.4 vs 95.2 77.7 vs 80 80.8 vs 84 


performed with standard reagents (crystal violet, saf- 
ranin, and Gram’s iodine) and interpreted by trained 
laboratory technologists. The presence of any bacteria 
per oil-immersion field (magnification X 100) was de- 
fined as positive. White blood cells per oil field were 
recorded as absent (0), rare (1 to 5), few (6 to 10), 
moderate (11 to 20), or many (>20). Gram stain results 
were available for clinical management. 

_ Leukocyte esterase. The presence of leukocyte es- 
terase activity was tested by placing one drop of am- 
niotic fluid on a Chemstrip 9 Reagent strip (Boehringer 
Mannheim Diagnostics, Indianapolis). The results were 
read at 2 minutes as negative, trace, 1+, or 2+, ac- 
cording to the accompanying color chart. A 1+ or 2+ 
result was considered positive. Leukocyte esterase re- 
sults were not available for clinical management. 

Amniotic fluid glucose.’ After centrifugation, am- 
niotic fluid supernatant was stored at —40° C or —70° 
C until analysis with the Beckman (Beckman Instru- 
ments Diagnostic Systems Inc., Brea, Calif.) glucose 
analyzer (glucose oxidase method). All specimens were 
run in duplicate. The coefficient of variation was 1%. 
The mean of the two values was used for data analysis. 
Glucose results were not available fer clinical man- 
agement. . 

Limulus amebocyte lysate assay. The Limulus ame- 
bocyte lysate assay was performed on 118 amniotic fluid 
specimens. The Limulus amebocyte lysate assay could 
not be performed in 18 patients because not enough 
fluid was available for testing. All patients not tested 
were delivered at term, had negative amniotic fluid 
cultures, and had amniotic fluid glucose levels >15 
mg/dl. The Limulus amebocyte lysate assay (high sen- 
sitivity, 0.030 EU/ml; Associates of Cape Cod, Woods 
Hole, Mass.) was performed according to the manu- 
facturer’s instructions; 0.2 ml of thawed amniotic fluid 
was inoculated into test vials of Limulus amebocyte lysate 
assay, vortex agitated, and submerged in a 37° C water 
bath for I hour. A positive test result was indicated by 


formation of a noncollapsible gel on tube inversion. A 
positive control (Escherichia coli suspension) and nega- 
tive control (sterile water) were run concurrently. Re- 
sults of the Limulus amebocyte lysate assay were not 
available for clinical management. 

Statistical analysis. For each test (Gram stain, leu- 
kocyte esterase, Limulus amebocyte lysate assay, amni- 
otic fluid glucose level),. diagnostic indices were cal- 
culated for a positive amniotic fluid culture and the 
development of clinical chorioamnionitis within 24 
hours of the amniocentesis. If serial amniocenteses 
were performed, only the initial amniocentesis was used 
for data analysis. Because the prevalence of infection 
is different in preterm premature rupture of the mem- 
branes and preterm labor patients and predictive value 
is dependent on prevalence, diagnostic indexes for pre- 
term premature rupture of the membranes and pre- 
term labor patients were calculated separately. Re- 
ceiver-operator characteristic curves (true positives ver- 
sus false positives) were generated for different glucose 
levels alone or in combination with another positive test 
result for either a positive amniotic fluid culture or 
clinical infection within 24 hours for patients with pre- 
term labor and preterm premature rupture of the 
membranes separately. The Mann-Whitney test was 
used to compare glucose concentrations in patients with 
and without infection. Fisher’s exact test was used to 
compare proportions. Significance was defined as 
p < 0.05. 


Results 


One hundred forty-four amniocenteses were per- 
formed in 136 patients admitted with preterm pre- 
mature rupture of the membranés (n = 29) or preterm 
labor with intact membranes (n = 107). Of these 136 
patients, 54% (73/136) were delivered preterm (all pa- 
tients with preterm premature rupture of the mem- 
branes and 42% of patients with preterm labor and 
intact membranes). The mean gestational age at the 
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Table II Results of diagnostic tests and clinical data in patients with positive amniotic fluid cultures 





















Organisms, 














Limulus 






















Glucose | white blood amebocyte 
Patient level cells on | Leukocyte | lysate Clinical Indication for 
No. Organism Grewth | (mg/dl)* | Gram stain | esterase assay infection} amniocentesis 





















1 Streptococcus agalactiae Heavy 0/0 Positive, 1+ Negative: Yes Premature rupture of 
l FP the membranes 
2  Eubacterium aerofaciens Moderate 1/2 Positive, NA Negative Yes Preterm labor 
MDP 
3 1. S. agalactiaet Heavy 1/2 Positive, 2t Positive No Preterm labor 
RP l 
2. S. agalactiae Heavy 0/1 Positive, 2f Positive Yes — 
RP 
4 S. agalactiae Heavy 2/2 Positive, Trace Negative Yes Preterm labor 
RP 
5 S. agalactiae Heavy 1/2 Positive, ly Negative No Premature rupture of 
RP the membranes 
6 Fusobacterium sp. Rare 2/2 Positive, It Positive Yes Preterm labor 
RP 
7 Fusobacterium sp. Heavy 2/2 Positive, 2+ Positive Yes Preterm labor 
MDP 
8 a. Bacteroides sp.t Lizht 25/26 Positive, Trace Positive No Premature rupture of 
RP the membranes 
Ureaplasma urealy- — 
ticum 
b. U. urealyticum — 2/2 Negative, 2t Negative No — 
MNP 
c. U. urealyticum — 8/9 Negative, 2 Negative No — 
MNP 
9 Candida albicans Rare 2/4 Positive, 2t Positive Yes Preterm labor 
RP 
10 Fusobacterium sp. Heavy 5/6 Positive, at Negative Yes Preterm labor 
RP 
U. urealyticum — 
lI U. urealyticum — 5/6 Negative, Trace Negative No Preterm labor 
7 RP 
12 Fusobacterium sp. Light 717 Positive, ly Positive Yes Preterm labor 


RP 


NP, No white blood cells per oil field: RP, 1-5 white blood cells FP, 6-10 white blood cells MDP, 11-20 white blood cells MNP, 
>20 white blood cells; NA, not available. 


*The two numbers represent duplicate glucose values from a single specimen. The mean of the two values was used for data 


analysis. 


tClinical chorioamnionitis within 24 hours of amniocentesis. 
Serial taps in a single patient; after :nitial positive Gram stain, patients were treated with antibictics. 


§Twin gestation, both sacs tapped. 


Receiving antibiotics. 


time of initial amniocentesis was 


20 weeks (SD 3.16, 


range 23 to 34) in preterm premature rupture of the 
membranes patients and 30.4 weeks (SD 3.86, range 
20 to 36) in preterm labor patients. The amniotic fluid 
culture was positive in 12 (41%) of 29 preterm pre- 
mature rupture of the membranes patients and 12 
(11.2%) of 107 preterm labor patients. 

Table II displays the results of rapid diagnostic tests 
for microbial invasion of the amniozic cavity in patients 
with a positive amniotic fluid culture. The most fre- 
quently isolated organism was Ureaplasma urealyticum, 
‘followed by Fusobacterium spp. and Streptococcus agalac- 
tiae. Polymicrobial infection occurred in 6 (24%) of 25 
amniotic fluid specimens from 24 patients (one patient 
with twins). Clinical chorioamnion:tis within 24 hours 
of amniocentesis develaped in 19 (13.9%) of 136 pa- 
tients: 11 (10%) of 107 preterm labor patients and 8 


(27.5%) of 29 preterm premature rupture of the mem- 
branes patients; however, within 24 hours of amnio- 
centesis clinical chorioamnioritis developed in 1] (46%) 
of 24 patients with positive cultures. 

Oné patient was of particular interest. The initial 
amniocentesis of patient 8 (Table II) revealed gram- 
negative rods with rare polymorphonuclear leukocytes 
on Gram stain, trace leukocyte esterase, normal am- 
nioti¢ fluid glucose, and a positive Limulus amebocyte 
lysate assay for endotoxin. There was no clinical evi- 
dence of infection. She was treated aggressively with 
intravenous broad-spectrum antibiotics. Mild contrac- 
tions subsided with a single dose of subcutaneous ter- 
butaline. Amniotic fluid culture grew Bacteroides spp. 
and U. urealyticum. At 36 hours repeat tap was positive 
(2+) for leukocyte esterase; Gram stain revealed many 
polymorphonuclear leukocytes but no bacteria; Limulus 
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Limulus 






white blood amebocyte 
Patient cells on | Leukocyte | lysate Clinical Indication for 
No. Organism Gram stain | esterase assay infection? amniocentesis 





















13 Viridans group strep- Heavy 8/8 Positive, Negative Positive Yes Premature rupture of 
tococci RP the membranes 
14 Aerococcus sp. — 9/9 Negative, Negative Negative No Preterm labor 
RP 
15 a. Mycoplasma — 10/10 Negative, Trace Negative No Preterm labor 
hominis§ RP 
U. urealyticum — 
16 b. M. hominis$ — 15/15 Negative, Trace Negative No Preterm labor 
NP 
U. urealyticum — 
17 Haemophilus influenzae Heavy 14/15 Positive, Trace Positive No Premature rupture of 
FP the membranes 
18 U. urealyticum — 17/17 Negative, Trace Negative No Premature rupture of 
NP the membranes 
19 M. hominis — 18/19 Negative, Negative Negative No Preterm labor 
RP 
U. urealyticum — 
20 Fusobacterium sp. Heavy 30/31 Positive, Trace Negative No Premature rupture of 
RP the membranes 
21 U. urealyticum — 31/31 Negative, Trace Negative No Premature rupture of 
NP the membranes 
22 C. albicans Heavy 25/28 Negative, Negative Negative No Premature rupture of 
RP the membranes 
Lactobacillus Heavy 
Staphylococcus aureus Rare | 
23 Citrobacter sp. Rare 35/36 Negative, Negative Negative Yes Premature rupture of 
NP the membranes 
24 U. urealyticum — 37/39 Negative, 2f Negative No Premature rupture of 
RP the membranes 
25 U. urealyticum|| — 42/43 Negative, Negative Negative No Premature rupture of 
RP 


the membranes 


amebocyte lysate assay was negative, but the amniotic 
fluid glucose level had decreased to 2 mg/dl. Culture 
was positive only for U. urealyticum. Antibiotics were 
continued for 7 days. Forty-eight hours after antibiotics 
were discontinued, a third amniocentesis was per- 
formed. Gram stain was again negative for bacteria but 
revealed many polymorphonuclear leukocytes, a 2* 
leukocyte esterase'test result, and an amniotic fluid glu- 
cose level of 9 mg/dl. Culture was again positive for U. 
urealyticum. The patient refused further antibiotics and 
2 weeks later underwent spontaneous labor. The pla- 
cental culture was positive for Ureaplasma spp. but 
showed no histopathologic evidence of infection. There 
were no signs of neonatal sepsis. 

Diagnostic indices of the Gram stain, leukocyte es- 
terase, Limulus amebocyte lysate assay, and glucose level 
for clinical infection within 24 hours of amniocentesis 
and a positive amniotic fluid culture are given in Tables 
III and IV. 

Mean and median glucose concentrations were sig- 
nificantly lower in preterm labor patients with a positive 
culture or subsequent clinical infection and in preterm 
premature rupture of the membranes patients who had 
clinical infection within 24 hours. These results are dis- 


z 4 


played in Table V. The development of clinical infec- 
tion was more common in patients with an amniotic 
fuid glucose <10 mg/dl and a positive amniotic fluid 
culture than in those patients with only a positive cul- 
ture (p = 0.004, Fisher exact test). Indeed,-clinical in- 
fection developed within 24 hours in only one patient 
with a positive amniotic fluid culture and an amniotic 
fluid glucose >10 gm/dl. | 
Receiver-operator characteristic curves for a given 
glucose concentration alone or in combination with an- 
other positive rapid test in preterm labor and preterm 
premature rupture of the membranes patients for ei- 
ther clinical infection within 24 hours of amniocentesis 
or a positive amniotic fluid culture are displayed in Figs. 
l through 4. Not surprisingly, receiver-operator char- 
acteristic curve analysis demonstrates that there is an 
inverse relationship between sensitivity and specificity; 
that is, several of the rapid tests we analyzed lose sub- 
stantial positive predictive value as sensitivity is in- 
creased by altering our threshold for detection of in- 
traamniotic infection. Fig. 2 shows that the diagnostic 
performance of amniotic fluid glucose determination 
in the detection of microbial invasion of the amniotic 
cavity is different in patients with intact membranes 


r 
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Table III. Diagnostic indexes for a positive amniotic fluid culture or clinical infection within 24 hours of 


amniocentesis in patients with preterm labor 


a : Positive predictive 
Sensitivity (%) Specificity (%) ‘value (%) 


Glucose level 85 i 90 
=10 
mg/dl 

Glucose level 92 90 75 
15 
mg/dl . 

Positive Gram 61 63 — 96 
stain 

Leukocyte 50 54 "92 
esterase 

Limulus amebo- 38 45 93 
cyte lysate as- 
say . 

Glucose level 92 90 73 
=15 mg/dl 
or positive ; 

Gram stain | 

Glucose level 61 54 . 96 
=15 mg/dl E 
and positive 
Gram stain 


' Positive Clinical Positive 
culture infection culture 
90 


Negative predictive 
value (%) 


Clinical Positive Clinical Positive Clinical 
infection culture infection culture infection 
88 57 AT 97 98 
75 36 27 98 98 
96 12 70 94 95 
92 46 46 93 94 
93 50 50 89 92 
75 32 29 98 98 
96 72 66 94 94 


Table IV. Diagnostic indexes for a positive amniotic fluid culture or clinical infection within 24 hours of 
amniocentesis in patients with preterm premature rupture of the membranes 





Glucose level =10 95 87 64 


mg/dl 
Glucose level =15 33 87 58 
mg/dl . 
Positive Gram 50 50 82 
stain 
Leukocyte esterase 25 37 4] 
Limulus amebocyte 25 25 94 


lysate assay 


and patients with preterm premature rupture of the 
membranes. For this reason and also because the prev- 
alence of microbial invasion of the amniotic cavity and 
clinical chorioamnionitis is differer.t in these two pop- 
ulations, the diagnostic indexes of z given glucose level 
with another positive test are displayed separately in 
these populations (Figs. 3 and 4). | 
Fifteen patients (rine preterm lator, six preterm pre- 
mature rupture of the membranes) had an amniotic 
fluid glucose level <10 mg/dl with a negative amniotic 
fluid culture. Table VI displays clinical data and results 
of other diagnostic tests in these patients. Thirteen of 
these 15 patients were delivered of preterm infants. The 
remaining two patients, 11 and 14, had no clinical or 
laboratory evidence of infection at the time of amnio- 
centesis. Patient 8 had a trisomic fetus and polyhydram- 


l i Positive predictive 
Sensitivite (%) Specificity (%) value (%) 
Pasitive Clinical Positive 
culture infection culture 


















Negative predictive 
value (%) 
Clinical Positive .| Clinical Positive Clinical 
infection culture infection culture infection 
90 33 77 55 95 
80 36 63 55 94 
76 66 44 70 80 
52 23 -R9 43 68 
90 75 50 64 76 


nios. Patient 3 had alcoholic hepatitis and cirrhosis with 
episodes of maternal hypoglycemia. Of the remaining 
11 patients, 10 had other clinical or laboratory evidence 
of infection in spite of negative amniotic fluid cultures. 

Our data indicate that there is a relationship between 
amniotic fluid glucose concentrations and the semi- 
quantitative amniotic fluid white blood cell count. In- 
deed, patients with many or moderate white blood cells ` 
in the Gram stain of amniotic fluid had amniotic fluid 
glucose levels <10 mg/dl more frequently than did 
patients with few, rare, or no white blood cells in the 
Gram: stain (7/32 vs 1/104, p = 0.00015). 

There were five false-positive Gram stains. Of three 
preterm labor patients with false-positive Gram stains 
for a positive amniotic fluid culture, two patients dem- 
onstrated rare gram-positive cocci with no white blood 
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Fig. 1. Receiver-operator characteristic curve of amniotic fluid glucose concentrations and other 
rapid tests in the prediction of either a positive amniotic fluid culture or development of clinical 
infection within 24 hours in patients with either preterm premature rupture of the membranes 
alone or preterm labor. Numbers on amniotic fluid glucose curve indicate glucose concentration 
(milligrams per deciliter) of adjacent point. Triangle, Positive Gram stain; diamond, positive leukocyte 
esterase; X, positive Limulus amebocyte lysate assay; Une with circles, amniotic fluid glucose level 


curve. 


cells on Gram stain, negative leukocyte esterase, neg- 
ative Limulus amebocyte lysate assay, and glucose levels 
of 38 mg/dl and 24 mg/dl. Both patients were suc- 
cessfully tocolysed and developed no clinical signs of 
infection. Antibiotics were discontinued when amniotic 
fluid culture returned as negative at 48 hours. The 
third patient had recently been treated with antibiotics 
for presumed pyelonephritis (Table VI). Gram stain 
revealed few gram-positive rods and rare white blood 
cells. The amniotic fluid glucose level was 5 mg/dl. 
Clinical criteria for chorioamnionitis were present 
within 24 hours. Placenta pathologic samples revealed 
acute chorioamnionitis. Of two false-positive Gram 
stains for a positive amniotic fluid culture in patients 
with preterm premature rupture of the membranes, 
both had decreased amniotic fluid glucose levels (1 and 
8 mg/dl), clinical chorioamnionitis within 24 hours, and 
histologic evidence of acute chorioamnionitis on patho- 
logic examination of the placenta. 

The Limulus amebocyte lysate assay was positive in 
four preterm premature rupture of the membranes 
amniotic fluid specimens, three of which had positive 


amniotic fluid cultures and all of which had positive 
Gram stains. Three of these patients had a glucose level 
=15 mg/dl. The fourth patient was patient 8 (Table 
II), in whom amniotic fluid glucose decreased from 25 
mg/dl to 2 mg/dl over a 32-hour period. 

Two neonates had positive urine latex agglutination 
tests for S. agalactiae. Both were born to mothers with 
preterm premature rupture of the membranes and 
positive amniotic fluid cultures for S. agalactiae and pos- 
itive Gram stains revealing heavy Gram-positive cocci 
with rare to few white blood cells. Both received intra- 
partum antibiotics after the Gram stain report. In the 
first case amniotic fluid glucose concentration was 0 
mg/dl, leukocyte esterase was 1*, the Limulus amebo- 
cyte lysate assay was negative, and clinical chorioam- 
nionitis developed within 48 hours. The second patient 
was delivered 15 hours after the amniocentesis but clin- 


.’ ical chorioamnionitis never developed, although pla- 
œ centa] pathologic examination revealed acute cho- 


rioamnionitis. Amniotic fluid glucose in this instance 
was | mg/dl, leukocyte esterase was 1*, and the Limulus 


-amebocyvte lysate assay was negative. 
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Table V. Mean and median amniotic fluid glucose concentrations in patients with intraamniotic infections 


Premature rupture of the membranes (n = 29) 


Positive amniotic 


Negative amniotic 





Preterm labor (n = 107) 





Positive amniotic | Negative amniotic 


fluid culture fluid cuiture fluid culture. fluid culture 
Glucose level (n = 17) p Value (n = 13*) {n = 95) p Value 
Mean + SD 99.5 + 14.2 20.8 + 15.6 p=0.76 635 + 5.47 30.2 + 17.2 p < 0.0001 
Median 26 19.5 5.5 29.0 
Range 0-42.5 l-51 1.5-18.5 1-81 


*Includes both amniotic sacs of a multiple gestation. 


Table VI. Clinical data and results of diagnostic tests in patients with negative amniotic fluid cultures and 
amniotic fluid glucose level =10 mg/dl 















Limulus 









Amniotic fluid Organisms, amebocyte 
Patient glucose level white blood cells Leukocyte lysate Histologic 
No. (mg/ di)* on Gram stain esterase assay chorioamnionitis Clinical infection 


























I 0/2 Negative, MNP 2+ Negative Yes Yes 
2 IZI Positive, FP Negative Positive Yes Yes 
3 1/] Negative, NP 2t Negative NA No 
4 1/2 Negative, MNP 2t Negative Yes Yes 
5 2/3 Negative, FP Trace Negative Yes Yes 
6 3/4 Negative, RP Negative Negative Yes Yes 
7 4/5 Negative, RP iF Negative NA No 
8 4/5 Negative, NP Negative Negative No No 
9 5/5 Positive, RP Trace Negative Yes Yes 
10 5/6 Negative, MDP Negative Negative Yes No 
1] 7/8 Negative, NP Negative Positive NA No 
12 8/8 Positive, RP lt Negative Yes Yes 
13 8/9 Negative, NP Trace Negative NA Yes 
14 9/9 Negative, NP Negative Positive NA No 
15 9/9 Negative, RP Negative Negative NA Yes 













NP, No white blood cells; per oil field; RP, 1-5 white blood cells FP, 6-10 white blood cells; MDP, 11-20 white blood cells; MNP, 
>20 white blood cells; NA, not available; PROM, premature rupture of the membranes; PTL, preterm labor. 


+The two numbers represent duplicate glucose values from a single specimen. The mean of the two values was used for data 


analysis. 


Comment 


The rapid diagnosis of intraamniotic infection is 
problematic. To allow the opportunity for intervention, 
a test should detect infection before it is clinically ap- 
parent. Indeed, if a condition can be diagnosed clini- 
cally, further testing is redundant. The test should be 
rapid, inexpensive, and capable of being performed in 
a hospital at any time of the day. The ultimate value 
of a test, however, will be whether or not it is efficient 
enough to warrant the risks of intervention. Clearly, an 
intervention of delivery in a 26-week gestation will have 
very different consequences than intervention at 35 
weeks. Ideally, the test would be 100% sensitive with a 
negligible false-positive rate. Because such a test is not 
currently available, it must be acknowledged that any 
optimal testing scheme will be influenced by gesta- 
tional age and the course of action (1.e., antibiotics or 
delivery). 

A low amniotic fluid glucose level has been found to 
have comparable or greater efficiency than the Gram 


stain for the detection of intraamniotic infection. Using 
a cutoff of 14 mg/dl and a positive amniotic fluid cul- 
ture as the outcome variable, Romero et al.” found a 
sensitivity of 87% compared with 65% for the Gram 
stain. Using a cutoff of <10 mg/d! and a positive am- 
niotic fluid culture combined with histologic chorioam- 
nionitis as the outcome variable, Kirshon et al." re- 
ported a sensitivity of 100% compared with 66% for 
the Gram stain. Likewise, our data demonstrate that 
amniotic fluid glucose concentration is significantly de- 
creased in preterm labor patients with intraamniotic 
infection (whether defined by a positive amniotic fluid 
culture or clinical infection) and in patients with pre- 
term premature rupture of the membranes who de- 
veloped clinical infection. The precise mechanism of 
this decrease in amniotic and other body fluids is un- 
clear but probably involves glucose metabolism by both 
microorganisms and polymorphonuclear leukocytes 
analogous to the presumed pathogenesis of the de- 
creased cerebrospinal fluid glucose level in central ner- 
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infection 







Clinical infection 





p Value 


8.3 + 12.15 25.9 + 13.34 p = 0.0025 
5.25 26.5 
0.-37 1.5-51 
Amniocentesis to 
Indication for delivery interval 

amniocentesis (hr) 
PROM 6 

PROM 29 

Fit, 56 

PEL: 8 

PROM 2 

PROM 53 

PTL 23 

PTL 48 

PTL 4 

PTL 120 

PTL 496 

PROM 19 

PTL 2 

PTL 672 

PROM 32 


vous system infection. ® Our data support this model. 
First, patients with many or moderate polymorpho- 
nuclear leukocytes noted on Gram stain were more 
likely to have an amniotic fuid glucose level <10 


mg/dl than were those with few polymorphonuclear 


leukocytes. Second, assuming that clinical infection rep- 
resents a continuum of a progressive inflammatory re- 
sponse triggered by proliferating bacteria, it is logical 
that more advanced disease (i.e., clinical infection as 
opposed to asymptomatic patients with positive amni- 
otic fluid cultures) would be characterized by more 
drastic reductions in glucose concentration. This may 
well explain the more marked decrease and greater 
prevalence of low glucose concentration found in pa- 
tients destined to have clinical infection than in those 
with positive cultures. Patient 8 (Table I) is a case in 
point. Amniotic fluid glucose level was initially normal 
in spite of a positive Gram stain and Limulus amebocyte 
lysate assay. A decrease in glucose level corresponded 
to an increase in polymorphonuclear leukocytes as re- 
flected by the Gram stain and the appearance of leu- 
kocyte esterase. Clinical infection was probably arrested 
by successful and aggressive antibiotic therapy against 


Clinical infection 
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No clinical 
infection 


{n = 96) 







(n = LI) 


58l £9.15 32.05 + 17.9 p < 0.0001 
2.0 30.0 
0.5-32.5 1-81] 


Comment 


Oral antibiotic 


Hepatitis, cirrhosis 


Polyhydramnios, trisomy 
Abruptio placentae, oral antibiotic 


—_— 


Placental culture grew heavy £. coli 
Recurrent preterm labor 


the most virulent organism, suggesting that early di- 
agnosis offers the opportunity to prolong gestation. 
In patients with preterm premature rupture of the 
membranes who had positive cultures, glucose levels 
did not significantly decrease. There are several plau- 
sible explanations. Our sample size (n = 29) may have 
been too small to detect a difference. Positive cultures 
may have been detected before there was a significant 
polymorphonuclear response, that is, very early in the 
inflammatory continuum and before significant glucose 
metabolism. Finally, glucose metabolism may be some- 
what microorganism dependent. Viral meningitis, for 
example, is not associated with decreased cerebrospinal 
fluid glucose levels.® In our patients microorganisms 
traditionally presumed to be virulent, such as S. aga- 
lactiae, were associated with very low glucose levels (me- 
dian 1.5 mg/dl), in contrast to U. urealyticum (median 
16 mg/dl). In patients with preterm premature rupture 
of the membranes 7 (50%) of 14 amniotic fluid cultures 
were positive for U. urealylicum, an uncommon neonatal 
pathogen but common cervical isolate that is not de- 
tectable by Gram stain. Amniotic fluid white blood cell 
counts with differential in conjunction with amniotic 
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Fig. 2. Receiver-operator characteristic curves of amniotic fluid glucose concentrations in the pre- 
diction of either a positive amniotic fluid culture or development of clinical infection within 24 hours 
for preterm labor only, preterm premature rupture of membranes only, and the combined series 
(either preterm labor or preterm premature rupture of the membranes). Numbers on amniotic fluid 
glucose curves indicate glucose concentration (milligrams per deciliter) of adjacent point. Line with 
X, Preterm labor; line with triangles, preterm premature rupture of membranes; line with circles, 


combined series. 
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fluid glucose concentration and quantitative microbi- 
ologic examination may help clarify the relationship 
between these entities. 

The false-positive low glucose levels warrant empha- 
sis. Eleven of 15 patients with false-positive glucose 
(threshold <10 mg/dl) had other evidence of infection, 
suggesting false-negative cultures possibly caused by 
particularly fastidious microorganisms, very small in- 
oculum size, or faulty laboratory technique. Two pa- 
tients had a positive Limulus amebocyte lysate assay and 





Fig. 3. Receiver-operator characteristic curves for amniotic 
fluid glucose concentrations alone and in combination with 
another rapid test for prediction of either a positive amniotic 
fluid culture or development of clinical infection within 24 
hours for preterm labor patients only. Numbers on amniotic 
fluid glucose curves indicate glucose concentration (milligrams 
per deciliter) of adjacent point. Circled symbols, rapid test alone; 
line with triangles, amniotic fluid glucose level and positive 
Gram’s stain; line with diamonds, amniotic fluid glucose level 
and positive leukocyte esterase; line with X, amniotic fuid glu- 
cose level and positive Limulus amebocyte lysate assay; line with 
circle, amniotic fluid glucose level alone. 
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Fig. 4. Receiver-operator characteristic curves for amniotic fluid glucose concentrations alone and 
in combination with another rapid test for prediction of either a positive amniotic fluid culture or 
development of clinical infection within 24 hours for preterm premature rupture of membranes 
patients only. Circled symbols indicate rapid test alone. Numbers on amniotic fluid glucose level 
curves indicate glucose concentration (milligrams per deciliter) of adjacent point. Line with triangles, 
Amniotic fluid glucose, and positive Gram’s stain; line with diamonds, amniotic fluid glucose level and 
positive leukocyte esterase; line with X, amniotic fluid glucose, and positive Limulus amebocyte lysate 
assay; line with circles, amniotic fluid glucose level alone. l 


delivered at term with no other symptoms of infection. 
Although meticulous sterile technique was used, be- 
cause both glucose analysis and Limulus amebocyte ly- 


sate assay for endotoxin were carried out on thawed | 


specimens, it is conceivable that bacterial contamination 
of the fluid occurred after retrieval. Patient 3 had al- 
coholic hepatitis and cirrhosis with episodes of maternal 
hypoglycemia. Because no concurrent maternal serum 
glucose was available, it is conceivable that a low glucose 
level reflected maternal hypoglycemia. Maternal serum 
glucose levels taken at the same time as amniotic fluid 
glucose levels may help clarify such cases, although Kir- 
shon et al.'° did not find a difference in maternal serum 
glucose between patients with intraamniotic infection 
and patients without. Finally, the low glucose level in 
patient 8, who had a trisomy fetus and polyhydramnios, 
may have represented a dilutional effect. 

Although leukocyte esterase has been regarded as a 


sensitive test for intraamniotic infection, we did not find 
it useful. Clinical chorioamnionitis at the time of testing 
was the outcome variable in a previous study,® and this 
may partially explain the discrepancy between our re- 
sults and those of other investigators. Leukocyte ester- 
ase, a product of polymorphonuclear leukocytes, may 
be a marker of advanced infection and as such is not 
useful. Likewise, our data do not support the routine 
use of the Limulus amebocyte lysate assay, as many in- 
traamniotic infections cannot be attributed to Gram- 
negative or endotoxin-producing organisms and thus 
may go undetected. 

An optimal testing scheme must consider the con- 
sequences of a false-positive result. Should the treat- 
ment of a positive test result be delivery rather than 
antibiotics, gestational age becomes a critical issue. 
Thus appropriate testing at very early gestational ages 
might include two positive test results (i.e., positive 
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Gram’s stain and a low glucose level) or a lower glucose 
level (i.e., 2 mg/dl rather than 15 mg/dl). On the other 
hand, in more advanced gestations, when the risk of 
prematurity lessens, not missing an infection (maxi- 
mizing sensitivity) may be more important than being 
right all the time (tolerating a higher false-positive rate). 
Receiver-operator characteristic curves may serve as a 
guide for the clinician to select the appropriate testing 
scheme. 

In conclusion, our data support the initial screen for 
infection with either a glucose concentration or Gram 
stain. Availability and reliability of these tests may vary 
with institution. The precise glucose level and the need 
for a confirming alternative test will be determined by 
the clinicians’ tolerance of a given false- -positive rate. 


We thank Alfred Khoury, MD, and Jean Marie Lien, 
MD, for assistance in patient recruitment and amniotic 
fluid collection; Nancy Norris and Barbara Smith for 
conduction of glucose analysis; and Peter S. Kapernick, 
MD, MPH, for assistance with statistical analysis. 


REFERENCES 


l. Naeye RL, Peters EC. Causes and consequences of pre- 
mature rupture of fetal membranes. Lancet 1980; 
1:192-4. 

2. Minkoff H. Prematurity: infection as an etiologic factor. 
Obstet Gynecol 1983;62:137-44. 

3. Romero R, Mazor M. Infection and preterm labor. Clin 
Obstet Gynecol 1988;31:553-84., 

4. Leigh J, Garite TJ. Amniocentesis and the management 
of preterm labor. Obstet Gynecol 1986;67:500-6. 

5. Duff P, Kopelman JN. Subclinical intraamniotic infection 
in asymptomatic patients with preterm labor. Obstet Gy- 
necol 1987;69:756-9. 

6. Romero R, Quintero R, Oyarzun E, et al. A 
infection and the onset of labor in preterm premature 
rupture of the membranes. AM J OBSTET GYNECOL 

* 1988;159:661-6. 

7. Egley CC, Katz VL, Herbert WNP. Leukocyte esterase: a 
simple bedside test for the detection of bacterial coloni- 
zation of amniotic fluid. AM J OBSTET GYNECOL 
1988; 159:120-2. 


10. 


Lt 


12. 


13. 


14, 


15. 


16. 


18. 


19, 


20. 


November 1992 
Am J Obstet Gynecol 


. Hoskins IA, Johnson TRB, Winkel CA. Leukocyte ester- 


ase activity in human amniotic fluid for the rapid detection 
of chorioamnionitis. AM J OBSTET GYNECOL 1987; 
157:730-2. 


. Romero R, Emamian M, Wen M, et al. The value of the 


leukocyte esterase test in diagnosing intra-amniotic infec- 
tion. Am J Perinatol 1988;5:64-9. 

Hoskins IA, Katz J, Ordorica SA, Young BK. Esterase 
activity in second- and third-trimester amniotic fluid: an 
indicator of chorioamnionitis. AM J OBSTET GYNECOL 
1989;161:1543-5. 

Miller ]M Jr, Hill GB, Welt SI, et al. Bacterial colonization 
of amniotic fluid in the presence of ruptured membranes. 
AM J OBSTET GYNECOL 1980;137:451-8. 

Garite TJ, Freeman RK, Linzey EM, et al. The use of 
amniocentesis in patients with premature rupture of the 
membranes. Obstet Gynecol 1979;54:226-30. 

Romero R, Emamian M, Quintero R, et al. The value and 
limitations of the Gram stain examination in the diagnosis 
of intraamniotic infection. AM J OBSTET GYNECOL 
1988; 159:114-9. l 

Romero R, Kadar N, Hobbins J, et al. Infection and labor: 
the detection of endotoxin in amniotic fluid. AM J OBSTET 
GYNECOL 1987;157:815-9. 

Romero R, Jimenez C, Lohda A, et al. Amniotic fluid 
glucose concentration: a rapid and simple method for the 
detection of intraamniotic infection in preterm labor. AM 
J OBSTET GYNECOL 1990; 163:968-74. 

Kirshon B, Rosenfeld B, Mari G, et al. Amniotic fluid 
glucose and intraamniotic mfection. AM J OBSTET Gy- 


. NECOL 1991;164:818-20. 
17. 


Gauthier DW, Meyer WJ, Bieniarz A. Correlation of am- 
niotic fluid glucose concentration and intraamniotic in- 
fection in patients with preterm labor or premature rup- 
ture of membranes. Am’ J OBSTET GYNECOL 
1991;165:1105-10. 

Kiltz RJ, Burke MS, Porreco RP. Amniotic fluid glucose 
as a marker for intra-amniotic infection. Obstet Gynecol 
1991;78:619-22. 

Petersdorf RG, Swarner DR. Garcia M, Synergistic action 
of pneumococci and leukocytes in lowering cerebrospinal 
glucose. Proc Soc Exp Biol Med 1960;103:380-2. 

Harter D, Petersdorf.R. Volume 11: Viral diseases of the 
central nervous system. In: Braunwald E, Isselbacher K, 
Petersdorf R, Wilson J, Martin J, Fauci A, eds. Harrison’s 
principles of internal medicme. New York: McGraw-Hill, 
1987:1987-95- 


Does DeLee suction at the perineum prevent meconium 


aspiration syndrome? 


Horacio S. Falciglia, MD,’ Colleen Henderschott, MD, Phillip Potter, MD, and 


Rick Helmchen, BS* 


Cincinnati, Ohio 


OBJECTIVE: We attempted to determine the impact of “early” (before delivery of the chest) 
oronasopharyngeal DeLee suctioning at the perineum in the prevention of meconium aspiration syndrome 
and to confirm that meconium aspiration syndrome is a postnatal event. 

STUDY DESIGN: We compared infants with meconium-stained fluid who underwent “early” 
oronasopharyngeal DeLee suctioning with a similar group of infants whose airways were suctioned “late” 
(after chest delivery). Practicing obstetricians did not know the study was being conducted by the pediatric 
staff, and an independent observer documented whether obstetricians performed “early” or “late” 
oronasopharyngeal DeLee suctioning. Immediate postnatal tracheal suctioning was performed in both 
groups. The study was conducted in a private tertiary care center averaging 5800 deliveries annually. A 
consecutive sample of 438 infants with meconium-stained fluid was analyzed. Of these infants, 221 
received “early” oronasopharyngeal DeLee suctioning, while 217 infants were suctioned “late”. 

RESULTS: Of the 438 infants with meconium-stained fluid, meconium aspiration syndrome developed in 
38 (9%). These infants had higher rates of fetal distress (i.e., abnormal fetal heart rates),and lower Apgar 
scores (=6) than infants without meconium aspiration syndrome (58% vs 17% and 65% VS 13%, 
respectively; p < 0.001). Forty-five percent of the infants with meconium aspiration syndrome had renal 
failure during the first 20 hours of life, In spite of “early” oronasopharyngeal DeLee suctioning, 53% of the 
infants in this group had meconium below the vocal cords and meconium aspiration syndrome developed 
in 7%. The time of oronasopharyngeal DeLee suctioning did not. affect the rata of meconium aspiration 


syndrome or the presence of meconium below the vocal cords. 


CONCLUSIONS: We concluded that “early” oronasopharyngeal DeLee suctioning at the perineum does 
not affect the rate of meconium aspiration syndrome. We speculate that meconium aspiration syndrome is 
predominantly an intrauterine event associated with fetal distress and that meconium in the airways is 
merely a “marker” of previous fetal hypoxia. (Am J OBsTET GYNECOL 1992;167:1243-9.) 


Key words: DeLee and tracheal suctioning, meconium aspiration syndrome 


During the last few years, the obstetric and pediatric 
community has entertained the notion that meconium 
aspiration syndrome is preventable. This belief is based 
on the following assumptions: (1) that meconium as- 
piration syndrome is primarily a postnatal event and 
that intrauterine meconium aspiration syndrome is 
rare; (2) that oronasopharyngeal DeLee suctioning of 
meconium before delivery of the fetal chest, described 
by Carson et al.," prevents meconium from being drawn 
into the tracheobronchial tree during the first few 
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breaths; and (3} as claimed by Carson et al.,' that no 
deaths or severe cases of meconium aspiration syn- 
drome have occurred since the obstetric suctioning pro- 
cedure was instituted. 

We previously reported that the “timing” of obstetric 
oronasopharyngeal DeLee suctioning did not influence 
the presence of meconium below the vocal cords or the 
rate of meconium aspiration syndrome.’ That study 
prospectively analyzed the effect of DeLee and tracheal 
suctioning on the rate of meconium aspiration syn- 
drome. In a series of 755 infants with meconium- 
stained fluid born during 1983, the rate of meconium 
aspiration syndrome was 2%. At that time, DeLee and 
tracheal suctioning was practiced routinely. A compa- 
rable rate was found during a retrospective review of 
a similar group of 742 infants born in 1975 when DeLee 
and tracheal suctioning was not routine.’ In both in- 
stances suctioning did not prevent meconium aspira- 
tion syndrome or persistent pulmonary hypertension 
of the newborn. 

To determine the impact of routine oronasophar- 
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Table I. Reasons for “late” oronasopharyngeal 
DeLee suctioning 





Lack of obstetrician compliance 158 73 
with suction protocol 
Miscellaneous reasons 
Cord around the neck 3 
Breech presentation 
Midforceps delivery 
Precipitate delivery 
Shoulder dystocia 
Fetal distress 
Placenta previa 
Prolapsed umbilical cord 


Pat 


rod wat ND OO ST 10 © 
or on 


yngeal DeLee suctioning at the perineum in vaginal 
deliveries or after incision in cesarean births, we tested 
the following ‘hypotheses: (1) Deep and complete suc- 
tioning of the oronasopharynx before delivery of the 
chest (“early” suction) will eliminate meconium from 
below the vocal cords; (2) the rate of meconium below 
the vocal cords will be higher when oronasopharyngeal 
DeLee suctioning is performed after chest delivery 
(“late” suction); (3) “early” oronasopharyngeal DeLee 
suctioning will reduce the rate of meconium aspiration 
syndrome when compared with that of “late” orona- 
sopharyngeal DeLee suctioning; (4) if meconium as- 
piration syndrome develops during the first few 
breaths, the rate of meconium aspiration syndrome in 
the “early” oronasopharvngeal DeL2e suctioning group 
will be lower than in the “late” oronasopharyngeal 
DeLee suctioning group. 


Methods 


The oronasopharyngeal DeLee suctioning protocol 
approved by our Department of Obstetrics and Gy- 
necology suggested that oronasopharyngeal DeLee suc- 
tioning be performed in cases of meconium-stained 
fluid before delivery of the thorax. All patients in this 
study were delivered at' the Periratal Center of the 
Good Samaritan Hospital (a designated level III center 
with 5800 births annually). The patient population cov- 
ered a broad socioeconomic range and consisted of 20% 
“service” and 80% “private” patients. 

Deliveries were managed by attending or resident 
obstetricians. Immediate newborn care in all cases of 
meconium-stained fluid was given by a neonatologist 
or a pediatric resident experiencd with endotracheal 
intubation. Stillbirths and premature infants <37 
weeks’ gestational age were excluded. . 

Diligent suction of the oronasopharynx was per- 
formed with a DeLee trap connected to either a Krie- 
selman or a Boring suction apparatus (vacuum pressure 
was — 120 mm Hg). This procedure began immediately 
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on delivery of the head and before delivery of the tho- 
rax according to the method described by Carson et 
al." Once the oropharynx and nasopharynx (in .that 
order) were completely emptied of meconium, delivery 
of the shoulders and body was carried out in the 
usual manner. Immediate postnatal negative-pressure 
(mouth-to-tube) tracheal suctioning was performed by 
a neonatologist or a pediatric resident according to the 
method described by Gregory et al.* This study was 
conducted immediately before 1987, the year when 
mouth-to-tube suctioning was discontinued at our in- 
stitution. This technique should no longer be used be- 
cause it is considered unsafe for the pediatrician per- 
forming the intubation.* The procedure was repeated 
until the tracheal return was free of meconium. If the 
infants became bradycardiac during the intubation pro- 
cedure, suctioning was interrupted and bag-and-mask 
ventilation (fraction of inspired oxygen = 1.0) was 
given for several breaths until a heart rate >100 
beats/min was maintained, at which time the infants 
were reintubated. Infants with thin and thick meco- 
nium were treated similarly. 

Data collected during the 6-month study included 
the following: (1) frequency of meconium-stained fluid; 
(2) the “timing” of oronasopharyngeal DeLee suction- 
ing in. relation to delivery of the thorax (whether before 
or after); (3) the number of endotracheal intubations 
performed until the trachea was cleared of meconium; 
(4) perinatal factors, such as the frequency of fetal dis- 
tress, route of delivery, gestational age, etc.; (5) neo- 
natal morbidity; and (6) the incidence of meconium 
aspiration syndrome in both the “early” and “late” 
oronasopharyngeal DeLee suctioning groups. Infants 
were Categorized into “early” and “late” suction groups 
by an independent observer according to the technique 
used by the individual obstetrician delivering the baby. 
‘Table I shows the reasons for “late” oronasopharyngeal 
DeLee suctioning. Some obstetricians never performed 
“early” oronasopharyngeal DeLee suctioning and 
others always did. Other than the timing of suctioning, 
the technique of oronasopharyngeal DeLee suctioning 
was identical in both groups. Twenty-seven percent of 
the infants in the “late” oronasopharyngeal DeLee suc- 
tioning group were associated with obstetric problems 
(i.e., breech deliveries) tha: made “early” oronaso- 


_ pharyngeal DeLee suctioning difficult to perform. 


Diagnosis of meconium aspiration. syndrome was 
made in two groups of infents: (1) those with more 
than scant meconium in the trachea, subsequent 
respiratory distress, and a chest x-ray film consistent 
with meconium aspiration pneumonia and (2) those 
without meconium in the trachea, subsequent respi- 
ratory distress, and a chest x-ray film consistent with 
typical “patchy” areas of opacification or pulmonary air 
leak. 
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Table II. Rate of meconium aspiration syndrome in relation to time of oronasopharyngeal 
DeLee suctioning 







ir Early” 
suctioning 






Delivered with meconium-stained 221 50 217 50 438 100 NS 
fluid 

Postnatal tracheal suctioning 196 89 157 72 353 81 NS 

Meconium aspiration syndrome 23 10 15 7 38 9 NS 


NS, Not significant. 


Table III. Comparison of rate of meconium below vocal cords and meconium aspiration syndrome in 
relation to time of oronasopharyngeal DeLee suctioning 


“Early” suctioning (n = 221) 


With meconium 
aspiration syndrome 


“Late” suctioning (n = 217) 


Wilh mecontum 
aspiration syndrome 


Meconium below 117 53* 16 7 79 36 13 6 
cords 

No meconium below 79 36 7 3 78 36 2 ] 
cords 

No postnatal tra- 25 1] Q 0 60 28 0 0 


cheal suctioning 


*h < 0.01. 


Parametric statistical analysis of continuous variables 
used the Student two-sample ¢ test, whereas compari- 
sons of categoric variables used the Pearson x? test or 
the Fisher exact test. The two-tailed level of significance 
was set at p < 0.05, except where otherwise indicated. 


Results 


There were 2607 infants born during this study pe- 
riod; 438 (17%) infants had mecontum-stained fluid; 
meconium aspiration syndrome developed in 38 (9%) 
of this group, and none died. Of the 438 infants with 
meconium-stained fluid, 22] underwent “early” 
oronasopharyngeal DeLee suctioning, whereas 217 in- 
fants were suctioned “late”. In the “early” oronaso- 
pharyngeal DeLee suctioning group we were able to 
perform tracheal suctioning as planned in 89% of the 
infants, whereas 72% received tracheal suctioning in 
the “late” group. Meconium aspiration syndrome sub- 
sequently developed in 10% of the infants receiving 
“early” oronasopharyngeal DeLee suctioning and in 7% 
of the infants suctioned “late” (Table II). 

A comparison of the rate of meconium below the 
vocal cords in relation to the delivery of the chest re- 
vealed that 117 of 221 (53%) infants in the “early” 
oronasopharyngeal DeLee suctioning group had me- 
conium below the vocal cords, whereas 79 of 217 (36%) 
infants in the “late” oronasopharyngeal DeLee suction- 


ing group had meconium below the vocal cords. This 


‘was a Statistically significant difference (p < 0.01). 


Among infants with meconium below the vocal cords, 
meconium aspiration syndrome subsequently devel- 
oped in 16 (7%) of the infants with “early” oronaso- 
pharyngeal DeLee suctioning and 13 (6%) with “late” 
oronasopharyngeal DeLee suctioning (p > 0.05). None 
of the 85 infants without tracheal suctioning had me- 
conium aspiration syndrome. Their excellent condition 
at birth influenced the decision not to suction. These 
infants were excluded from the study (Table III). 

As expected, infants with meconium aspiration syn- 
drome had a higher rate of fetal distress (i.e., abnormal 
fetal heart rates) and lower Apgar scores (6) at I 
minute than infants without meconium aspiration syn- 
drome (58% vs 17% and 65% vs 13%, respectively; 
p < 0.001). When the “early” and “late” oronasophar- 
yngeal DeLee suctioning groups of meconium aspira- 
tion syndrome infants were compared, no differences 
were found in the rate of fetal distress, route of deliv- 
ery, number of endotracheal intubations, Apgar scores 
at 1 and 5 minutes, gestational age, or birth weight 
(Table 1V). Therefore the two groups were compara- 
ble. The majority of obstetricians who did not comply 
with the hospital’s suggested “early” oronasopharyn- 
geal DeLee suctioning protocol were those who usually 
did not attend the staff meetings of the Department of 


1246 Fatciglia et al. 


November 1992 
Am J Obstet Gynecol 


Table IV. Perinatal factors in relation to time of oronasopharyngeal DeLee suctioning in infants with 


“Early” suctioning “Late” suctioning 
: (n = 23) (n = 15) Significance 


meconium aspiration syndrome 


Fetal distress rate (%) 

Delivery by cesarean section (%) 
Endotracheal! intubations (No.) 

Apgar score =6 at | min (%) 

Dubowitz gestational age (wk, mear + 2 SD) 
Birth weight (gm, mean + SD) 


NS, Not significant. 


4023 
4262 + 654 


65 53 NS 
47 46 NS 
59 37 NS 
73 60 NS 

40 +2 NS 


3549 + 524 NS 


Table V. Morbidity in infants with meconium aspiration syndrome in relation to time of 


oronasopharyngeal DeLee suctioning 





Mechanical ventilation 
Oxygen therapy head hood 
>Q.6 


<0.6 
Pneumothorax and pneumomediastinum 
Persistent pulmonary hypertension 
Hypotension 
Renal failure (decreased urinary output plus 
creatinine >1.2 mg/dl) 


Obstetrics and Gynecology where such protocols are 
discussed. 

Of the 38 infants with meconium aspiration syn- 
drome, 3 in the “early” oronasopharyngeal DeLee suc- 
tioning group and 2 in the “late” cronasopharyngeal 
DeLee suctioning group required intermittent man- 
datory ventilation. Of the infants in the “early” 
oronasopharyngeal DeLee suctioning group, 70% 
(16/23) required oxygen therapy compared with 87% 
(13/15) in the “late” oronasopharyngeal DeLee suc- 
tioning group. In 35% (8/23) of the infants with me- 
conium aspiration syndrome in the “early” oronaso- 
pharyngeal DeLee suctioning group, “tension” pneu- 
mothoraces developed requiring chest tube drainage, 
whereas no infants in the “late” cronasopharyngeal 
DeLee suctioning group had a. pulmonary air leak. An 
unexpected finding in our study was that 45% (17/38) 
of the infants with meconium aspiration syndrome had 
severe acute renal failure with oliguria (<0.5 ml/kg per 
hour) and increased creatinine (>1.2 mg/dl) during 
the first 20 hours of life. Decreased urinary output in 
these infants responded to the administration of nor- 
mal saline solution, fluids, and furosemide (Table V). 


Comment 


The obstetric protocol chosen by our Department of 
Obstetrics and Gynecology was designed to prevent me- 
conium aspiration syndrome by recommending “early” 
oronasopharyngeal DeLee suctioning in all deliveries. 
If meconium aspiration syndrome were a postnatal 


“Early”-suctioning morbidity 


“Late”-suchoning morbidity 


(n = 23) (No.) (n = 15) (No.) 
3 2 
2 2 
14 11 
8 0 
j 0 
3 i 
1} 6 


event, as suggested by Carson et al.,’ infants in our 
study whose oronasopharynges were thoroughly suc- 
tioned before the first breath should not have had me- 
conium below the cords at the “first” endotracheal in- 
tubation. Gage et al.* demonstrated, in,an infant kitten 
model, that the DeLee suction catheter was more ef- 
fective than the bulb syringe; however, meconium may 
persist in the trachea for >20 minutes after aspiration. 
The presence of meconium below the cords increased 
the likelihcod of development of symptomatic meco- 
nium aspiration syndrome. Contrary to our first hy- 
pothesis, “early” oronasopharyngeal DeLee suctioning 
did nor eliminate the presence of meconium below the 
vocal cords. On comparison of the “early” and “late” 
oronasopharyngeal DeLee suctioning groups, a signif- 
icantly higher percentage (53%, p < 0.01) of infants 
with meconium-stained fluid had meconium below the 
vocal cords in spite of “early” oronasopharyngeal 
DeLee suctioning, which also contradicted our second 
hypothesis. 

The 9% rate of meconium aspiration syndrome in 
this study is higher than the 2% rate we reported in 
1975 and 1983 at this institution? but is similar to other 
reports. Along with the standard diagnostic criteria, 
infants with meconium aspiration syndrome also in- 
cluded those with no meconium below the vocal cords 
but with respiratory distress and a typical chest x-ray 
film indicative of meconium aspiration syndrome. This 
“subclinical” form of meconium aspiration syndrome 
could account for the relative increase in the rate of 
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Table VI. Selected literature regarding suction technique and meconium aspiration syndrome 






Meconium 
aspiration 
syndrome Deaths 








No. with 
meconium- 

stained Mecontum below 
fluid Suction technique 








Aspiration of upper and 57. 16 20 0 0 
lower airways as soon 
as possible 
Obstetric DeLee suction 0.7 l 0.4 0 0 
before delivery of 
shoulder; pediatri- 
cians intubate only if 
meconium-stained 
fluid at vocal cords 
Combined protocols of — - 30 2 12 40 


Gregory et al.’ 1974 88 


Carson et al.! 1976 273 


Davis et al.” 1985 1420 


Carson et al. and Gre- 


gory et al. 
Dooley et al.’ 1985 212 


Combined obstetric and 21 l l 0.4 l 0.4 


pediatric suctioning 


Falciglia? 1988 755 


Combined protocols of 
Carson et al. and Gre- 
gory et al.; controlled 
for time of suctioning 


37 Early DeLee 14 2 2 12 
suction 

36 Late DeLee 2 2 0 0 
suction 


in relation to delivery 


of chest 
Sadovsky et 1989 40 


Rossi et al.® 1989 254 


Combined protocols of 29 0 0 0 0 
al. Carson et al. and Gre- 
gory et al., along with 
amnioinfusion 


0 Amnioin- 0 0 0 0 
fusion and 
DeLee 
suction 


Combined protocols of 37 22 9 4 1.5 


Carson et al. and Gre- 
gory et al., along with 


chest compression 
Combined obstetric and 
pediatric suctioning; 
study) controlled for time of 
suctioning in relation 
to delivery of chest 


Falciglia et al. 1992 438 
(current 


meconium aspiration syndrome as compared with our 
previous report.’ Although infants were stratified ac- 
cording to the time of oronasopharyngeal DeLee suc- 
tioning, we could not ethically or medicolegally ran- 
domize infants to an “early” or “late” oronasopharyn- 
geal DeLee suctioning technique. However, other than 
the time of oronasopharyngeal DeLee suctioning, in- 
fants in both groups were similar when several perinatal 
factors were compared (Table IV). An increased rate 
of pneumothoraces was noted in the “early” oronaso- 
pharyngeal DeLee suctioning group; however, we 
could not determine whether this increase was related 
to the time and technique of oronasopharyngeal DeLee 
suctioning or the thickness of the meconium. This rate 
of pneumothoraces in the “early” oronasopharyngeal 
DeLee suctioning group (35%) is identical to the rate 
reported by us in infants with meconium aspiration 
syndrome in 1988.* It is possible that there was a ten- 
dency toward earlier and more aggressive suctioning 
by the obstetrician when the meconium-stained fluid 
was considered thick and particulate. Both ball-valve 
partial airway obstruction from meconium particles and 
Valsalva-induced maneuvers during vigorous suction- 


53 Early DeLee 23 10 0 0 
suction 

36 Late DeLee 15 7 - 0 0 
suction 


ing have been incriminated in the pathophysiologic 
characteristics of pneumothoraces in infants with me- 
conium aspiration syndrome.’ 

This study and our previously published reports on 
meconium aspiration syndrome?’ are the only prospec- 
tive studies to stratify infants by the time of suctioning 
in relation to delivery of the thorax (Table VI). Al- 
though Gregory et al.° did not control for the time of 
oronasopharyngeal DeLee suctioning, they found me- 
conium below the vocal cords in 57% of the infants 
studied. In 20% with meconium below the vocal cords, 
meconium aspiration syndrome developed. In our 
study meconium aspiration syndrome developed in 
15% of the infants with meconium below the vocal 
cords. 

Carson et al.' probably underestimated the rate of 
meconium below the vocal cords. Only a preselected 
group of infants with meconium-stained fluid who had 
meconium at the vocal cords during laryngoscopy were 
intubated. The rate of meconium aspiration syndrome 
reported in that study is the lowest in the country. Al- 
though no one has yet confirmed their work, the report 
has become a landmark document concerning the de- 
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velopment of meconium aspiration syndrome in in- 
fants. It has been referred to extensively by attorneys 
attempting to prove that inadequate suctioning by the 
obstetrician results in the development of meconium 
aspiration syndrome. This report has also made it im- 
possible for institutions to develov a prospective pro- 
tocol examining “early” versus “late” oronasopharyn- 
geal DeLee suctioning of meconium-stained fluid. 

Rossi et al.° also confirmed that current intervention 
of combined DeLee and tracheal suctioning is insuff- 
cient to eliminate meconium from below the vocal 
cords. They reported a 37% rate of meconium below 
the vocal cords after “early” oronasopharyngeal DeLee 
suctioning was performed according to the method de- 
scribed by Carson et al.‘ Among their 16 infants with 
meconium aspiration syndrome, four died as a result 
of severe meconium aspiration syndrome and persis- 
tent pulmonary hypertension in spite of “early” DeLee 
and tracheal suctioning. The reason for the failure to 
prevent meconium aspiration syndrome with orona- 
sopharyngeal DeLee suctioning may be found in animal 
research with kittens. Pfenninger et al., using orona- 
sopharyngeal suctioning, were able to retrieve only 56% 
of the aspirated material. 
| Dooley et al.” reported that meconium below the vo- 
cal cords correlated with intrapar-um events. When a 
rising baseline fetal heart rate and decreased variability 
were present, a significant proportion of infants (21%) 
had meconium below the vocal cords. In one case rou- 
tine obstetric and pediatric suctioning did not prevent 
a death that occurred from meconium aspiration syn- 
drome “in utero”. Sadovsky et al." demonstrated that 
the rate of meconium below the vocal cords was effec- 
tively reduced to 0% by the combination of amnioin- 
fusion during labor and “early” oronasopharyngeal 
DeLee suctioning. 

Our study could not confirm that meconium aspi- 
ration syndrome develops during the first few breaths, 
as suggested by Carson et al.' Contrary to our third 
hypothesis, “early” oronasopharyr.geal DeLee suction- 
ing did not reduce the rate of meconium aspiration 
syndrome. Meconium aspiration syndrome developed 
in 23 of 221 (10%) infants suctioned “early” whereas 
meconium aspiration syndrome developed in 7% of the 
“late” oronasopharyngeal DeLee suctioning group. 
Therefore meconium aspiration syndrome does not de- 
velop during the first few breaths and is an intrauterine 
event. The high rates of fetal distress, low Apgar scores 
at 1 minute, and renal failure in our infants with me- 
conium aspiration syndrome support the role of as- 
phyxia in the pathophysiologic features of “in utero” 
meconium aspiration. 

Several investigators using animals have reached sim- 
ilar conclusions. In one study in which fetal lambs were 
asphyxiated by umbilical cord occlusion, respiratory ef- 
forts greatly increased in strength and duration. As a 
result, a large volume (>10 ml) of amniotic fluid (with 
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or without meconium) was inhaled into the tracheo- 
bronchial tree." Fetal hypoxia and acidosis in babcons 
induced intrauterine gasping respirations sufficient to 
cause aspiration of meconium deep inito the smaller 
airways.'? In another study contrast material placed in 
the nasopharynx of fetal lambs with cord occlusion en- 
tered the trachea and remained there until the cord 


occlusion was removed. 


Fetal asphyxia causes passage of meconium, pul- 
monary vasoconstriction, and reduced pulmonary 
blood flow. In response to asphyxia and acidosis the 
human fetus initiates substantial respiratory efforts to 
open the laryngeal sphincter and consequently aspi- 
rates meconium into the trachea.’! With the reduction 
in the outflow of pulmonary fetal liquid as a secondary 
effect of reduced pulmonary blood flow, the self-cleans- 
ing action of the tracheobronchial tree is degraded and 
aspirated meconium remains in the trachea.'* Simul- 
taneously with pulmonary changes, asphyxia also 
causes hypotension and reduces the fetal glomerular 
filtration rate. Oliguria with transient renal failure is 
very common in both asphyxiated neonates and infants 
with meconium aspiration syndrome.” '® 

In conclusion, our findings suggest that meconium 
aspiration is primarily an intrauterine event, and we 
speculate that it develops shortly after the onset of as- 
phyxia and passage of meccnium. Gasping respiratory 
movements may continue to mobilize meconium be- 
yond the trachea and major airways after delivery of 
the infants. Meconium aspiration is an intrauterine 
event; therefore timing of oronasopharyngeal DeLee 
suctioning did not contribute to meconium aspiration 
syndrome in our population or change the rate of me- 
conium aspiration syndrome. However, oronasophar- 
yngeal DeLee suctioning before or after delivery of the 
chest, combined with immediate postnatal tracheal suc- 
tioning, did ameliorate the severity of meconium as- 
piration syndrome at our institution because no neo- 
natal deaths occured in our study group. We therefore 
support the continuation of this practice. We suggest a 
national collaborative effort in the prevention of me- 
conium aspiration syndrome, in which not only oro- 
nasopharyngeal DeLee suctioning but also tracheal suc- 
tioning is further evaluated in a prospective random- 
ized controlled manner. 


We thank the pediatric residents and the nurses of 
the Newborn Intensive Care Unit of Good Samaritan 
Hospital for their assistance in completion of this study. 
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Assessment of the renal circulation during pregnancy with 


color Doppler ultrasonography 


Stephen N. ‘Sturgiss, MD, Kevin Martin, 1 PhD, T. T. Anthony Whittingham, PhD,’ and 


John M. Davison, MD" 
Newcastle upon Tyne, England : 


OBJECTIVES: A non-invasive method of assessing the renal vasculature during pregnancy would be 
useful in the management of patients with renal dysfunction résulting from preeclampsia or chronic renal - 
disease. The objectives of this study were to determine (1) whether color ultrasonography during 
pregnancy facilitates Doppler interrogation of renal and intrarenal arteries, allowing (2) the assessment of 
differences between waveforms from nonpregnant and pregnant women and (3) the analysis of waveform 
variability throughout the kidney and between the right and lefi kidneys. 

STUDY DESIGN: In a cross-sectional study renal and intrarenal artery flow waveforms.were obtained from 
women in early (12 to 19 weeks; n = 8), mid (20 to 29 weeks; n = 11), and late (30 to 37 weeks; n = 14) 
pregnancy with eight. age-matched, nonpregnant women acting as controls. Waveforms were analyzed for 


pulsatility index, resistive index, and systolic/diastolic ratio. 


RESULTS: Left or right renal and upper- and lower-pole interlobar artery waveforms were obtained from 
all women. The mean pulsatility index values for the nonpregnant women were not significantly different 
from those of the women in early, mid, or late pregnancy. in the nonpregnant women, the left renal artery 
pulsatility index (1.13 + 0.13) was greater than the left lower interlobular artery pulsatility index 

(0.91 + 0.08; p < 0.05). During pregnancy renal and interlobar artery pulsatility index values were greater. 
than those for the corresponding interlobular arteries, but the differences were not significant. Mean renal 
and intrarenal artery pulsatility index values. were greater on the right, but the difference was significant 


only for the lower interlobular artery in midpregnancy. 


CONCLUSIONS: Pregnancy does not significantly affect renal and intrarenal artery flow waveforms, nor 
are there significant differences between waveforms from the renal and interlobar arteries. (AM J OBSTET 


GYNECOL 1992;167:1250-4.) 


Key words: Kidney, renal circulation, pregnancy, Doppler ultrasonography 


Normal pregnancy is associated with a substantial 
increment in renal blood flow as determined by infu- 
sion clearance of paraaminohippurate.' Unfortunately, 
measurement of infusion clearance of paraaminohip- 
purate is an invasive, time-consuming procedure not 
practicable for routine clinical use. Renal dysfunction 
during pregnancy, whether the result of chronic renal 
disease or pregnancy-induced hypertension, is associ- 
ated with a substantial decrement in renal blood flow’; 
a noninvasive method of serially assessing the renal 
vasculature during pregnancy may be useful in pre- 
dicting or quantifying renal deterioration and assessing 
response to treatment. | 

Doppler ultrasonography has been used to study re- 
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nal and intrarenal arteries in nonpregnant normal and 
diseased kidneys and has become an important tool for 
the early diagnosis of renal allograft rejection.2* With 
combined B-mode imaging and duplex Doppler velo- 
cimetry, renal artery flow velocity waveforms have been 
analyzed during normal pregnancy;. however, the re- 
sults to date have been contradictory.’® Although one 
group of workers reported significant differences in 
waveform indexes between pregnant and nonpregnant 
women,’ others found that pregnancy did not signifi- 
cantly affect waveform systolic/diastolic ratio.*\? A pos- 
sible reason for these discordant findings may be the 
technical difficulties inherent in the use of B-mode im- 
aging via-a lateral or lumbar approach to position the 
Dopper sample volume over vessels deep in the pos- 
terior abdominal wall. A posterolateral approach is re- 
quired to visualize the kidney during later pregnancy 
and to provide a favorable angle for Doppler insonation 
of the renal vasculature. However, because the opti- 
mum B-mode image is obtained with the ultrasono- 
graphic beam at right angles to a vessel, renal arteries 
have rarely been visualized from the posterolateral ap- 
proach and waveforms have been obtained from a 
“blind” search of the renal hilus. 
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Color flow mapping systems display a real-time map 
of the mean Doppler shift within blood vessels as a color 
overlay on the B-mode image. Using color flow map- 
ping, we hypothesized that the renal arteries could be 
visualized from a posterolateral approach, thereby op- 
timizing the precision with which the pulsed Doppler 
sample volume could be positioned to obtain waveform 
signals. Furthermore, we believed that color how map- 
ping would reveal the position of intrarenal arteries, 
allowing for the first time during pregnancy the analysis 
of waveforms from interlobar and interlobular arteries. 
The purpose of our study was therefore (1) to establish 
whether color flow mapping during pregnancy would 
allow visualization of renal and intrarenal arteries, (2) 
to assess differences between nonpregnant women and 
women in early, mid, or late pregnancy, and (3) to ana- 
lyze waveform variability throughout the kidney and 
compare waveforms from right and left kidneys. 


Material and methods 


. Thirty-three pregnant women were studied in early 
(12 to 19 weeks; n = 8), mid (20 to 29 weeks; n = 11), 
and late (30 to 37 weeks; n = 14) pregnancy with eight 
nonpregnant, age-matched women acting as controls. 
All had normotension and nonproteinuria with no per- 
sonal or family history of renal disease. Ethical approval 
was granted by the Joint Ethics Committee of the New- 
castle Health Authority. 

An Acuson 128 (Acuson, Mount View, Calif.) with 
an L382 3 MHz linear probe was used, set to maintain 
an ultrasonographic intensity within the Food and Drug 
Administration limit for obstetric use (90 mW/cm? spa- 
tial peak temporal average in situ intensity). The pulsed 
Doppler gate length was set to 5 mm for all measure- 
ments. A wall filter cut-off frequency of up to 1 kHz 
was required on a small number of renal arteries but 
was otherwise used at the minimum setting (100 Hz). 

The women were investigated in the lateral decubitus 
position for reasons of their comfort (especially during 
pregnancy) and to obtain reliable visualization of the 
kidney without compression of posterior abdominal 
wall vessels. From a posterior approach the kidneys 
were scanned in the longitudinal plane with B-mode 
imaging to establish normal renal architecture. Color 
flow mapping was used to identify the renal artery and 
interlobar and interlobular arteries in upper and lower 
renal poles. During a brief period in which the patient 
held her breath, the pulsed Doppler sample volume 
was positioned over the vessel of interest and the system 
switched to pulsed the Doppler mode. After the sample 
volume position was fine-tuned to maximize the am- 
plitude of the Doppler signal, Doppler spectra were 
recorded over 6 to 10 cardiac cycles. The procedure 
was repeated for each vessel. The duration of exami- 
nation varied between 15 and 30 minutes. 

Values for the pulsatility index, resistance index, and 


Renal circulation during pregnancy 1251 


A/B ratio were calculated from the Doppler waveform 
maximum frequency envelope for each cardiac cycle. 
These values’ were derived from the peak systolic wave- 
form amplitude (A), the end-diastolic amplitude (B), 
and the mean frequency of the waveform. The ratio- 
nales underlying all three indexes were similar: the 
ratios of peak to diastolic or mean waveform amplitude 
are decreased when downstream vascular resistance is 
reduced. Because the values are ratios the effect of the 
angle of insonation is eliminated, rendering the analysis 
less operator dependent. These indexes were chosen 
because alterations in vascular resistance are regarded 
as central to the increased renal blood flow known to 
occur during normal pregnancy. 

To assess the reproducibility of the technique, fow 
waveforms were obtained from the right renal and in- 
trarenal arteries on six consecutive test occasions in two 
pregnant and two nonpregnant subjects. The coeffi- 
cients of variation for pulsatility index in the four sub- 
jects were 8.7%, 5.8%, 2.3%, and 6.8%, respectively, 
for the renal artery and 5.1%, 4.0%, 4.0%, and 4.8%, 
respectively, for the intrarenal arteries. 

The significance of differences between observations 
were determined by one-way analysis of variance. Cor- 
relations between values were assessed with the Pearson 
correlation coefficient, with p values =0.05 reported as 
significant.. 


Results 


A complete 10-vessel Doppler analysis was obtained 
in 25 (61%) of the 41 patients with six, seven, eight, 
and nine arteries successfully analyzed in 1 (2%), 1 
(2%), 9 (22%), and 5 (12%) women, respectively (Table 
I). Left and right renal and upper and lower interlobar 
artery waveforms were obtained from 7 (88%) of 8 
nonpregnant women and 32 (97%) of 33 pregnant 
women. Interlobular artery Doppler waveforms were 
recorded less frequently, with left upper interlobular 
artery signals being unobtainable in 7 (21%) pregnant 
women. | 

Significant correlations (7 = 0.80 or greater at 
p < 0.01) existed between all three indexes of vascular 
resistance for all arteries in the nonpregnant and preg- 
nant women. For purposes of brevity pulsatility index 
is used to present the data, but the findings were the 
same when the waveforms were analyzed according to 
resistance index or A/B ratios. 

The mean pulsatility index values for the right and 
left renal, interlobar, and interlobular arteries of the 
nonpregnant women were not significantly different 
from those of the women in early, mid, or late preg- 
nancy (Table II). Furthermore, for all renal and intra- 
renal arteries, there were no significant correlations 
between pulsatility index and stage of pregnancy. 

In the nonpregnant women the mean pulsatility in- 
dex values for the right and left renal arteries were 
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Table I. Number of renal and intrarenal vessels successfully analyzed in 8 nonpregnant and 33 


pregnant women 


Artery 
Interlobar Interlobular 
Right kidney 
Nonpregnant (n = 8) 8 8 8 7 6 
Pregnant 
Early (n = 8) 8 8 8 6 7 
Mid (n = 11) 1] 1] ll 10 10 
Late (n = 14) 14 14 14 14 13 
Left kidney 
Nonpregnant (n = 8) 8 8 7 5 5 
Pregnant 
Early (n = 8) 8 8 8 6 7 
Mid (n = 11) 1} 1] 1] 9 10 
Late (n = 14) 13 14 13 12 12 


Table II. Pulsatility index (mean + SD) for right and left renal and intrarenal arteries in nonpregnant 


and pregnant women at varying stages of gestation 


Artery 
Right kidney 
Nonpregnant (n = 8) 1.09 + 0.19 1.06 + 0.14 1.06 + 0.19 10.9 + 0.18 1.02 + 0.13 
Pregnant 
Early (n = 8) 22 e015 1.14 + 0.20 1.18 Æ 0.15 1.26 + 0.15 1.10 + 0.27 
Mid (n = 11) 1.18 + 0.22 1.17 + 0.19 1.20 + 0.23 1.13 + 0.18 1:15-%0.21 
Late (n = 14) 1.12 + 0.24 1.09 + 0.21 1.12 + 0.23 1.07 + 0.23 1.04 + 0.28 
Left kidney 
Nonpregnant (n = 8) 113-2013 0.97 + 0,07 0.96 + 0.14 0.99 + 0.12 0.91 + 0.08 
Pregnant 
Early (n = 8) 1.07 + 0.25 0.99 + 0.13 1.00 + 0.13 1.02 + 0.16 0.98 + 0.16 
Mid (n = 11) 1.14 + 0.23 1.16 + 0.19 1.16 + 0.19 1.07 + 0.26 1.03 + 0.15 
Late (n = 14) 1.07 + 0.24 0.99 + 0.21 1.07 + 0.24 0.94 + 0.13 1.01 + 0.21 


*Significant (p < 0.05) versus left lower interlobular artery. 


greater than or equal to the mean pulsatility index val- 
ues for the interlobar and interlobular arteries of the 
corresponding kidney, but the only significant differ- 
ence was between the left renal and the left lower in- 
terlobular arteries (p < 0.05). At all stages of preg- 
nancy, the mean pulsatility index values for the right 
and left upper and lower interlobular arteries were 
smaller than the mean values for the corresponding 
renal and interlobar arteries, but the differences were 
not significant. 

During early, mid, and late pregnancy, mean pul- 
satility index values for all renal and intrarenal vessels 
were greater on the right side, but the difference was 
significant only for the lower interlobular artery during 
mid pregnancy. 


Comment 


Doppler ultrasonography of the renal circulation, 
even in the nonpregnant woman, is hampered by the 


inaccessible position of the kidney and the mobility of 
the kidney during respiration. An anterior approach 
has been used to measure renal artery blood flow in 
nonpregnant subjects,'® but in late pregnancy this ap- 
proach is not practicable because the kidney becomes 
obscured by the uterus. To date, there have been three 
reports of Doppler ultrasonography of the renal cir- 
culation during pregnancy. In all studies, a posterior 
approach and grey scale ultrasonography were used; 
however, the renal arteries were not directly visualized, 
so that in one report waveforms were obtained from 
the right renal artery in only 32% of patients.® 

Our study is the first to demonstrate that with the use 
of color fow mapping during pregnancy it is possible 
to directly visualize renal and intrarenal arteries, sug- 
gesting that waveform sampling of these vessels should 
be feasible at all stages of gestation. Since our work was 
completed, Levine et al.’ reported satisfactory segmen- 
tal artery (the first branch of the renal artery) readings 
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Table III. Mean pulsatility index and A/B ratio in previous studies of the renal circulation 


Pulsatiltty Pulsatility 
n index AIB index A/B 
8 1.11 


Pregnant 


Study Artery 
Sturgiss et al. (1992) Renal 2.8 31 1.13 2.9 
Interlobar 8 1.01 2.6 31 1.11 2.8 
Hata et al.® (1987) Renal 9 — 3.0 56 — 2.7 
Levine et al.? (1992) Segmental 10 wa 2.5 51 — 2.6 
Stevens et al.4(1989) Interlobar 12 1.21 — — — — 
Stevens et al.° (1990) Interlobar 23 1.16 — — — — 


with B-mode duplex imaging from 96% of 324 exami- 
nations in 61 pregnant women; we believe this high 
success rate is unlikely to be achieved by most operators. 
Positioning of the pulsed Doppler sample volume on 
the basis of color How mapping is easier and more ac- 
curate than indirect estimation of vessel site presumed 
from renal architecture. Although not quantified in our 
study, the position of the renal arteries as revealed by 
color flow mapping was highly variable; had only the 
B-mode image been available, prolonged “searching” 
of the renal hilus would have been required. Further- 
more, as soon as the scanning beam is switched to the 
Doppler mode, the subject is required to hold her 
breath, an activity that can be uncomfortable for preg- 
nant women (especially in later pregnancy). The color 
flow map indicates exact vessel site, thus facilitating 
rapid positioning of the pulsed Doppler sample volume 
and reducing the requirement for prolonged breath 
holding. It must be admitted, however, that color flow 
mapping of tissues other than the heart is a recent 
development, and there is a paucity of data regarding 
possible technical limitations or imaging artifacts."! 

Alterations in renal hemodynamics during preg- 
nancy are at least partially caused by changes in renal 
vascular resistance; therefore the most commonly used 
indexes of vascular resistance were applied to analyze 
the waveforms. Quantification of flow, which requires 
measurement of vessel diameter, was not possible be- 
cause interlobar arteries are only 2 to 3 mm in diameter 
(without the lateral resolving power of ultrasonogra- 
phy), and renal arteries were rarely visualized on the 
B-mode image even when their site was revealed by 
color flow mapping. Although it has been reported that 
the renal artery A/B ratio correlates significantly with 
both glomerular filtration rate and effective renal 
plasma flow, the relationship was not precise enough 
to allow estimation of renal hemodynamics.” 

An index of vascular resistance may be more sensitive 
to early disease than quantification of flow because 
pathologic changes causing increased resistance may 
lead initially to increased cardiac contractility, main- 
taining flow until late in the disease process. For in- 
stance, pulsatility index is increased early in renal al- 
lograft rejection because of inflammatory deposits 


within and around the vessel lumen.** Pulsatility index 
is also significantly increased in acute renal failure for 
a variety of causes,’ and a return to normal values pre- 
dates the onset of diuresis by 24 to 48 hours.® In ad- 
dition, resistance index significantly correlates with the 
prevalence of arteriosclerosis, glomerular sclerosis, and 
focal interstitial fibrosis in patients with renal paren- 
chymal disease." 

Our study did not reveal any significant differences 
between waveform indexes from the renal arteries in 
nonpregnant women and those in women in early, mid, 
or late pregnancy, findings that corroborate two other 
investigations that demonstrated no significant alter- 
ation in the A/B ratio during pregnancy.” ° We have, 
however, extended these observations by demonstrat- 
ing no significant change for mean pulsatility index, 
resistance index, and A/B values in the right and left, 
upper and lower, interlobar and interlobular arteries. 
This lack of significant change is surprising because the 
large increase in renal blood flow during pregnancy is 
thought to be the result of reduced renal vascular re- 
sistance. Of interest, our values for pulsatility index and 
A/B ratio in the nonpregnant and pregnant subjects 
were very similar to those reported by other investi- 
gators {Table III), indicating reproducibility of tech- 
nique and similar study populations. 

It is difficult to understand why pregnancy does not 
apparently affect waveform indexes purported to cor- 
relate with vascular resistance, especially when preg- 
nancy is associated with large decrements in the vas- 
cular resistance of the renal circulation. It is likely, how- 
ever, that waveform pulsatility reflects an interaction of 
several hemodynamic factors, many of which are al- 
tered during pregnancy. It is not yet possible to assess 
the individual effect on renal waveform variability of 
changes in maternal heart rate, stroke volume, blood 
pressure, and blood flow because alterations of one 
variable affect the others. Hemodynamic modeling sug- 
gests that pulsatility (as indexed by pulsatility index and 
A/B ratio) correlates closely with vascular resistance,’* 
an effect that is independent of flow and pressure; 
however, the relationship has not been specifically 
tested for the unique conditions of the renal circulation 
during pregnancy. 
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It has been reported that resistance index values for 
the renal segmental arteries in nonpregnant renal al- 
lograft recipients decrease significantly with increments 
in heart rate.'® A possible explanation for this negative 
. correlation (which has also been demonstrated in the 
fetal aorta and in hemodynamic models) is the close 
relationship between stroke volume and peak systolic 


velocity. Increments in heart rate are normally associ-. 


ated with decreased stroke volume, resulting in de- 
creased peak systolic velocity and a decrement in the 
indexes (pulsatility index and A/B ratio) of waveform 
pulsatility."” Interestingly, although maternal heart rate 
increases early in pregnancy by about 10 to 15 
- beats/min and remains at this level throughout gesta- 
tion, stroke volume increases during pregnancy from 
64 to 71 ml. This increment in stroke volume may partly 
blunt the changes caused by both the increased mater- 
nal heart rate and the decreased renal vascular resis- 
tance. | 

= Peripheral vascular resistance is but one of the pa- 
rameters affecting dynamic relationships between pres- 
sure and flow within the cardiovascular system. Other 
factors that must be considered are the distensibility 
(compliance) of vessels, inertial properties of blood, and, 
the effects of flow wave reflections within the arterial 
tree.’* '° Of interest, parameters purported to quantify 
some of these factors (characteristic impedance and re- 
flection coefficient) do not correlate with pulsatility in- 
dex.” In addition, there is a paucity of data concerning 
the effects of pregnancy on any of these variables. 

Data concerning variation in flow velocity waveform 
shape between renal and intrarenal arteries and be- 
tween different vessels within the kidney have not pre- 
viously been reported. The similarity of values from 
the renal and interlobar arteries indicates that should 
the technique become clinically useful, it may be prac- 
ticable-to use readings from either vessel, thus reducing 
examination time and making the investigation more 
acceptable. . 

All indexes of vascular resistance were lower in the 
left kidney compared with the right, a difference es- 
pecially noticeable in early pregnancy (Table II). This 
finding corroborates that of another report,’ but is not 
easy to explain. Of interest, pelvicalyceal and paren- 
chymal dilatation are less marked on the left during 
pregnancy, but these differences are not well estab- 
lished until mid or late pregnancy. There are minor 
differences in the anatomy of the right and left renal 
arteries, but these would not be expected to have a 
significant effect on index of vascular resistance. 

Using color fow mapping, we have confirmed the 
findings from B-mode duplex studies that during nor- 
mal pregnancy there are no significant changes in renal 
or intrarenal artery Doppler waveform shape. We are 
now serially investigating women with preeclampsia, 
renal disease, or an allograft to assess whether color 
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flow mapping and Doppler ultrasonography are of 
value in delineating renal compromise before clinical 
deterioration changes in routine renal function tests. 


REFERENCES 


. Davison JM, Dunlop W. Renal hemodynamics and tubular 
function induced by normal human pregnancy. Kidney 
Int 1980;18:152-61. 

2. Chesley LC, Duffus GM. Preeclampsia, posture and renal 
function. Obstet Gynecol 1971;38:1-5. 

3. Scoutt LM, Zawin ML, Taylor KJW. Doppler US Part II. 
Clinical applications. Radiology 1990;174:309-19. 

4. Rigsby CM, Burns PN, Weltin GG, Chen B, Bia MB, Tay- 
lor KJW. Doppler signal quantitation in renal allografts: 
comparison in normal and rejecting transplants, with 
pathologic correlation. Radiclogy 1987;162:39-42. 

5. Patriquin HB, O'Regan S, Robitaille P, Paltiel H. Hemo- 
lytic-uremic syndrome: intrarenal arterial Doppler pat- 
terns as a useful guide to therapy. Radiology 
1989; 172(3):625-8. 

6. Stevens PE, Gwyther SJ, Hanson ME, Boultbee JE, Kox 
WJ, Phillips ME. Noninvasive monitoring of renal blood 
flow characteristics during acute renal failure in man. Int 
Care Med 1990;16:153-8. 

7. Sohn C, Fendel H. The renal artery and uterine circu- 
lation in normal and toxemic pregnancies. Z Geburtshilfe 
Perinatol 1988;92:43-8, l 

8. Hata T, Hata K, Aoki S, Takamiya O, Murao F, Kitao M. 
Renal arterial blood flow velecity waveforms in pregnant 
women. AM J OBSTET GYNECOL 1987;157:1269-71. 

9, Levine AB, Lockwood CJ, Chitkara U, Berkowitz RL. Ma- 
ternal renal artery Doppler velocimetry in normotensive 
pregnancies and pregnancies complicated by hyperten- 
sive disarders. Obstet Gynecol 1992;79:264-7. 

10. Greene ER, Venters MD, Avasthi PS, Conn RL, Jahnke 
RW. Noninvasive characterisation òf renal artery blood 
flow. Kidney Int 1981;20:522-9. 

11. Mitchell DG. Color Doppler imaging: Principles, limita- 
tions and artifacts. Radiology 1990;177:1-10. 

12. Yura T, Takamitsu Y, Yuasa S, et al. Total and split renal 
function assessed by ultrasound Doppler techniques. 
Nephron 1991;58:37-41. 

13. Mostbeck GH, Kain R, Mallek R, et al. Duplex Doppler 
sonography in renal parenchymal disease. J Ultrasound 
Med 1991;10:189-94. 

14. Stevens PE, Bolsin S, Gwyther S], Hanson ME, Boultbee 
JE, Kox W. Practical use of duplex Doppler analysis of 
the renal vasculature in critically ill patients. Lancet 
1989; 1:240-3. 

15. Legarth J, Thorup E. Characteristics of Doppler blood- 
velocity waveforms in a cardiovascular in vitro model. IT. 
The influence of peripheral resistance, perfusion pres- 
sure and blood flow. Scand J Clin Lab = Invest 
1989;49(5):459-64. i 

16. Mostbeck GH, Gossinger HD, Mallek R, Siostrzonek P, 
Schneider B, Tscholakoff D. Effect of heart rate on Dopp- 
ler measurements of resistive index in renal arteries. Ra- 
diology 1990;175:511-3. 

17. Legarth J, Thorup E. Characteristics of Doppler blood- 
velocity waveforms in a cardiovascular in vitro model. I. 
The model and the influence of pulse rate. Scand J Clin 
Lab Invest 1989;49(5):45 1-7. 

18. Simon AC, Safar ME, Levenson JA, London GM, Levy 
BI, Chau NP. An evaluation of large arteries compliance 
in man. Am J Physio! 1979;237:H550-4. 

19. Nichols WW, Pepine CJ, Geiser EA, Conti R. Vascular 
load defined by the aortic input impedance spectrum. Fed 
Proc 1980;39:196-201. 

20. Downing GJ, Yarlagadda AF, Maulik D. Comparison of 

the pulsatility index and input impedance parameters in 

a model of altered haemodynamics. J Ultrasound Med 

1991;10:317-22. 


pent 


Changes in coagulation and anticoagulation in women taking 


low-dose triphasic oral contraceptives: A controlled 


comparative 12-month clinical trial 


Morris Notelovitz, MD, PhD, Craig S. Kitchens, MD,” and Farouk Y. Khan, MD*° 


Gainesville, Florida 


OBJECTIVE: The effects of two triphasic oral contraceptives on coagulation and anticoagulation factors 


were compared in a 12-month open-label study. 


STUDY DESIGN: Fifty-two women (mean age 26 years) were enrolled in and completed the study; 20 had 
been randomly assigned to receive levonorgestrel plus ethinyl estradiol, 24 had been randomly assigned 
to receive norethindrone plus ethinyl estradiol, and eight surgically sterile women acted as untreated 
controls. Coagulation and anticoagulation factors were measured at baseline and during the sixth and 


twelfth months. 


RESULTS: Both oral contraceptives produced significant decreases from baseline in prothrombin time and 
partial thromboplastin time; there were also significant changes in laboratory control times. Factor XII was 
significantly increased in beth oral contraceptive groups after 6 and 12 months. Fibrinogen antigen was 
significantly increased for norethindrone plus ethinyl estradiol after 6 and 12 months and for levonorgestrel 
plus ethiny! estradiol after 12 months. Platelet counts were unchanged. There was a significant increase in 
antithrombin [l] activity with norethindrone plus ethinyl estradiol at 12 months. Antithrombin Ill antigen was 
unchanged with the oral contraceptives; however, significant increases existed for a,-antitrypsin antigen 
and plasminogen antigen and activity after 6 and 12 months and for a,-macroglobulin antigen after 12 
months for both oral contraceptives. a,-Antiplasmin antigen was significantly increased for norethindrone 
plus ethinyl estradiol at the 12-month evaluation. There were no significant differences between the oral 
contraceptives for any coagulation or anticoagulation factor, and mean values generally remained within 


reference ranges. 


CONCLUSIONS: Levonorgestrel plus ethiny! estradiol and norethindrone plus ethinyl estradiol had 
equivalent, minimal effects on hemostasis, and changes in coagulation factors appeared to be balanced by 
changes in anticoagulation factors. (AM J OssteT GYNECOL 1992;167:1255-61.) 


Key words: Oral contraceptives, coagulation, hemostasis 


Minimization of risks for cardiovascular disease, in- 
cluding thromboembolic events, is a continuing con- 
cern in the use of oral contraceptives. Extensive clinical 
experience has shown that changes in the concentration 
of coagulation factors and the incidence of venous 
thromboembolism are primarily related to the estrogen 
component’ and are dose related.'* The low-dose oral 
contraceptives currently used carry less cardiovascular 
risk than previous higher-dose formulations.’ In fact, 
some studies have suggested a cardioprotective effect 
associated with oral contraceptive use,”’ particularly in 
relation to atherosclerosis and myocardial infarction. 

Although there is no conclusive evidence that pro- 
gestogens alone affect hemostatic parameters, * the 
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progestogen component of oral contraceptives does 
have a dose-related effect on arterial vascular disor- 
ders.™*®° There are also recent indications that the pro- 
gestogen component can modify the estrogenic effects 
of an oral contraceptive on hemostatic parameters.’ 
Therefore comparisons of oral contraceptives have 
been undertaken to determine which progestogens are 
associated with the smallest changes in coagulation 
factors. 

Often these comparisons have evaluated low-dose 
monophasic oral contraceptives* '™!™? or triphasic for- 
mulations compared with monophasic ones. ">" A few 
studies™™!? have also compared triphasic combinations 
of ethinyl estradiol plus levonorgestrel or gestodene. 

In this study we evaluated the effects of two com- 
monly used triphasic preparations, Triphasil (Wyeth- 
Ayerst Laboratories, Philadelphia; levonorgestrel plus 
ethinyl estradiol) and Ortho Novum 7/7/7 (Ortho 
Pharmaceutical Corporation, Raritan, N.J.; norethin- 
drone plus ethinyl estradiol). Sabra and Bonnar” also | 


studied the effects of levonorgestrel and norethindrone 


in combination oral contraceptives and observed that 
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Table I. Triphasic dose regimens 


Oral contraceptive 


Triphasil (levonorgestrel plus ethinyl estradiol) 


Ortho-Novum 7/7/7 (norethindrone plus ethinyl estradiol) 
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Tablet strength 
(Hg) 


Cycle days 
50 + 30 1-6 
75 + 40 7-11 
125 + 30 12-2] 
500 + 35 l-7 
750 + 35 8-16 
1000 + 35 17-21 





an oral contraceptive containing 30 pg ethinyl estradiol 
plus levonorgestrel changed certain hemostatic factors 
less than did an oral contraceptive containing 30 wg 
ethinyl estradiol plus norethindrone. They suggested 
that levonorgestrel may decrease the effects of estrogen 
on hemostasis. 

Our study has addressed the suggestion that levo- 
norgestrel might modify estrogen’s effects on hemo- 
stasis. Because the two regimens that we studied contain 
comparable amounts of the same estrogen, it was as- 
sumed that any differences between the groups in co- 
agulation factors could be attributed to the effects of 
the progestogens. 

It also has been suggested that changes in antico- 
agulation factors may work to balar.ce any changes in 
coagulation factors. Therefore we have evaluated the 
effects of these two oral contraceptives on both coag- 
ulation and anticoagulation factors. 


Material and methods 


Healthy women who were between 18 and 35 years 
old were enrolled in the study. Taney had to weigh 
within 20% of the average weight for their height and 
age and have regular menstrual cycles, and they could 
not have been pregnant within 90 days of the study 
start. The study received approval from the Center’s 
institutional review board, and subjects gave written 
informed consent. | 

The use of reproductive hormones was not permitted 
within 30 days of the start of the study. Use of anti- 
coagulant drugs within 90 days of the study and aspirin 
within 10 days of baseline blood sampling also was not 
permitted. Participants agreed to maintain their dietary 
and exercise patterns during the study. They were eval- 
uated for 12 cycles. . 

A group of women with intact ovaries, who were 
surgically sterile, participated as the control group. The 
fertile women were randomly assigned to receive open- 
label levonorgestrel plus ethinyl estradiol or noreth- 
indrone plus ethinyl estradiol. The dose regimens of 
the two oral contraceptives are given in Table I. 

Blood samples were collected after a 14-hour fast, 
between days 20 and 25 during the cycle preceding the 
study, and between days 15 and 2! during treatment 
cycles 6 and 12, The samples were collected in tubes 


containing 3.8% sodium citrate, and they were centri- 
fuged immediately at 4500 rpm for 5 to 10 minutes. 
Plasma was separated and kept frozen at — 70° C until 
analysis. 

The coagulation factors measured were partial 
thromboplastin time, prothrombin time, fibrinogen an- 
tigen, platelet count, factor XII, and fibrin degradation 
products. The anticoagulation factors measured were 
antithrombin III antigen and activity, a,-macroglobulin 
antigen, Q,-antitrypsin antigen, plasminogen antigen 
and activity, and a,-antiplasmin activity. Prothrombin 
time, and partial thromboplastin time were measured 
by the fibrometer method. Fibrinogen antigen, anti- 
thrombin III antigen, a -macroglobulin antigen, and 
M-antitrypsin antigen were determined by radial im- 
munodiffusion with plates from Calbiochem-Behring, 
La Jolla, Calif. (m-Partigen). Antithrombin III activity, 
plasminogen activity, and a,-antiplasmin activity were 
determined by fluorometric assays (Protopath, Amer- 
ican Dade, Miami). The coefficient of variance for Pro- 
topath ts 7% for antithrombin ITI and 5% for plasmin- 
ogen. All tests were performed by a technician who did 
not know the group assignments. Platelet counts were 
determined by a Coulter Counter B (Coulter, Hialeah, 
Fla.). Factor XII activity was determined by routine 
coagulation assay.” Fibrin degradation products were 
assayed by the method of Merskey et al.” 

Paired ¢ tests were used to analyze within-group 
changes from baseline and to assess changes in labo- 
ratory controls for prothrombin time and partial 
thromboplastin time. Analysis of covariance was used 
for comparisons between groups; the baseline level was 
used as a covariaté. When a significant difference be- 
tween groups was seen, pairwise comparisons were 
made with a last significant difference test. All tests were 
two-tailed at the a = 0.05 level. 


Results 


Fifty-two women between 20 and 33 years old com- 
pleted this study; 20 received levonorgestrel plus eth- 
inyl estradiol and 24 received norethindrone plus eth- 
inyl estradiol. The remaining eight women were sur- 
gically sterile and acted as the control group. There 
were no statistically significant differences in baseline 
demographic data among the three groups (Table II). 
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Table II. Baseline demographic data 


Control 
Attribute (n = 8) 
Age (yr, mean + SD) 27.1 + 3.0 
Parity (mean + SEM) 1.1 + 0.4 
Race (No. and %) 
White 7 (88%) 
Black 1 (13%) 
Other 0 (0%) 
Height, (in, mean + SD) 65.0 + 1.0 
Weight (lb, mean + SD) 133.1 + 13.5 
Cigarette use (no. and %) 
Yes 0 (0%) 
No 8 (100%) 
Cigarettes/day (No., mean + SD) 0.0 + 0.0 
Alcohol use (No. of drinks/wk, mean + SEM) 0.9 + 0.4 
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Norethindrone plus ethinyl 
estradiol (n = 24) 


Levonorgestrel plus ethinyl 
estradiol (n = 20) 


26.0 + 3.2 25.9 + 3.9 
0.8 + 0.2 0.7 + 0.2 
20 (100%) 20 (83%) 

0 (0%) 2 (8%) 

0 (0%) 2 (8%) 
65.0 + 0.8 66.1 + 0.6 
135.1 + 16.7 133.7 + 18.1 
2 (10%) 1 (4%) 
18 (90%) 23 (96%) 
0.6 + 2.3 0.3 + 1.4 
1.7 + 0.4 1.8 + 0.4 





Table III. Summary of coagulation factors in women taking low-dose triphasic oral contraceptives and in 


untreated control subjects 


Treatment group (sec, mean + SEM) 


Coagulation factor with 
reference range 


Prothrombin time, subjects (9.5-12.0 sec) 


Baseline 12.6 + 0.1 
6 mo 12.5 + 0.1 
12 mo 11.5 + 0.2t 
Partial thromboplastin time, subjects (<35 sec) 
Baseline 274+ 0.8 
6 mo 27.0 + 0.8 
12 mo 27.6 + 2.0 
Factor XII (60%-200% of normal) 
Baseline 106.4 + 5.9 
6 mo 103.6 + 6.5 
12 mo 85.5 + 3.27 
Fibrinogen antigen (200-450 mg/dl) 
Baseline 328.0 + 48.6 
6 mo 266.6 + 44.3 
12 mo 328.8 + 20.4 
Platelets (150-450 thousands/mm’)# 
Baseline 192.0 + 23.7 
6 mo 202.8 + 16.0 
12 mo 201.4 + 11.4 


*Significant difference from baseline, p = 0.001. 
tSignificant difference from baseline, p = 0.01. 
+Significant difference from control group, p = 0.01. 
§Significant difference from control group, p = 0.001. 
Significant difference from baseline, p = 0.05. 
{Significant difference from control, p = 0.05. 


Control Levonorgestrel plus ethinyl 
(n = 8) estradiol (n = 20; 


Norethindrone plus ethinyl 
estradiol (n = 24) 


12.7 + 0.1 12.6+ 0.1 
12.4 + 0.1* 12,2 + 0.1} 
11.2 + 0.1* 11.1 + 0.1* 
28.5 + 0.6 96.5 + 0.7 
24.7 + 0.64 24.0 + 0.5t, t 
25.2 + 1.0+ 25.1 + 1.0 
89.6 + 5.6 97.9 + 4.8 
127.4 + 7.38 131.4 + 5.2} 
105.2 + 7.64, || 110.4 + 4.77, ¢ 
305.3 + 20.6 309.1 + 17.3 
319.8 + 19.7 355.6 + 26.4] 
350.5 + 10.6] 375.4 + 13.3%, | 
982.6 + 15.0 293.0 + 17.4 
270.5 + 19.8 297.8 + 17.5 
292,3 + 16.6 271.9 + 19.2 


#Complete platelet data were available for only 5, 19, and 21 patients in the control, levonorgesterel plus ethinyl estradiol, 


and norethindrone plus ethinyl estradiol groups, respectively. 


Results of prothrombin time and partial thrombo- 
plastin time testing are summarized in Table IIT. There 
were significant decreases from baseline in prothrom- 
bin time after 6 and 12 months for levonorgestrel plus 
ethinyl estradiol and norethindrone plus ethinyl estra- 
diol and after 12 months for the control group. There 
was, however, no difference at any of the sampling 
intervals between the treatment groups and the un- 


treated controls. Further, the values were well within 
the reference range of this laboratory. 

Partial thromboplastin time values were significantly 
shorter for both oral contraceptives compared with 
baseline and the control group at the 6-month evalu- 
ation and for levonorgestrel plus ethinyl estradiol com- 
pared with baseline after 12 months. Mean values for 
partial thromboplastin time remained within normal 
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Table IV. Summary of anticoagulation parameters 


Control 
Anticoagulation factor and (n = 8) 


reference range 


` (mean + SEM) 


Antithrombin III antigen (22-39 mg/dl) 


Baseline 24.3 + 0.8 
6 mo 27.6 + 1.8 
12 mo 29.1 + 1.27 
Antithrombin IHI activity (80%-200% of normal) 
Baseline 95.1 + 3.9 
6 mo 91.9 + 4.6 
12 mo 92.1 + 5.4 
a,-Macroglobulin antigen (175-450 mg/dl) 
Baseline 208.8 + 15.0 
6 mo 222.8 + 9.3 
12 mo 262.5 + 17.5t 
a,-Antitrypsin antigen (200-400 mg/dl) 
Baseline 293.1 + 15.3 
6 mo 246.9 + 22.2 
12 mo 235.0 + 13.4 
Plasminogen activity (2.4 to 3.8 coherent lime average units/ml) 
Baseline 29+ 0.1 
6 mo 3.3 + 0.2 
12 mo i 3.5 + 0.2 
Q-Antiplasmin antigen (80%-200% of normal) 
Baseline 83.4 + 6.2 
6 mo 77.0 + 4.6 
12 mo 77.8 & 3.3 


*Significant difference from control, p = 0.05. 
Significant difference from baseline, p = 0.05. 
Significant difference from control, p = 0.01. 
§Significant difference from baseline, p = 0.01. 
Significant difference from baseline, p = 0.001. 
{Significant difference from control, p = 0.001. 


ranges for the oral contraceptive—treated women, with 
a trend to reversal of the time at 12 months. 

The mean values for the other tested coagulation 
factors did not differ significantly between the two oral 
contraceptive groups, and none of the mean values 
were outside.the reference ranges (Table III). The in- 
dividual values also generally remained within the ref- 
erence ranges. — 

There were significant increases from baseline in fac- 

tor XII values with both oral contraceptives at both on- 
therapy evaluations. Increases were greatest at 6 
months and returned toward baseline values after 12 
months. This trend mirrors the partial thromboplastin 
time results. The factor XII values in both treated 
groups at 6 and 12 months-were significantly greater 
than those of the control group; the control group 
showed a significant decrease from baseline factor XII 
values after 12 months. The baseline values differed 
among the three groups, but the differences were not 
statistically significant. 

Levels of fibrinogen antigen increased significantly 
from baseline after 12 months for levonorgestrel plus 
ethinyl estradiol and after 6 and 12 months for nor- 
ethindrone plus ethinyl estradiol. There were no sig- 
nificant changes in mean platelet counts for any group. 


Levonorgestrel pius ethinyl 
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Norethindrone plus ethinyl 
estradiol (n = 24) 
(mean £ SEM) 


estradiol {n = 20) 
(mean + SEM) 


25.0 + 0.5 26.8 + 0.6 
94.8 + 0.6* 25.6 + 0.6% 
95.1 + 90.74 96.3 + 0.6* 
97.4 + 3.7 91.6 + 2.5 
90.7 + 4.2 102.9 + 4.2+ 
96.4 + 2.9 94.8 + 3.4 
915.2 + 10.8 996.2 + 9.6 
990.9 + 10.5 936.8 + 11.7 
953.3 + 15.08 972.9 + 15.11 
249.0 + 10.4 280.8 + 7.3 
333.8 + 13.64] 346.5 + 11.04! 
312.0 + 14.0%] 341.9 + 11.9],9 
3.1 +00.1 34 +0] 
4.7 + 0.219 5.0 + 0.119 
5.0 + 0.219 5.0 + 0.219 
78.3 + 3.2 77.6 + 2.7 
76.3 + 3.4 76.7 + 3.5 
84.1 + 3.7 36.0 + 3.4+ 


The baseline platelet value in the control groups was 
statistically less than that oz the treatment groups 
(p < 0.01) but was still within the normal biologic 
range. Only one patient, who received norethindrone 
plus ethinyl estradiol, had a positive titer for fibrin deg- 
radation products. She had a titer of 1:40 at the base- 
line and 6-month evaluations, but she had a negative 
titer at the 12-month evaluation. It was concluded that, 
although there were some indicators of procoagulant 
change in this subject, there was no laboratory evidence 
of intravascular coagulation. 

Results of tests for anticoagulation factors are sum- 
marized in Table IV. There were no significant differ- 
ences between oral contraceptive treatment groups for 
any of the anticoagulation factors tested. Mean values 
for the anticoagulation factors, except for plasminogen 
activity, remained within normal ranges. Individual val- 
ues also generally remained within normal ranges ex- 
cept for plasminogen activity: for plasminogen activity 
individual values were often higher than the reference 
range (Fig. 1). 

Antithrombin If activity and antithrombin HI an- 
tigen generally showed no significant changes from 
baseline in the treated women, although antithrombin 
III activity was significantly increased after 6 months 
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Fig. 1. Alteration in plasminogen activity in women taking low-dose triphasic oral contraceptives 
and in untreated control women relative to reference range (2.4 to 3.8 coherent time average units 
per milliliter). O, Control subjects; 4, subjects taking levonorgestrel (LNG) plus ethinyl estradiol (EE); 
A, subjects taking norethindrone (NET) plus ethinyl estradicl. 


(but not later) for norethindrone plus ethinyl estradiol. 
Both treatment groups had significantly lower anti- 
thrombin II anugen levels at 6 and 12 months when 
compared with those of the control group. 

‘Both treatment groups showed statistically significant 
increases from baseline values in the less potent plasmin 
inhibitors, macroglobulin antigen (12 months only) 
and a,-antitrypsin antigen (6 and 12 months). In ad- 
dition, both oral contraceptive—treated groups had sta- 
tistically significant higher ,-antitrypsin antigen values 
than did the control group at 6 and 12 months. Plas- 
minogen activity was significantly increased. oy-Anti- 
plasmin antigen was unchanged at 6 months for both 
oral contraceptives, but it was significantly increased 
from baseline for norethindrone plus ethinyl estradiol 
at 12 months. 


Comment 


Studies evaluating the effect of sex steroids on he- 
mostasis all have the same deficiencies: The factors 
measured are remote from the site of thrombosis; there 
are no known tests that reliably predict coagulation®'; 
some of the factors (e.g., factor XII) may initiate both 
coagulation and fibrinolysis; and the changes that occur 


may be statistically significant but, with few exceptions, 
the mean values do not exceed the reference labora- 
tories’ normal ranges. Any hemostatic effect by these 
agents is therefore theoretically doubtful. Given these 
limitations, the results of tests for coagulation and an- 
ticogulation factors In the current study indicated no 
significant difference between the levonorgestrel plus 
ethinyl estradiol and norethindrone plus ethinyl estra- 
diol combination triphasic oral contraceptives. It ap- 
pears that the progestogens in these oral contraceptives 
do not differ significantly in their effect on these fac- 
tors, either by direct impact on hemostasis or by influ- 
encing estrogen’s effects on hemostasis. The results of 
this study do not support the suggestion that the pro- 
gestogen modifies the effect of estrogen on hemostasis.” 
Further, although both oral contraceptives induced 
changes in coagulation and anticoagulation factors (that 
were often statistically significant), mean values usually 
remained within normal reference ranges, with the ex- 
ception of their effect on plasminogen activity. 

The prothrombin time is a clinical marker of acti- 
vation of the extrinsic compartment of the coagulation 
cascade, because it reflects factor VII activity. Accord- 


a 


ing to some researchers,” *° higher levels of factor VII 
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and fibrinogen are associated with an increased ten- 
dency to arterial disease and thrombosis. Mean pro- 
thrombin time levels decreased significantly for both 
oral contraceptive groups after 6 and 12 months. How- 
ever, the clinical significance of changes in prothrombin 
time is questionable because the mean prothrombin 
time for the control group also was significantly de- 
creased after 12 months and there were no statistically 
significant differences between the control and treat- 
ment groups. Furthermore, all values were within the 
laboratory range. 

The partial thromboplastin time is reflective of a 
more complex interaction of segments of the intrinsic 
system leading eventually to the activation of factor X. 
The partial thromboplastin time values for the control 
group remained constant, which suggests the validity 
of oral contraceptive—induced shortening of the partial 
thromboplastin time. These decreases also are consis- 
tent with the results of an earlier evaluation of contra- 
ceptives containing norethindrone”; these findings 
need to be interpreted within the context of the wide 
biologic range of partial thromboplastin time function 
and the simultaneous changes in anticoagulation and 
fibrinolysis. For example, factor XII (which stimulates 
the intrinsic system) and fibrinogen antigen values in- 
creased significantly with both oral contraceptives; in 
contrast, factor XII activity decreased significantly in 
the control group. Gevers Leuven et al."’ also noted 
significant increases in factor XII in a study comparing 
monophasic levonorgestrel plus ethinyl estradiol and 
lynestrenol plus ethinyl estradiol. However, the rele- 
vance of this with regard to procoagulation is ques- 
tionable, because factor XII stimulates fibrinolysis as 
well.“ Fibrinogen is the substrate that is converted by 
thrombin to fibrin and has been found to be increased 
in most (if not all) studies evaluating exogenous estro- 
gen. Although an increased fibrinogen level is an epi- 
demiologic risk factor for arterial disease and throm- 
bosis,” * it is important to differentiate endogenous 
evaluations in untreated subjects with exogenously 
stimulated values in response to oral contraceptives. 
The latter response is pharmacologically balanced by 
enhanced fibrinolysis. 

Decreases in antithrombin III previously have been 
associated with estrogen use®; however, the values for 
antithrombin III antigen and activity in this study gen- 
erally remained unchanged. These results are consis- 
tent with other studies of levonorgestrel- and noreth- 
indrone-containing oral contraceptives,’ 1 although 
we did see decreases in antithrombin III antigen with 
norethindrone plus ethinyl estradiol in an earlier 
study.’* The unchanged antithrombin III activity levels 
in both oral contraceptive—treated groups are (theo- 
retically at least) capable of inhibiting any increase in 
coagulability, as suggested by the partial thromboplas- 
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tin time change. Prime actions among the actions of 
antithrombin IHI is inhibition factor Xa activity. 

Increases in concentration of other anticoagulation 
factors may also compensate for the increases in co- 
agulation factors; for example, values for plasminogen 
activity increased significantly with both oral contra- 
ceptives. The increase in plasminogen activity is espe- 
cially encouraging. Although elevated levels of plas- 
minogen activity do not necessarily imply increased fi- 
brinolysis in vivo, there are two points that merit 
emphasis: the plasminogen activity levels were the only 
changes that exceeded the laboratory reference range, 
and this finding may reflect a clinically meaningful 
pharmacologic effect. This is made likely by extrapo- 
lation from the recent study of Jespersen et al.* They 
compared the fibrinolytic potential of two oral contra- 
ceptives containing third-generation progestogens (de- 
sogestrel and gestodene) combined with ethinyl estra- 
diol and noted a highly significant increase in plasmin- 
ogen antigen. This was accompanied by a simultaneous 
and significant decrease (p < 9.01) in histidine-rich gly- 
coprotein (the natural inhibitor of plasminogen syn- 
thesis) and a trend toward decreases in plasminogen 
activity inhibitor type I, another highly potent inhibitor 
of the conversion of plasminogen to plasmin. These 
changes were accompanied by a significant (p < 0.05) 
increase in tissue plasminogen activator activity. 

Changes in fibrinolytic activity and anticoagulation 
factors consistent with the hypothesis that hemostatic 
balance is normally maintained with norethindrone- 
and levonorgestrel-containing low-dose oral contracep- 
tives were seen in other studies’? ” and are supported 
by the conclusions of this study: Triphasic levonorges- 
trel plus ethinyl estradiol and norethindrone plus eth- 
inyl estradiol produced equivalent changes in coagu- 
lation parameters, but these changes were offset by 
increases in anticoagulation activity. This is supported 
by the observation that only one oral contraceptive— 
treated patient had a positive titer for fibrin degrada- 
tion products and at only one measurement point. 
There was no indication that the progestogen modified 
the effect of estrogen on hemostasis. We therefore con- 
clude that both tested oral contraceptives can be ex- 
pected to have a minimal net effect on the laboratory 
evaluation of these hemostatic factors in healthy 
women. These findings are consistent with the observed 
clinical safety of these compounds. 
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Sleep quality in preeclampsia 


Eeva M.K. Ekholm, MD,*" Olli Polo, MD, Esa R. Rauhala, MD, and Ulla U. Ekblad, MD* 


Turku, Finland 


OBJECTIVE: Our goal was to study the sleep quality in women with preeclampsia with a special reference 


to nocturnal body movement activity. 


STUDY DESIGN: Sleep quality was evaluated in nine women with preeclampsia and eight women with 
normal term pregnancy by means of questionnaires and by recording the nocturnal body movement 


activity with the static charge—sensitive bed. 


RESULTS: Subjective sleep complaints were similar in both groups. The total movernent time and the total 
frequency of body movements in bed were, however, significantly increased in the preeclamptic groug. 
CONCLUSION: The study suggests that sleep is impaired in preeclamptic subjects. (Am J OBSTET 


GYNECOL 1992;167:1262-6.) 


Key words: Sleep, pregnancy, preeclampsia, static charge—sensitive bed 


Preeclampsia complicates up to 10% of all pregnan- 


cies and is a common cause of perinatal morbidity,, 


mainly resulting from premature delivery. The cause 
of preeclampsia is still unknown, and consequently the 
complications of preeclampsia may be minimized only 
by elective timing and routing of the delivery. If the 
risk of eclampsia could be predicted, the gestational 
age of the fetus could be prolonged by some days or 
possibly weeks. 

Increased nocturnal motility is a nonspecific sign of 
sleep disturbance’ and the ability to maintain prolonged 
periods of immobility distinguishes good sleepers from 
poor sleepers.” Our hypothesis was that preeclampsia 
is associated with poor sleep. The static charge—sensi- 
‘tive bed consists of equipment for continuous nonin- 
vasive and sensitive monitoring of motor activity during 
sleep. The current study was designed to evaluate ma- 
ternal sleep quality in preeclampsia and controls with 
the static charge—sensitive bed. 


Methods 


Nine preeclamptic and eight pregnant control sub- 
jects were studied (Table 1). Preeclampsia was defined 
according to the Committee on Terminology of the 
American College of Obstetricians and Gynecologists.“ 
Six patients had mild preeclampsia with blood pressure 
of =140/90 mm Hg on two separate occasions; five of 
them also had proteinuria. The remaining three pa- 
tients had severe preeclampsia with blood pressure ex- 
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ceeding 160/110 mm Hg and proteinuria (Table IT). 
These pregnancies had to be delivered prematurely 
because of progression of the disease, one at week 26 
and two at week 32 of pregnancy. The rest of the 
women with preeclampsia had term deliveries. The 
baby born in the twenty-sixth week of pregnancy died 
because of prematurity. The remaining neonates were 
healthy. 

The control subjects were normotensive and were 
hospitalized for elective caesarean section because of ' 
fetopelvic disproportion (four subjects), monitoring of 
blood glucose (two subjects), thrombophlebitis (one 
subject), and a threatening previous cesarean section 
scar rupture (one subject). All these pregnancies were 
carried to term without complications. 

The subjective quality of sleep was assessed with a 
questionnaire. The quality and latency of the sleep dur- 
ing the recording night were assessed with another 
questionnaire, which was filled in the morning after the 
recording. 

Nocturnal body movement activity was registered 
with a static charge-sensitive bed (Biomat, Biorec Inc, 
Turku). The static charge—sensitive bed contains a sen- 
sitive movement sensor placed under a special foam 
plastic mattress (Fig. 1). It allows continuous nonin- 
vasive monitoring of nocturnal motor activity and car- 
diorespiratory events; no electrodes are attached to the 
subject.” The sensor produces concomitant output on 
body movements, respiratory movements, and ballis- 
tocardiography. The information was recorded and . 
stored on an IBM PC-AT—compatible microcomputer. 
The recordings were done in a room allocated for this 
purpose in a regular hospital ward. The recording was - 
started when the subjects went to bed. The subjects 
were free to move and leave the bed during the night. 
The recording was terminaied when the subjects left 
the bed in the morning. 
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Fig. 1. Principle of static charge—sensitive bed recording. 


any electrodes attached to subject. 


The study was approved by the Committee of Ethics 
of the University of Turku and the University Central 
Hospital of Turku. 

We measured the body movement activity after the 
subject went to bed. The period analyzed included the 
time before falling asleep, the sleep period, and the 
awakening. Because the first hour of recording in- 
cluded a variable amount of wakefulness, the move- 
ment activity was separately analyzed for hours 2 
through 7. 

The frequency of body movements and the total 
movement time per hour were determined with soft- 
ware especially developed for analyzing the static 
charge~sensitive bed recordings. The movements were 
classified according to their duration into short move- 
ments (<10 seconds) and long movements (>10 sec- 
onds). In addition, the periodic movements in sleep 
were manually scored from the paper prints. Periodic 
movements in sleep was defined according to conven- 
tional criteria adapted for the static charge—sensitive 
bed, consisting of a series of four or more consecutive 
movements of short duration, with a time interval of 5 
to 90 seconds.’ 

The demographic data and the total nocturnal body 
movement activity were analyzed with the Mann-Whit- 
ney U test. The movement profiles of the two groups 
were tested with analysis of variance for repeated mea- 
sures with one grouping factor (preeclampsia or con- 
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Table I. Demographic data 





Preeclampsia | Control 
(n = 9) (n = 8) | Significance 
Age (yr) 
Mean 28.3 30.7 p = 0.56 
Range 20-34 26-39 
Gestational age 
(wk) 
Mean 34.7 36.5 p = 0.43 
Range 25-40 32-39 
Nulliparous 8 3 
(No.) 
Body mass in- 
dex (kg/m’) 
Mean 28.6 26.5 p = 0.25 
Range 24-34 22-30 


trol) and one within factor (hours 2 through 7). The 
results are given as mean + SEM. Statistical analyses 
were performed with the BMDP software.’ 


Results 


The subjective assessments of sleep quality on the 
recording night are summarized in Table III. Sleep 
complaints were infrequent in both groups. None of 
the mothers had a history of sleep apnea or somnam- 
bulism. Two preeclamptic mothers complained of teeth 
grinding during sleep, and three subjects (two in the 
preeclamptic group and one in the control group) re- 
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Table II. Blood pressure levels and amount of proteinuria in preeclampsia 







Maximum systolic 
blood pressure at 






Patient 


No. rest (mm Hg) rest (mm Hg) 
I 164 107 
2 -145 115 
3 156 101 
4 159 104 
5 166 108 
6 161 105 
7 * 200 122 
8 183 116 
9 177 117 


Maximum diastelic 
blood pressure at 











Maximum diurnal 
£ proteinuria 


Maximum proteinuria 
at single measure 


(gmiL) (gm/L) 
0 0 
1.2 3.8 

<0.1 1 
0.6 0.3 
= 0.9 
1.6 l 
1.9 2.3 
9.9 17.5 
5.2 0.9 


Subjects 1 to 6 were classified as having mild preeclampsia and 7 to 9 as having severe preeclampsia. 


Table OI. Subjective evaluation of sleep 
quality during recording night 


Preeclamptic Controls 
{n = 2) (n = 8) 
Falling asleep delayed 2 3 
Quality of sleep 
Better 2 0 
As usual 4 3 
Worse 3 5 
Short awakening 
Many times 5 5 
Once I 2 
Not at all 1 0 
Morning tiredness 3 0 


ported occasional snoring. Additionally, in two subjects 
(one from both groups) snoring had appeared during 
pregnancy. 

The duration of the static charge—sensitive bed re- 
cordings was similar in the preeclamptic patients 
(470.7 + 9.0 minutes) and control subjects (432.7 + 
23.0 minutes). The preeclamptic group left the bed 
more frequently than did the control group (1.8 vs 0.9 
times, p = 0.03) and stayed out of bed longer (9.2 vs 
3.0 minutes, p = 0.02). The total number of body 
movements per night was significantly higher in the 
preeclamptic group (211.3 + 15.3) than in the controls 
(153.6 + 22.1, p = 0.05). The total movement time in 
bed was 19.8 + 1.7 minutes in tke preeclamptic pa- 
tients and 12.3 + 1.6 minutes in zhe control subjects 
(p = 0.01). 

The nocturnal body movement profiles are pre- 
sented in Figs. 2 and 3. In both groups the frequency 
of body movements was highest during the first hour 
of recording (time effect p = 0.0001). To estimate the 
body movement activity during sleep, the mean fre- 
quency of body movements per hour and the hourly 
movement time were analyzed dur:ng hours 2 through 
7. The number of body movements per hour was 
higher (23.65 + 1.4 vs 16.60 + 2.7, p = 0.03) and the 
movement time was longer (136.15 s + 13.5 vs 81.92 


s + 13.6, p = 0.02) in the preeclamptic group than in 
the control subjects. 

To further characterize the movement disturbance 
in preeclampsia, the movement activity was evaluated 
by classifying the movements by duration. In the pre- 
eclamptic women the increased movement activity was 
preferentially recorded in the movements of long du- 
ration. The frequency of body movements lasting >10 
seconds was 6.8 + 0.8 per hour versus 4.7 + 0.5 per 
hour {p = 0.04), whereas the frequency of movements 
of short duration averaged 20.2 + 1.5 per hour among 
the preeclamptic group and 16.8 + 2.9 per hour in the 
control group (p = 0.25). 

Periodic movements in sleep were detected in two 
subjects in both groups. Indexes of periodic movements 
in sleep (number of periodic movements in sleep per 
hour of recording) were 5.0 and 7.6 in the two control 
subjects and 2.9 and 1.1 in the preeclamptic group. 


Comment 


Subjective sleep complaints are common during 
pregnancy. The sleep disturbances are often secondary 
to the inconvenience arising from an enlargening 
uterus, uterine contractions. and frequent urination. 
However, only a few studies have dealt with sleep in 
pregnancy. 

The current study suggests that preeclampsia Is as- 
sociated with other factors besides those pertaining to 
uterine size and contractions that impair sleep quality. 
The observed increase of total nocturnal movement 
time and total frequency of body movements in pre- 
eclampsia indicates that general sleep quality is im- 
paired and sleep is more fragmented in these patients 
than in women with nonhypertensive pregnancies of 
comparable durations. This could reflect dysfunction 
of the autonomic nervous system. Severe preeclampsia 
has previously been associated with changes in the func- 
tion of the autonomic nervous system.* ° Increased 
sympathetic activity may impede the vagotonia 
characteristic of normal sleep. In severe preeclamp- 


sia there is decreased nocturnal parasympathetic activ- 
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Fig. 2. Mean frequency of nocturnal body movements during hours 1 through 7 in preeclamptic 


women and pregnant controls. 


ity, as reflected in changes in the circadian blood 
pressure rhythm: Whereas blood pressure normally de- 
creases in sleep, this rhythm is reversed in severe pre- 
eclampsia and there is a nocturnal increase in blood 
pressure.'” '' A reduction in the dopaminergic activity 
of the central nervous system may also be involved in 
this change of the circadian blood pressure rhythm." 
Patients with severe preeclampsia are more susceptible 
to hypertensive crises at night, so it can be speculated 
that monitoring of nocturnal behavior could give useful 
information on severity of preeclampsia and might help 
to predict eclampsia. To verify this, a larger preeclamp- 
tic group than that in the current study is needed. 

Conventional sleep studies with nocturnal polysom- 
nography are laborious and therefore rarely per- 
formed during pregnancy. The static charge—sensitive 
bed has been developed for noninvasive sleep stud- 
ies.’* ° The major advantage of this method is that sleep 
recording can be performed in normal wards without 
any electrodes attached to the subject. Therefore sleep 
is little disturbed by the recording itself. 

The current study concentrated on measuring the 
body movement activity in bed. Body movements are 
often associated with arousals’* and are infrequent in 
deep sleep. Body movements in bed can be used as 
an index of sleep quality. Increased motility indicates 
poor sleep.’ At least three major types of body move- 
ments can be distinguished: short twitchlike movements 
of the extremities, minor organized postural shifts, and 
large postural changes.’ Although these major types 
cannot be completely distinguished by duration alone, 
the twitchlike movements of the extremities and peri- 
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Fig. 3. Individual movement time profiles in two groups 
studied. 


odic movements in sleep do not generally exceed 5 
seconds in duration, whereas the large postural changes 
often take 15 seconds or more. The number of body 
movements per night shows a remarkable stability.” 
The total number of body movements per night mea- 
sured by the static charge—sensitive bed in a healthy 
adult ranges from 80 to 200.’ In another study the sleep 
movements per hour averaged 17.0 and the mean 
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movement time per hour was 78.9 seconds." The noc- 
turnal motor activity of the pregnant control subjects 
in our study (16.6 movements per hour, 81.9 seconds 
per hour) was similar to that of nonpregnant adults in 
that earlier study. However, those authors’? studied 
both sexes, and it is known that men move significantly 
more during sleep than women; therefore our preg- 
nant control subjects probably move more in their sleep 
than the average adult does. 

The night of the sleep recording ranged from the 
first up to the seventh night after hospitalization. In 
two of nine preeclamptic worhen and in seven of eight 
controls the recording was done during the first night. 
Elective cesarean section was performed in four of eight 
control subjects the day after the recording. This might 
have disturbed the preceding night’s sleep and in- 
creased the movement activity. The static charge—sen- 
sitive bed may also detect fetal movements. Gestational 
ages were similar in both groups, so the fetal move- 
ments probably did not differ between groups. 

Normal term pregnancy has been associated with a 
longer sleep latency and greater number of awaken- 
ings, shorter actual sleep, and diminished deep sleep, 
when compared with postpartum period or nonpreg- 
nancy.’* *° Bonnet-Cadilhac et al.” found that during 
the second and third trimesters of pregnancy sleep is 
instable and is interrupted by numerous awakenings, 
movements, and changes of sleep stages during the 
night, when compared with early pregnancy, but no 
absolute values were presented. Our control subjects 
left bed as frequently as did the subjects in the study 
of Bonnet-Cadilhac et al. 

Periodic movements in sleep are short (duration <5 
seconds), repetitive, stereotypical leg movements, the 


incidence of which increases in pregnancy.” In our | 


study clinically significant periodic movements in sleep 
(>5%) were observed in only two control subjects. The 
increased movement activity in preeclampsia is there- 
fore not explained by a higher incidence of periodic 
movements in sleep. The number of postural shifts is 
probably increased in preeclampsia, because the dif- 
ferences were more pronounced in movements of long 
duration. 

If untreated, preeclampsia may proceed to eclamp- 
sia. Therefore it would be interesting to monitor the 
evolution of sleep disturbance from mild to severe pre- 
eclampsia. The current study has clearly demonstrated 
some characteristic changes in the sleep of preeclamptic 
‘women as compared with pregnant women of similar 
ages and gestational ages. Future studies may show 
whether the noninvasive static charge—sensitive bed 
method is useful for screening subjects with a high risk 
of eclampsia. 
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(metronidazole vaginal gel) 
0.75% Vaginal Gel 


Effective intravaginal Therapy 
For Bacterial Vaginosis 


Bacterial Vaginosis formerly known as: 
¢ Gardnerella vaginitis 
e Non-specific vaginitis 
e Haemophilus vaginitis 
e Corynebacterium vaginitis 


e Anaerobic vaginosis 
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MetroGel-Vaginal. 


(metronidazole vaginal gel) 
0.75% Vaginal Gel 


Demonstrated Microbiologic Activity 


Gram stains of vaginal secretions from bacterial vaginosis patient in clinical trial showed marked improvement after therapy. 
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Pre-treatment 2 weeks after treatment with MetroGel-Vaginal 
Clue cells and coccobacillary bacteria (consistent Clue cells are absent and a healthy population of 
with Gardnerella vaginalis and Bacteroides) are lactobacilli have returned to normal levels after 
readily apparent. Note absence of lactobacilli. 5 day BID treatment with MetroGel-Vaginal. 


- Significant reduction in bacterial vaginosis associated pathogens 
Gardnerella vaginalis, Bacteroides spp. and Mycoplasma hominis cultured from 
vaginal secretions of bacterial vaginosis patients were shown to be significantly 
reduced following MetroGel-Vaginal therapy. 


- Enhances normal and protective lactobacilli 
Clinical studies demonstrated a significant increase in the percent of patients with 


lactobacilli present after MetroGel-Vaginal therapy. Bacterial vaginosis patients 
usually have markedly reduced or absent lactobacilli. 
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Effective Intravaginal Therapy 
For Bacterial Vaginosis 


Demonstrated Clinical Efficacy 


MetroGel-Vaginal dramatically reduces all four clinical signs 
of bacterial vaginosis 
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Four Clinical Signs of Bacterial Vaginosis 


e Efficacy similar to oral metronidazole 
In three controlled clinical trials involving over 200 MetroGel-Vaginal treated patients, 
cure rates achieved with MetroGel-Vaginal were similar to those reported in large con- 
trolled trials of oral metronidazole. Direct comparative trials are not yet available.” 


Clue cells are the most sensitive and specific of the four clinical signs of bacterial vagi- 
nosis while discharge is the least sensitive and specific.‘ 

A clinical diagnosis of bacterial vaginosis is usually defined by the presence of a homo- 
geneous vaginal discharge that (a) has a pH greater than 4.5, (b) emits a "fishy" amine 
odor when mixed with a 10% KOH solution and (c) contains clue cells on microscopic 
examination. Gram's stain results consistent with a diagnosis of bacterial vaginosis 
include (a) markedly reduced or absent Lactobacillus morphology, (b) predominance of 
Gardnerella morphotype and (c) absent or few white blood cells. 

Other pathogens commonly associated with vulvovaginitis, e.g., Trichomonas vaginalis, 
Chlamydia trachomatis, N. gonorrhoeae, Candida albicans, and Herpes simplex virus 
should be ruled out. 
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Metro Gel-Vogindl. 


(metronidazole vaginal gel) 
0.75% Vaginal Gel 


Convenient 5 Day BID Dosing 


e One applicator full morning and nighttime 
e Supplied in 70 gram tube with vaginal applicator 


Excellent Patient Acceptance 


e Clear, water-based gel 
e Greaseless, odorless, fragrance free, non-staining 


Formulated at Normal Vaginal pH of 4.0 


e Vaginal pH of bacterial vaginosis patients is usually above 4.5 (4.5-6.5) 
e MetroGel-Vaginal is formulated at normal vaginal pH of 4.0 


1. Hillier SL, Lipinski C, Eschenbach DA. Efficacy of intravaginal metronidazole gel for the treatment of bacterial vaginosis 
Presented at the 9th Annual Meeting of the International Society for Sexually Transmitted Disease research, October 6-9, 1991; Banff, Alberta, 
Canada. Scientific poster 

2. McGregor JA, Livengood C. French JI. Intravaginal metronidazole ge! (0.75%) for bacterial vaginosis: results of a double- 
blind, randomized, placebo controlled trial. Presented at the 9th Annual Meeting of the International Society for Sexually Transmitted Disease 
research, October 6-9, 1991; Banff, Alberta, Canada. Scientific poster 

3. Lugo-Miro V, Green M, Mazur L. Comparison of different metronidazole therapeutic regimens for bacterial vaginosis: a 
meta-analysis. JAMA 1992: 268:92-95 


4 Thomason JL, et al. Statistical evaluation of diagnostic criteria for bacterial vaginosis. Am J Obstet Gynecol. 1990; 162: 155-160 
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Effective Intravaginal Therapy 
For Bacterial Vaginosis 


Excellent Safety Profile 


Low Incidence of Common Oral Metronidazole Side Effects 


e GI distress, nausea and unpleasant taste commonly reported with oral metronida- 
zole were minimal with MetroGel-Vaginal. 


e There were no reports of alcohol interaction in controlled clinical studies. However. 
since disulfiram-like reactions to alcohol have been reported with oral metronida- 
zole, the possibility of such a reaction occurring while on MetroGel-Vaginal therapy 
cannot be excluded. 


e Although MetroGel-Vaginal produces only minimal systemic levels of metronidazole 
and is therefore less likely to produce reactions seen with oral metronidazole, the 
possibility of MetroGel-Vaginal producing such reactions cannot presently be 
excluded. 


Minimal Systemic Absorption Compared to Oral Metronidazole 
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MetroGel-Vaginal produces only 2% of the mean peak serum 
concentration of a standard oral metronidazole dose 


Low Incidence of Candidal Overgrowth 


e MetroGel-Vaginal significantly increases vaginal lactobacilli 
e Lactobacillus is the predominant organism in the normal vagina and 
serves to maintain an acidic pH (3.8-4.2) which inhibits the growth of 
many vaginal pathogens 
e Lactobacilli are susceptible to many agents such as ampicillin and clindamycin 
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0.75% Vaginal Gel 


Effective Intravaginal Therapy for Bacterial Vaginosis 


Effective 
e Demonstrated clinical efficacy 


e Decreases Gardnerella vaginalis, Bacteroides 
and other bacterial vaginosis pathogens 


Excellent Safety Profile 
e Minimal systemic absorption 


e Minimal reports of GI upset and unpleasant taste 


Excellent Patient Acceptance 
e Greaseless, odorless, non-staining 


Enhances Lactobacilli 


e Enhances normal and protective lactobacilli 
— minimal candidal overgrowth 
e Formulated at normal vaginal pH of 4.0 


Convenient 5 Day BID Dosing 


Brief Summary 
Before prescribing please see full prescribing information 


Metro Gel-Vgindl. 


(metronidazole vaginal gel) 
0.75% Vaginal Gel 


FOR INTRAVAGINAL USE ONLY 
NOT FOR OPHTHALMIC. DERMAL, OR ORAL USE 


DESCRIPTION: 
METROGEL-VAGINAL is formulated at pH 4.0. Each applicator full contains 
37.5 mg of metronidazole 


CLINICAL PHARMACOLOGY: 

Following a single, intravaginal 5-gram dose of metronidazole vaginal gel to 
12 normal subjects, a mean maximum serum metronidazOle concentration of 
237 ng/mL was reported. This is approximately 2% of the mean maximum 
serum metronidazole concentration reported in the same subjects adminis- 
tered a single, oral 500-mg cose of metronidazole. 


INDICATIONS AND USAGE: 

METROGEL-VAGINAL is indicated in the treatment of bacterial vaginosis 
(formerly referred to as Haemophilus vaginitis, Gardnerella vaginitis, non- 
specific vaginitis, Corynebacterium vaginitis or anaerobic vaginosis). 


NOTE: 

For purposes of this indication, a clinical diagnosis of bacterial vaginosis is 
usually defined by the presence of a homogeneous vaginal discharge that (a) 
has a pH of greater than 4.5, (b) emits a “fishy” amine odor when mixed with 
a 10% KOH solution and (c) contains clue cells on microscopic examination 
Gram's stain results consistent with a diagnosis of bacterial vaginosis include 
(a) markedly reduced or absent Lactobacillus morphology, (b) predominance 
of Gardnerella morphotype and (c) absent or few white blood cells. 

Other pathogens commonly associated with vulvovaginitis, e.g.. Trichomonas 
vaginalis, Chlamydia trachomatis, N. gonorrhoeae. Candide albicans and 
Herpes simplex virus should be ruled out 


CONTRAINDICATIONS: 

METROGEL-VAGINAL is contraindicated in patients with a prior history of 
hypersensitivity to metronidazole, parabens, other ingredients of the formula- 
tion or other nitroimidazole derivatives. 


WARNINGS: 

Convulsive Seizures and Peripheral Neuropathy: 

Convulsive seizures and peripheral neuropathy, the latter characterized 
mainly by numbness or paresthesia of an extremity. have been reported in 
patients treated with oral metronidazole. The appearance of abnormal neuro- 
logic signs demands the prompt discontinuation of metronidazole vaginal gel 
therapy. Metronidazole vaginal gel should be administerec with caution to 
patients with central nervous system diseases 
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Psychotic Reactions: 

Psychotic reactions have been reported in alcoholic patients who were using 
oral metronidazole and disulfiram concurrently. Metronidazole vaginal gel 
should not be administered to patients who have taken disulfiram within the 
last two weeks 


PRECAUTIONS: 

General: 

Patients with severe hepatic disease metabolize metronidazole slowly 
Accordingly, for such patients, metronidazole vaginal gel should be adminis- 
tered cautiously. Known or previously unrecognized vaginal candidiasis may 
present more prominent symptoms during therapy with metronidazole vaginal 
gel 

Disulfiram-like reaction to alcohol has been reported with oral metronidazole, 
thus the possibility of such a reaction occurring while on metronidazole vagi- 
nal gel therapy cannot be excluded. METROGEL-VAGINAL contains ingredi- 
ents that may cause burning and irritation of the eye 


Drug Interactions: 

Oral metronidazole has been reported to potentiate the anticoagulant effect 
of warfarin and other coumarin anticoagulants, resulting in a prolongation of 
prothrombin time. 


Drug/Laboratory Test Interactions: 

Metronidazole may interfere with certain types of determinations of serum 
chemistry values, such as aspartate aminotransferase (AST,SGOT), alanine 
aminotransferase (ALT, SGPT), lactate dehydrogenase (LDH), triglycerides, 
and glucose hexokinase. Values of zero may be observed 


Carcinogenesis, Mutagenesis, Impairment of Fertility: 

Metronidazole has shown evidence of carcinogenic activity in a number of 
studies involving chronic, oral administration in mice and rats but not in stud- 
ies involving hamsters. These studies have not been conducted with metron- 
idazole vaginal gel 0.75%, which would result in significantly lower systemic 
blood levels than those obtained with oral formulations. 

Although metronidazole has shown mutagenic activity in a number of in vitro 
asSay systems, studies in mammals (in vivo) have failed to demonstrate a 
potential for genetic damage. 

Fertility studies have been performed in mice up to six times the recommend- 
ed human vaginal dose (based on mg/m?) and have revealed no evidence of 
impaired fertility 


Pregnancy: Teratogenic Effects 

Pregnancy Category B 

There has been no experience to date with the use of METROGEL-VAGINAL 
in pregnant patients. Metronidazole crosses the placental barrier and enters 
the fetal circulation rapidly. No fetotoxicity or teratogenicity was observed 
when metronidazole was administered orally to pregnant mice at six times 
the recommended human vaginal dose (based on mg/m?); however, in a sin- 
gle small study where the drug was administered intraperitoneally, some 
intrauterine deaths were observed. The relationship of these findings to the 
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drug is unknown. There are, however, no adequate and well-controlled stud- 
ies in pregnant women. Because animal reproduction studies are not always 
predictive of human response, and because metronidazole is a carcinogen in 
rodents, this drug should be used during pregnancy only if clearly needed 


Nursing Mothers: 

Specific studies of metronidazole levels in human milk following intravaginally 
administered metronidazole have not been performed. However, metronida- 
zole is secreted in human milk in concentrations similar to those found in 
plasma following oral administration of metronidazole. 

Because of the potential for tumorigenicity shown for metronidazole in mouse 
and rat studies, a decision should be made whether to discontinue nursing or 
to discontinue the drug, taking into account the importance of the drug to the 
mother 


Pediatric Use: 
Safety and effectiveness in children have not been established 


ADVERSE REACTIONS: 

Adverse experiences reported in clinical trials involving 295 patients consid- 
ered related, probably related or possibly related to METROGEL-VAGINAL 
were primarily genitourinary and gastrointestinal. Genitourinary reports were 
vaginal candidiasis (6.1%); vaginal, perineal or vulvar itching (1.4%); urinary 
frequency, vagina! or vulvar burning or irritation, vaginal discharge (not Can- 
dida) and vulvar swelling: each at an incidence of <1%. Gastrointestinal 
reports were cramps/pain (abdominal/uterine) (3.4%), nausea (2.0%), metal- 
lic or bad taste (1.7%) and constipation, decreased appetite and diarrhea, 
each at an incidence of <1%. Increased/decreased white blood cells (1.7%), 
dizziness, headache, lightheadedness and rash were noted, each at an inci- 
dence of <1%. 


Other Metronidazole Formulations: 

Although lower systemic blood levels of metronidazole are seen compared to 
500 mg of oral metronidazole, the possibility of adverse reactions like those 
seen with oral metronidazole cannot be excluded presently. Oral metronida- 
zole has produced cardiovascular, central nervous system, gastrointestinal, 
genitourinary, hematopoietic, hypersensitivity and renal reactions 


DOSAGE AND ADMINISTRATION: 
The recommended dose is one applicator full of METROGEL-VAGINAL 


(approximately 5 grams containing approximately 37.5 mg of metronidazole) 
intravaginally twice daily for 5 days. The medication should be applied once 
in the morning and once in the evening 


HOW SUPPLIED: 

METROGEL-VAGINAL (metronidazole vaginal gel) is supplied in a 70 gram 
aluminum tube and packaged with a 5 gram vaginal applicator. NDC number 
is 55326-200-25 


Caution: Federal law prohibits dispensing without a prescription. 
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Studies of connexin 43 and cell-to-cell coupling in cultured 


human uterine smooth muscle 


Nobuyoshi Sakai, MD, PhD, Thomas Tabb, MD, and Robert E. Garfield, PhD 


Galveston, Texas 


OBJECTIVE: The aim of this study was to assess the presence and the permeability of gap junctions 


between human uterine smooth-muscle cells in culture. 


STUDY DESIGN: The uterine smooth muscles obtained from term-pregnant women were cultured. The 
presence of gap junction was evaluated by immunocytochemistry with gap junction protein antibodies and 
by measuring input resistance and intercellular spread of lucifer yellow. These measures also evaluated 
the permeability of gap junctions. Octanol, isoproterenol, dibutyryl cyclic adenosine monophosphate and 
forskolin were applied to the cultures to assess their effects on the permeability of gap junctions. 
RESULTS: During culture, immunocytochemical staining of gap junction protein (connexin 43) was 
increased and input resistance was decreased on day 2 of culture versus day 21 (18.4 + 7.87 MQ day 2; 
3.8 + 1.76 MQ, day 21; p < 0.001). However, the decrease in input resistance was related to cell density 
rather than time in culture (16.4 + 5.01 MQ, single cells on days 1 and 2; 5.3 + 2.35 MQ, high-density 
cultures on days 1 and 2; p < 0.001). Octanol increased input resistance and intercellular spread of lucifer 
yellow in confluent cultures; isoproterenol, dibutyryl cyclic adenosine monophosphate, and forskolin did 


not. 


CONCLUSIONS: The increased staining of connexin 43 and the decreased input resistance during culture 
are evidence of elevated number of gap junctions between cells. The rapid and reversible increase in input 
resistance and decrease in spread of lucifer yellow by octanol are the result of decreased permeability of 
gap junctions. These two methods of modulation of gap junctions in human uterine smooth muscles are 
thought to be major mechanisms for the control of uterine contractility. (Am J OBSTET GYNECOL 


1992:167:1267-77.) 


Key words: Cultured human uterine smooth muscle, immunocytochemistry, 
electrophysiology, cell-to-cell coupling, presence and permeability of gap junctions 


Gap junctions develop in large numbers and sizes 
between smooth-muscle cells of the uterus before labor 
in many species.' The presence of uterine smooth-mus- 
cle gap junctions is thought to be regulated by changes 
in steroid hormones and prostaglandins that precede 
labor.’ These gap junctions are also shown to be con- 
trolled by variations in their permeability according to 
alterations in intracellular Ca**, cyclic adenosine 
monophosphate (cAMP), and other means.** Control 
of the presence of gap junctions is believed to occur in 
hours and involves protein synthesis and degradation 
of the junctions, whereas regulation of gap junction 
permeability is believed to be a rapid process that re- 
quires seconds to minutes and consists of a confor- 
mational change in the state of the gap junction pro- 
teins.' Gap junctions are cell-to-cell contacts that allow 
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direct communication between neighboring cells and 
sites for electric and metabolic communication.’ Be- 
cause uterine contractility is dependent on the propa- 
gation of action potentials between uterine smooth 
muscles, the modulation of either the presence or the 
permeability of gap junctions is of primary importance 
in regulation of uterine contractile activity. 

Previous studies have shown that gap junctions also 
exist in the human uterine smooth muscles. Gap junc- 
tions are present between uterine smooth muscles not 
only in pregnant women at term," but also in nonpreg- 
nant women under some conditions during the men- 
strual cycle.” On the other hand, gap junctions are also 
known to be present in cultured rat uterine smooth 
muscles.* '° Cultures of human uterine smooth muscles 
have been prepared and used to study various aspects 
of the muscle.'' However, there have been no reports 
of gap junctions between cultured human uterine 
smooth muscles, and there are no electric or metabolic 
(i.e., dye transfer) studies on coupling between these 
muscles, 

Recently, the gap junction has been identified as a 
homologous group of proteins that form the intercel- 
lular channels.'* The gap junction protein in the uterus 
is the same as that present in the heart with a molecular 
weight of 43 kd; therefore this protein has been termed 
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connexin 43. Antibodies to connexin 43 have been 
prepared and used for immunocytochemistry to local- 
ize gap junctions on cardiac and uterine muscles in 
intact tissues.'* 3 However, these antibodies have not 
been used in studies of intact or cultured human uter- 
ine smooth muscles. 

The aims of our study were to determine (1) the 
presence of gap junctions between cultured human 
uterine smooth muscles with immunocytochemistry by 
using antibodies to the gap junction proteins and (2) 
to assess cell-to-cell coupling with intracellular micro- 
electrode techniques. Our study demonstrates the pres- 
ence of gap junctions and the improved coupling be- 
tween muscle cells during growth in culture. The re- 
sults also indicate that the permeability of gap junctions 
between the cultured cells can be modulated after spe- 
cific forms of treatment. 


Material and methods 


Small segments (approximately 2 x 2 x 0.5 cm) of 


pregnant myometrium from the superior aspect of the 
lower uterine incision were excised from women un- 
dergoing elective cesarean section. The operations were 
performed at term (37 to 39 weeks of gestation) before 
the onset of labor. Our study was approved by the in- 
stitutional review board, and informed consent was ob- 
tained from each woman. The myometrial strip was 
immediately placed in physiologic saline solution and 
stored at 4° C until used for the culture preparation. 
Cell culture. Each strip of myometrium was cut into 
small pieces with scissors and washed three times in 
Hanks’ balanced salt solution (HBSS; Gibco Laboratory, 
St. Lawrence, Mass.), buffered to pH 7.4 with 25 
mmol/L N-2-hydroxyethylpiperazine-N '-2-ethane-sul- 
fonic acid (HEPES; Sigma Chemical Co., St. Louis). The 
myometrial pieces were then placed in enzyme solution 
composed of HBSS, 0.1% collagenase (Type IV, Wor- 
thington Biochemical Corp., Freehold, N.J.), 0.02% de- 
oxyribonuclease I (Type IV, Sigma), 0.01% protease 
(Type I, Sigma), 0.01% trypsin (Type I, Sigma), 
1% antibiotic-antimycotic solution (Sigma), and 25 
mmol/L HEPES (pH 7.4) and incubated at 37° G far 
10 minutes with shaking. The tissue pieces in the en- 
zyme solution were centrifuged at 20g for 5 minutes, 
and the supernatant was discarded and replaced with 
the fresh enzyme solution. The tissue pieces were in- 
cubated under the same conditions for an additional 
10 minutes. During this incubation period the tissue 
pieces were gently broken up by drawing the mixture 
slowly through a large-bore siliconized pipette. This 
procedure was continued for 30 seconds every 3 min- 
utes. The mixture was then centrifuged at 20g for 5 
minutes, and the supernatant was removed and saved. 
Fresh enzyme solution was added to the remaining 
pieces, and the process was repeated (X3). The com- 
bined supernatant solution containing free smooth- 
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muscle cells was centrifuged at 430g for 10 minutes. 
The cell pellet was washed (x2) in growth medium 
composed of Eagle’s minimum essential medium 
(Gibco), 10% fetal bovine serum (Gibco), 2 mmol/L 
L-glutamine (Sigma), and 1% antibiotic-antimycotic so- 
lution (Sigma). Aliquots of the suspension were plated 
at 3 to 5 X 10' viable cells/ml onto a 22 mm’ glass 
coverslip, either placed in a 35 mm Petri dish for the 
immunocytochemical study or glued under a hole in 
the center of the Petri dish bottom for the electro- 
physiologic and dye injection studies. Cells were kept 
at 37° C in an incubator with 5% carbon dioxide and 
air. The growth medium was exchanged every 2 to 3 
days. To prepare the subcultures (secondary cultures), 
cells of the primary cultures after confluence (> 1 week) 
were freed from dishes with calcium-magnesium—free 
HBSS (Gibco) supplemented with 0.05% trypsin (type 
I, Sigma) and 0.053 mmol/L ethylenediaminetetraace- 
tic acid (pH 7.4), and plated in other Petri dishes at the 
same density as the primary cultures. 
Immunocytochemical staining. The affinity-puri- 
fied rabbit antibodies to connexin 26 and connexin 43 
from rat liver and heart gap junctions, respectively, 
were used for immunocytochemical staining. At se- 
lected times of culture each coverslip was transferred 
to a glass Petri dish and rinsed in phosphate buffered 
saline solution (x2). To permeabilize cells, coverslips 
were dipped into 50% acetone solution (1:1 dilution 
with 100% ethanol) for a few seconds (X 4) and rinsed 
in phosphate-buffered saline solution (X 2). Then cells 
on the coverslip were incubated in a blocking solution 
(3% bovine serum albumin [Sigma] and 1% Triton-X- 
100 [Sigma] in phosphate-buffered saline solution) for 
30 minutes at room temperature and rinsed in phos- 
phate-buffered saline solution (2 X 10 minutes each). 
The primary antibody (1: 250 dilution with phosphate- 
buffered saline solution) against connexin 26 or con- 
nexin 43 was placed on the cells, which were then in- 
cubated overnight at 4° C. The next day the coverslips 
were rinsed in phosphate-buffered saline solution 
(6 x 10 minutes each), and a fluorescein isothiocya- 
nate—labeled secondary antibody (goat antirabbit IgG, 


Jackson Immunoresearch Laboratories, West Grove, 


Pa., 1: 200 dilution with phosphate-buffered saline so- 
lution) was applied to the cells, which were then in- 
cubated for 1 hour at room temperature. After rinsing 
in phosphate-buffered saline solution (6 x 10 minutes 
each), 1 to 2 drops of mounting medium (0.2% p-phen- 
ylenediamine [Sigma], 50% glycerol, and 0.05 mol/L 
sodium carbonate [pH 9]) were placed on each cover- 
slip. Coverslips were mounted onto glass slides with the 
cell side down and viewed under a light microscope 
(Zeiss, Axioplan, Oberkochen, Germany) with epiflu- 
orescence and filters for maximum fluorescein isothio- 
cyanate fluorescence. 

Electrophysiology. The growth medium in the cul- 
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ture dishes was replaced with modified Tyrode’s so- 
lution composed of 135 mmol/L sodium chloride, 5 
mmol/L potassium chloride, 1 mmol/L magnesium 
chloride, 1.8 mmol/L calcium chloride, 5.6 mmol/L 
glucose, 10 mmol/L HEPES and 0.05% gelatin (pH 7.4) 
for electrophysiologic and dye injection studies. Glass 
microelectrodes filled with 3 mol/L potassium chloride 
(60 to 100 MQ) were inserted into a single cultured cell 
during observation with an inverted microscope (Ernst 
Leitz, Wetzlar, Germany) equipped with a heating stage 
(37° C) and phase-contrast optics. Membrane potential 
and input resistance were measured during cell im- 
palements.*® '® Input resistance reflects the combined 
resistance of the junctional membrane, the nonjunc- 
tional membrane, and the cytoplasm. Resistance of the 
nonjunctional membrane is much higher than resis- 


tance of the junctional membrane, and resistance of 


cytoplasm is almost equal to 0 Q. Because changes in 
both resistance of the nonjunctional membrane and 
resistance of cytoplasm under conditions of these ex- 
periments are thought to be very small, any alteration 
in cell coupling resistance (resistance of the junctional 
membrane) is indicated by a modulation in input re- 
sistance. During impalement of the bridge-balanced 
electrode into a cell, input resistance was determined 
by dividing the voltage deflection (hyperpolarization) 
by an inward current (0.5 nA, 200 msec/sec) generated 
from a stimulator (Grass Instrument, Quincy, Mass.). 
The values of membrane potential and input resistance 
were accepted if the electrode potential and resistance 
returned to baseline after removal from the cell. 

Fluorescent dye injection. A 3% solution of lucifer 
yellow (Sigma) was prepared for injection in 1% lithium 
chloride buffered to pH 7.6 with 10 mmol/L HEPES. 
Microelectrodes were used with resistance of 150 to 200 
MQ when filled with the lucifer yellow solution. During 
impalement of the electrode into a cell, lucifer yellow 
was injected with hyperpolarizing (inward) current (5 
to 50 nA, 200 msec/sec). The injection was stopped 
immediately after the first several current pulses; the 
spread of lucifer yellow from the source cell to neigh- 
boring cells was monitored under the inverted micro- 
scope with epifluorescence. Lucifer yellow injection was 
terminated if the membrane potential markedly de- 
polarized. All experiments for electric recording 
and dye injection were completed within 1 to 1.5 
hours, with the Tyrode’s solution replaced every 30 
minutes. 

Drug treatments. All drug treatments were con- 
ducted by exchanging the Tyrode’s solution surround- 
ing the tissues with the same solution mixed with the 
following agents: octanol (1.2 mmol/L) (Sigma), iso- 
proterenol (107° mol/L) (Sigma), dibutyryl adenosine 
3',5'-cyclic monophosphate (db-cAMP) (5 x 10°! 
mol/L) (Sigma), and forskolin (107° mol/L; Sigma). 
Drug treatment was continued for 15 minutes; then the 
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medium was rapidly exchanged twice with Tyrode's 
solution (washing). 

Statistics. Results for the electric measurements are 
expressed as mean + SEM, obtained by combining all 
values of membrane potential or input resistance from 
impaled cells of cultures in each group. A one-way anal- 
ysis of variance was used for comparisons of values 
among groups of different cell densities, or among con- 
trol, drug-treated, and washing groups. An unpaired 
Student ¢ test was used to examine significant differ- 
ences between groups. In some cases the Mann-Whit- 
ney U test was used between groups with <10 samples. 
p Values in results and figures were calculated by the 
Student / test unless otherwise indicated. 


Results 


Freshly dissociated uterine smooth-muscle cells ap- 
peared round and required 24 to 48 hours to attach to 
the glass coverslip in the Petri dish. The attached cells 
flattened and formed ribbon-shaped, spindles, or mul- 
tipolar cells (10 to 25 wm in width by 100 to 300 um 
in length). Proliferating cells grew to confluence within 
about a week, and monolayer or multilayer cells oc- 
cupied 100% of the area of the culture dish by about 
2 weeks. 

Immunocytochemical localization with the gap junc- 
tion protein antibodies in cultured human uterine 
smooth muscles is demonstrated in Fig. 1. At early times 
(day 2) in culture, grouped cells showed bright and 
punctate spots of fluorescence, with the connexin 43 
antibody at contacts between adjacent cells in a distri- 
bution consistent with the expected localization of gap 


junctions (Fig. 1, A); single cells lacked staining (Fig. 


1, B). In high-density cultures obtained after 2 weeks, 
abundant staining was observed with the anticonnexin 
43 (Fig. 1, C), indicating an enormous amount of con- 
nexin 43 protein and gap junction between the cultured 
cells, with increasing cell contact and cell number. How- 
ever, no specific staining with the connexin 26 (rat liver 
gap junction protein) antibody was found in any times 
of culture (Fig. 1, D). 

To evaluate the electric properties of cultured cells, 
we measured the membrane potential and input resis- 
tance first in the primary cultures. The effect of time 
in culture on membrane potential and input resistance 
is demonstrated in Fig. 2. The initial membrane po- 
tential of —22.2 + 6.20 mV (number of impale- 
ments = 20) recorded on day 2 in culture was gradually 
hyperpolarized to —48.0 + 5.02 mV (16) by day 21. 
Input resistance, initially as high as 18.4 + 7.87 MQ 
(day 2), was markedly decreased during the first several 
days and reached a plateau (3.0 to 5.1 MQ) by about 1 
week. Fragile cells or faulty impalements were not in- 


volved in the measurements because low values of 


membrane potential were not linked with low values of 
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Fig. 1. Immunocytochemical localization of gap junction protein in cultures of term-pregnant human 


uterine smooth muscles with epifluorescence for fluorescein isothiocyanate staining with antibodies 
to gap junction protein. Scale bars in A and B represent 10 pm; those in C and D represent 100 
um. A, Grouped cells in low-density culture obtained on day 2 in culture. Bright and punctate spots 
of fluorescence with connexin 43 antibody is evident at contact between adjacent cells. B, Single cell 
observed in same culture as A. Note absence of any punctate-type stainings as compared with grouped 
cells shown in A. C, High-density culture obtained on day 14 in culture. Note abundance of staining 
with connexin 43 antibody. D, High-density culture obtained on day 14 in culture. Note no staining 


with connexin 26 antibody. 
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input resistance, which would result from cell damage 
or a low-resistance seal around the microelectrode. 
Morphologic features of the cultures (initially round 
cells and multilayer after confluence) and their electric 
properties (relatively hyperpolarized membrane poten- 
tial in later periods of culture, approximately — 50 mV; 
Fig. 2) suggest that the cells are predominantly smooth 
muscles and not fibroblasts. 

In the subcultures after trypsinization, membrane 
potential was hyperpolarized and input resistance was 
decreased in a fashion roughly similar to that found in 
the primary cultures (data not shown). Again, input 
resistance reached a plateau (3.4 to 6.3 MQ) by about 
l week in culture. In both primary and secondary cul- 
tures the marked changes in input resistance were ob- 
served until cell confluence occurred (within 1 week); 
then the lowered input resistance remained unchanged 
(plateau after 1 week). Therefore the decrease in input 
resistance during culture might be related to cell con- 
tact and cell density rather than time in culture. 

To investigate this further we measured membrane 
potential and input resistance of cultured cells inde- 
pendently from four different density groups (single 
cell, 2 to 5 cells, cells after confluence, and early high- 
density culture) and applied an, octanol, uncoupling 
agent to these cultures. Isolated single cells and cells 
grouped with 2 to 5 cells (2-to-5-cell group) were ob- 
tained on days | to 2 in culture, and cells after conflu- 
ence were obtained on days 5 to 9. Early high-density 
cultures were produced by plating about 10° cells in 
the center of a glass coverslip in the Petri dish without 
extensive dispersion and used for electric measure- 
ments 24 to 48 hours after plating. 

The effect of cell density and octanol on membrane 
potential of cultured cells is shown in Fig. 3. There 
were significant (p < 0.001 by analysis of variance) dif- 
ferences in membrane potential among groups of four 


different cell densities. The membrane potential of 


single cells (—24.9 + 4.51 mV [31]) was the same 
(p = 0.182) as that of the 2-to-5-cell group 
(— 23.5 + 3.80 mV [30]). However, the membrane po- 
tential of cells after confluence (— 32.6 + 4.32 mV [34]) 
was significantly hyperpolarized compared with either 
that of the single-cell group (p < 0.001) or the 2-to-5- 
cell group (p < 0.001). The early high-density culture 
(—41.8 + 6.20 mV [22]) showed further hyperpolari- 
zation (p< 0.001 for comparisons with any other 
groups). Immediate application of octanol (1.2 
mmol/L) (within 60 seconds) depolarized membrane 
potential to values of — 20.7 to — 29.6 mV in all groups, 
and this change was unrelated to cell density. At 10 
minutes after washing, the membrane potential re- 
turned to the control values recorded before applica- 
tion of octanol in all groups. 
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Fig. 2. Changes in membrane potential and input resistance 
of term-pregnant human uterine smooth muscles during first 
3 weeks of primary culture. Each mean value was obtained 
from 10 to 20 impaled cells. Solid circles, Mean values of mem- 
brane potential; open circles, mean values of input resistance; 
bars, SEM. 


Fig. 4 demonstrates that input resistance of cells 
was decreased with increasing cell density. There were 
significant (p < 0.001 by analysis of variance) differ- 
ences in input resistance among these four groups. In- 
put resistance of the 2-to-5-cell group (11.7 + 5.60 MQ 
[30]) was significantly (p = 0.001) lower than that of 
the single-cell group (16.4 + 5.01 MQ [31]); further 
lowered values of input resistance were observed in cells 
after confluence (6.0 + 2.08 MQ [34], p < 0.001 for 
comparison with either the single-cell group or the 2- 
to-5-cell group) and in early high-density culture 
(5.3 + 2.35 MQ [22], p< 0.001 for comparison with 
either the single-cell group or the the 2-to-5-cell group). 
Input resistance of single cells was not significantly 
(p = 0.337 by analysis of variance) changed by appli- 
cation of octanol (18.0 + 8.47 MQ [21]) and after wash- 
ing (15.1 + 3.45 MQ [15]). However, the input resis- 
tance of the other three groups were immediately and 
significantly (p < 0.001 for all three groups) increased 
by octanol (the 2-to-5-cell group, 18.2 + 7.04 MQ [33]; 
cells after confluence, 11.9 + 3.54 MQ [22]; early high- 
density culture, 17.9 + 5.44 MQ [10]). These high val- 
ues of input resistance returned to the control values 
after washing, suggesting that the effect of octanol was 
rapid and completely reversible. 

To determine whether elevated intracellular cAMP 
concentration had an influence on junctional commu- 
nication between the cultured human uterine smooth 
muscles, isoproterenol (107° mol/L), db-cAMP (5 x 
10°" mol/L), or forskolin (10°° mol/L) was ap- 
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Fig. 3. Effects of cell density and octanol on membrane potential of cultured cells obtained from 
term-pregnant human uterine smooth muscles. Height of bars represents mean values + SEM from 
10 to 34 impaled cells. Day in parentheses represents time of measurements after plating. Measure- 
ments were made before and during octanol treatment and after washing. Pairwise comparisons 
with Student’s ¢ test give the following: one asterisk, significantly different (p < 0.05) from single-cell 
group; two asterisks, significantly different (p < 0.05) from 2-to-5-cell group; three asterisks, significantly 
different (p < 0.05) between control and octanol-applied groups; four asterisks, significantly different 
(p < 0.05) between groups after confluence and in early high-density culture. 
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Fig. 4. Effects of cell density and octanol on input resistance of cultured human uterine smooth 
muscles. Height of bars represents mean values + SEM from 10 to 34 impaled cells. Day in parentheses 
represents time of measurements after plating. Student's ¢ test comparisons: one asterisk, significantly 
different (p < 0.05) from single-cell group; two asterisks, significantly different (p < 0.05) from 2-to- 
5-cell group; three asterisks, significantly different (p < 0.05) between control and octanol-applied 
groups. 
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Fig. 5. Effect of isoproterenol (10° mol/L) on membrane potential (A) and input resistance (B) of 
cultured human uterine smooth muscles. Data are presented as mean values (bars, SEM) from 5 to 
20 impaled cells. /nserted days represent times of measurements after plating. Measurements were 
made before (Cont.) and during isoproterenol treatment (/so.) and after washing (Wash). Student's 
t test or Mann-Whitney U test comparisons: one asterisk, significantly different (p < 0.05) between 


control and isoproterenol-applied groups. 
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Fig. 6. Effect of db-cAMP (5 x 10~* mol/L) on membrane potential (A) and input resistance (B) of 
cultured human uterine smooth muscles. Data are presented as mean values (bars, SEM) from 5 to 
14 impaled cells. Inserted days represent times of measurements after plating. Measurements were 
made before (Cont.) and during db-cAMP treatment (cAMP) and after washing (Wash). Student’s ¢ 
test or Mann-Whitney U test comparisons: one asterisk, significantly different (p < 0.05) between 


control and db-cAMP~—applied groups. 


plied to the cells at various times in culture. On the 
whole, these three agents tended to hyperpolarize 
membrane potential. Significant changes (hyperpolar- 
ization) in membrane potential were observed at most 
times in culture (isoproterenol on day 5 (p = 0.010) 
and day 12 (p = 0.008; Fig. 5, A); db-cAMP on day 8 
(p < 0.001) and day 18 (p = 0.009, Fig. 6, A); forskolin 


on day 7 (p = 0.002) and day 15 (p < 0.001). However, 
none of these agents changed input resistance at any 
time in culture (Fig. 5, B, and 6, B). 

The metabolic coupling between cultured cells was 
explored by injecting lucifer yellow into cells. In this 
experiment cultures were used after confluence (=day 
7 in culture). When lucifer yellow was injected into a 
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Table I. Number of cultured human uterine 
smooth muscle cells* tested for intercellular 
spread of lucifer yellow 


No 
Spread? spreadt 












Drug Percentage 





treatment of spread 
Control 44 0 100 
Octanol (1.2 0 14 O§ 
mmol/L) 
Washing out 14 0 100 
octanol 
Isoproterenol 1] 0 100 
(107° 
mmol/L) 
db-cAMP 17 2 89 
CESU 
mmol/L) 
Forskolin 5 0) 100 
(10° 
mmol/L) 





*Obtained after cell confluence (days 7 to 14 in culture). 


+Both injected cell and at least one neighboring cell were 
detectable within 60 seconds after injection. 


tOnly an injected cell was detectable at 60 seconds after 
injection. 

§Significantly different (p < 0.05) from control group by 
x° test or Fisher exact test. 


cell with the first 2 to 3 current pulses, the dye im- 
mediately revealed the outline of the injected cell as a 
elongated spindle. In all cases of injection to control 
cells (n = 44), adjacent cells also became visible within 
several seconds after the illumination of the source cell 
(Table I, Fig. 7, A and B), suggesting the existence of 
intercellular pathways for the lucifer yellow tracer (1.e., 
gap junctions). During application of octanol, lucifer 
yellow was similarly detectable in an injected source cell. 
However, no adjacent cells were detectable in all 
(n = 14) at 1 minute (Table I) and in most cases even 
>5 minutes after injection (Fig. 7, C and D), indicating 
that the intercellular pathway of lucifer yellow was 
blocked. The effect of octanol on lucifer yellow spread 
was completely reversed by washing (Table I). This 
blocking effect could not be observed during applica- 
tion of isoproterenol, db-cAMP, or forskolin. 


Comment 


Isolated cells from term-pregnant human uterine 
smooth muscle show that immunocytochemical staining 
of connexin 43 appears not in single cells but between 
grouped cells with a localization consistent with gap 
junctions and their increase during culture. Moreover, 
direct measurement of the electric resistance in cul- 
tured cells demonstrates a large decrease with cell pro- 
liferation and contact. The decrease in input resistance 
directly indicates the improvement of electric coupling 
between the cultured cells. The site of the coupling and 
low electric resistance is thought to be the gap junctions. 
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Therefore the increased staining of connexin 43 and 
the decreased input resistance provide evidence that 
cell-to-cell coupling between human uterine smooth 
muscles is dramatically improved during culture by the 
elevated number of gap junctions. On the other hand, 
confluent cultures reveal rapid and reversible increases 
in input resistance and decreaes in lucifer yellow trans- 
fer after application of octanol. These results indicate 
that octanol reduces both electric and metabolic cou- 
pling between the cultured cells and that this change 
is completely reversible and has a very short time scale 
(seconds to minutes for both onset and offset) com- 
pared with the alteration in junctional number. These 
studies suggest two modes of modulation of gap junc- 
tion coupling between smooth-muscle cells of human 
myometrium during culture such as also occur in intact 
tissues,° one regulating their presence and the other 
their permeability. 

Previous studies with the electron microscope have 
identified gap junctions between smooth-muscle cells 
of intact myometrial preparations obtained from hu- 
man beings* and other mammals! at term. The func- 
tional studies have also demonstrated the improved 
coupling after the increase in the presence of gap junc- 
tions in intact myometrial preparations of some spe- 
cies.}*®!16 In culture, however, the identification of gap 


junctions between uterine smooth muscles has been 


made only in the rat.* '° There have been no studies 
on gap junctions between human uterine smooth mus- 
cles with antibodies of junctional protein either in intact 
tisues or in cultures. To our knowledge, this is the first 
report that shows formation of gap junctions and 
change in coupling between human uterine smooth 
muscles in culture. 

We first evaluated the change in input resistance on 
different days in culture. Input resistance of the 2-to- 
5-cell group was lower than that of the single-cell group 
and that in early high-density cultures was further 
lower in spite of similar conditions and culture ume 
(days 1 to 2). As shown by immunocytochemical stain- 
ing with the connexin 43 antibody, there were no gap 
junctions in the single-cell group (Fig. 1, B). So input 
resistance was effectively equal to the high value of 
nonjunctional membrane resistance of the injected cell. 
In contrast, the 2-to-5-cell group showed gap junction 
staining (Fig. 1, A), and the low value of junctional 
membrane resistance significantly affected the decrease 
in input resistance. Moreover, the extremely low value 
of input resistance in high-density culture came from 
the enormous numbers of gap junctions (Fig. I, C). 
These results support the concept that the values of 
input resistance of cultured cells are more closely de- 
pendent on cell density rather than time in culture. 
Assuming that the values of input resistance adequately 
represents the number of gap junctions between cul- 
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Fig. 7. Fluorescence micrographs of cultured human uterine smooth muscles at confluence (day 14 
in culture) injected with fluorescent probe lucifer yellow. Scale bar in A represents 50 um. All four 
figures (A through D) are same magnification. A, 1 minute after injection of lucifer yellow into 
a cell of control group. Lucifer yellow fluorescence spreads extensively and is visible in many neigh- 
boring cells. B, Phase-contrast micrograph of field in A. C, 5 minutes after injection of lucifer yellow 
into another cell during application of 1.2 mmol/L octanol. Lucifer yellow is detectable in only 
injected cell. D, Phase-contrast micrograph of field in C. 


tured cells, the plateau of input resistance after cell 
confluence (3.0 to 5.1 MQ and 3.4 to 6.3 MQ after 1 
week in primary cultures and subcultures, respectively) 
implies improved electric coupling and the maximal 
number of gap junctions between cells under the cul- 
ture conditions. On the other hand, input resistance in 
early high-density culture (5.3 MQ on 1 to 2 days) was 
already as low as such values of input resistance at the 
plateau. These data indicate that the number of gap 
junctions in early high-density culture is similar to their 
maximal number in our normal primary and secondary 
cultures plated at lower density, suggesting that cul- 
tured human uterine smooth muscles are intrinsically 
capable of producing gap junction contacts very rapidly 
(i.e., within hours), thereby improving coupling after 
cell contact. Gap junctions were generally present in all 


cultures prepared from the uterine smooth muscles of 


term-pregnant women, whereas their presence in intact 
myometrial tissues as restricted to pregnant women at 
term” or nonpregnant women under some conditions.’ 


In vivo it is suggested that the changes in levels of 


steroid hormones and prostaglandins are responsible 


for regulation of the development of gap junctions be- 
tween rat uterine smooth muscles: estrogen stimulating 
and progesterone inhibiting the formation of gap junc- 
tions.” In human beings it is not known what mech- 
anisms regulate gap junction formation. However, the 
cell culture system offers many advantages for studies 
of this area in the future. 

The change in the presence and function of gap junc- 
tions has been demonstrated in this study. Especially 
significant are the observations after application of oc- 
tanol. This alcohol is reported to decrease junctional 
permeability by decreasing the pore size of gap junc- 
tions, thereby resulting in uncoupling between cells.” 
In this study dramatic effects of octanol on input re- 
sistance were found in grouped cells with gap junctions, 
but not in single cells where no gap junctions exist and 
where input resistance effectively equals resistance of 
the nonjunctional membrane. Octanol appeared to 
have no measurable effects on resistance of the non- 


junctional membrane in either single or grouped cells 


and acted predominantly on resistance of the junctional 
membrane in grouped cells. This comparison empha- 
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sizes that octanol evidently acts on the permeability of 
gap junctions. Moreover, the quick change in input 
resistance of grouped cells at both application of and 
recovery from octanol also indicates that gap junction 
permeability can be rapidly and reversibly regulated 
because such a rapid action cannot be explained by 
change in gap junction number. 

Application of octanol also changed (depolarized) 
membrane potential of cultured cells without any re- 
lationship to the cell density of cultures. The depolar- 
ization of membrane potential by octanol has been also 
shown in other types of cultured cells, but not all." 
However, it is unlikely that the change in nonjunctional 
membrane properties or depolarization itself is re- 
sponsible for the decreased input resistance during ap- 
plication of octanol as observed in this study. In our 
study spread of lucifer yellow was completely blocked 
by octanol application. This finding also suggests that 
the principal action of octanol in cultured human uter- 
ine smooth muscles is on coupling via gap junctions 
because diffusion of this large molecular probe (mo- 
lecular weight of lucifer yellow: 457) through non- 
junctional membrane should not occur in living cells. 

We used isoproterenol, db-cAMP, and forskolin to 
investigate whether elevated intracellular cAMP con- 
centration had an influence on junctional communi- 
cation between cultured human uterine smooth-muscle 
cells. Although the site on which each agent acts is 
different, all of these agents are known to elevate cAMP 
in the uterine smooth muscle and then to inhibit spon- 
taneous activity of pregnant myometrium.” ”* Previ- 
ously, Cole and Garfield” showed that the rate of dif- 
fusion of radiolabeled 2-deoxy-glucose between cells 
was significantly reduced by elevated cAMP in intact 
myometrial tissue from the delivering rat. Additionally, 
recent study has demonstrated that input resistance was 
increased and that the spread of lucifer yellow was 
blocked by elevated cAMP in intact rat and human 
myometrial tissues.” ° These studies indicate that both 
electric and metabolic coupling between smooth-muscle 
cells of intact myometrium can be decreased by cAMP 
because of the reduction of junctional permeability and 
suggest that this reduced permeability would limit the 
spread of electric activity, prevent excitation, and thus 
promote relaxation in vivo. 

In contrast to intact tissues, neither isoproterenol, 
db-cAMP, nor forskolin changed electric and metabolic 
coupling between human uterine smooth muscles dur- 
ing culture. The exact reasons the effect of these agents 
on gap junction permeability has been lost in the culture 
are unknown. However, the loss of either receptors to 
the agents (i.e., isoproterenol—B-adrenoceptor, forsko- 
lin—adenylate cyclase) or the inability to stimulate 
cAMP can be excluded because hyperpolarization of 
membrane potential (another effect of elevated cAMP) 
was still observed. Therefore the absence of another 
step involving cAMP, such as phosphorylation of junc- 
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tional protein by cAMP-dependent kinase,” is con- 
ceivable. 

In our study membrane potentials of cultured uter- 
ine smooth muscles gradually hyperpolarized and 
reached their final values of —48.0 mV by 3 weeks. 
The hyperpolarization of membrane potential during 
culture has been reported in other types of smooth- 
muscle cells.” However, the process regulating the ex- 
tent of hyperpolarization during culture is not obvious. 
The final values of membrane potential are consistent 
with the values in smooth-muscle cells of intact myo- 
metrial preparations obtained from term-pregnant 
women.® The low value of membrane potential in early 
stages of culture may come from the immaturity of 
cultured cells, and hyperpolarization may be associated 
with redifferentiation and maturation to restore the 
membrane potential to the values characteristic of 
in vivo values. 

The increased number and permeability of gap junc- 
tions in vivo would lead the current to spread smoothly 
throughout the uterus, promote electric and contractile 
synchrony in the uterine smooth muscle, and result in 
coordinated contractions of the uterus. Therefore the 
appearance and improved permeability of gap junc- 
tions preceding or during labor may be necessary for 
the generation of powerful contractions in the uterus 
and termination of pregnancy. Especially in species 
where a relatively high number of gap junctions exist 
even before labor, such as sheep, guinea pigs and hu- 
mans,'* '® the modulation of junctional permeability 
may be a more important mechanism both physiolog- 
ically and pharmacologically for regulation of uterine 
contraction at term. 

The culture model system offers many advantages 
for further study of the mechanisms regulating gap 
junctions in the human uterine smooth muscles. The 
two methods of modulation of gap junctions are con- 
firmed to be present in cultured human uterine smooth 
muscles. However, details of the systems that regulate 
the presence and permeability of gap junctions are still 
unclear. Although changes in steroid hormones and 
prostaglandins during pregnancy are thought to reg- 
ulate their presence and conductance in vivo,™” there 
appear to be differences between intact and cultured 
cells. Further studies with the cell culture model are 
needed to fully understand the control mechanism of 
gap junctions in the uterine smooth muscle, especially 
under different hormonal conditions. 


We thank Ms. Debbie Merrett and Ms. Mary Byam- 
Smith for technical assistance and Dr. Elliott Hertzberg 
for the connexin 43 antibody used in these studies. 
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Reversal of fetal distress by emergency in utero decompression 


of hydrothorax 


Laurent Mandelbrot, MD,* Marc Dommergues, MD, Marie-Cécile Aubry, MD, 


Philippe Mussat, MD,” and Yves Dumez, MD* 


Paris, France 


OBJECTIVE: The purpose of our study was to determine whether in utero pleural decompression can 
improve abnormal cardiotocograms resulting from compressive fetal hydrothorax. 

STUDY DESIGN: We reviewed all cases of fetal hydrothorax referred to our level 3 fetal medicine unit. 
Highly pathologic cardiotocographic findings were observed in four third-trimester patients. All had 
mediastinal compression that resulted in skin edema on the upper part of the body. Prenatal therapy was 
performed on an emergency basis, two with thoracocentesis and two with pleuroamniotic catheters. 
RESULTS: One patient went into intractable bradycardia on arrival in the department and died in spite of 
immediate thoracocentesis. The other three recovered, with normal heart rate patterns after pleural 


decompression. 


CONCLUSION: Emergency prenatal therapy may reverse fetal distress in utero, allowing time for delivery 
of uncompromised infants if possible after a complete evaluation of nonimmune hydrops. (Am J OBSTET 


GYNECOL 1992;167:1278-83.) 


Key words: Fetal hydrothorax, fetal distress, thoracocentesis, pleuroamniotic shunting 


Prenatal therapy of fetal hydrothorax has been re- 
ported with either thoracocentesis'* or chronic pleural 
drainage.** An improvement in perinatal survival has 
been suggested but has not been demonstrated because 
of (1) the lack of controls and (2) the possibility of a 


spontaneous favorable outcome,” '’ including cases of 


spontaneous in utero disappearance of pleural effu- 
sions.“ "was 

Nevertheless, without therapy the fetal and neonatal 
mortality in prenatally diagnosed hydrothorax is nearly 
50%. In cases with fetal hydrops, the mortality has been 
found to be as high as 100%"; however, among 13 
previously published cases of hydropic fetuses man- 
aged with thoracoamniotic shunting,’ '* '* eight sur- 
vived. Reversal of hydrops after in utero decompres- 
sion has been documented.” > 

Although spontaneous intrauterine fetal demise has 
been reported in fetuses with hydrothorax,'”'’ previous 
publications have made little mention of cardiotoco- 
graphic findings. We report four cases of hydrothorax 
with evidence of fetal distress for which prenatal de- 
compression was performed. 
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Case reports 


Case 1. A 24-year-old primigravid woman was re- 
ferred at 35 weeks’ gestation for evaluation of bilateral 
fetal pleural effusions. Routine ultrasonographic ex- 
amination at 27 weeks had shown no abnormality. At 
33 weeks ultrasonographic examination was repeated 
because of moderate uterine distention. Bilateral hy- 
drothoraces and mild ascites were discovered without 
skin edema. The placental width was normal, and no 
morphologic abnormality was found. A week later skin 
edema had appeared exclusively on the upper half of 
the body. Cordocentesis and diagnostic thoracocentesis 
were performed at a level III center near the patient's 
home; the test results showed a normal karyotype 
(46,XX), mild thrombocytopenia (104, 000/mm#*), nor- 
mal venous blood gases, no evidence of viral infection, 
and pleural lymphocytosis (98%). Primary chylothorax 
was suspected, and the patient was referred to our cen- 
ter for pleuroamniotic shunting. Cardiotocography was 
reactive before referral. 

At admission (35 weeks) the patient had polyhy- 
dramnios, a voluminous bilateral hydrothorax, mild as- 
cites, and generalized skin edema predominating on 
the upper half of the body measuring 27 mm on the 
anterior thoracic wall. Doppler velocimetry of the um- 
bilical artery showed an absent end-diastolic velocity. 
During ultrasonographic examination fetal heart rate 
fell from 120 to 80 beats/min. A cardiotocogram was 
immediately recorded; it showed persistent bradycar- 
dia <80 beats/min (Fig. 1). Emergency decompression 
was attempted by bilateral ultrasonographically guided 
thoracocentesis. A total of 140 ml of fluid was removed 
from the right pleura and 90 ml from the left side. 
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Fig. 1. Case 1, 35 weeks’ gestation. Persistent bradycardia at time of referral. Paper speed 
l cm/min. 


Cardiac arrest followed a few minutes later. After in- 
duction of labor a 2450 gm stillborn girl was delivered. 
Pathologic examination showed no morphologic ab- 
normality except fetal hydrops. 

Case 2. A 31-year-old primigravid woman had an 
uneventful pregnancy after induction with clomiphene 
citrate. Ultrasonographic scans at 17.5 and 26 weeks 
showed no abnormalities. The patient was admitted to 
the maternity department at 35.5 weeks with preterm 
labor and clinically evident polyhydramnios. The car- 
diotocogram was completely nonreactive, with de- 
creased variability and late decelerations (Fig. 2, A). 
Ultrasonography confirmed the presence of polyhy- 
dramnios and lack of fetal movements and showed a 
bilateral pleural effusion predominating on the right 
side with mediastinal compression and pericephalic and 
thoracic skin edema measuring 18 mm. Placental thick- 
ness was normal, no structural abnormality was ob- 
served, and fetal growth was normal. 

Emergency decompression (at 1 AM) of the right hy- 
drothorax was performed with a 20-gauge needle un- 
der ultrasonographic guidance. A total of 230 ml of 
clear, yellowish fluid was removed, and samples were 
stored for examination. Immediately after decompres- 
sion the cardiotocogram became reactive (Fig. 2, B) and 
fetal movements resumed. Intravenous salbutamol was 
administered to allow time for a more thorough 
diagnostic workup. Ten hours later pleural fluid 
had partially reaccumulated, with no sign of fetal dis- 
tress. A second decompression of 100 ml was per- 
formed, as were cordocentesis and amniocentesis. Be- 
cause of considerable uterine distention, 1000 ml of 
amniotic fluid was removed. Another 10 hours later 
preterm labor resumed and tocolysis was stopped, re- 
sulting in the spontaneous delivery of a 3260 gm boy. 
Intubation and mechanical ventilation were started im- 
mediately, and 115 ml of fluid was removed from the 
right pleura. Pleural drainage was maintained for 2 


days and ventilation for 5 days. The results of the pre- 
natal workup showed a normal karyotype (46,XY), 
pleural lymphocytosis (91%), and no evidence of viral 
infection. Parenteral nutrition was pursued for 48 days. 
The infant was then discharged from the neonatal in- 
tensive care unit with a medium-chain triglyceride diet. 
A case of congenital primary chylothorax was sus- 
pected. 

Case 3. A 28-year-old, gravida 3, para 1 woman was 
referred at 32.5 weeks for management of a bilateral 
hydrothorax. Uterine distention had appeared at 29 
weeks, and an ultrasonographic scan at 31.5 weeks had 
shown severe polyhydramnios, bilateral pleural effu- 
sion, and skin edema on the upper half of the body. 
No morphologic abnormality was observed. At the time 
of referral, fetal movements had nearly ceased and the 
cardiotocogram was completely nonreactive with de- 
creased variability (Fig. 3, A). A pleuroamniotic shunt 
was placed at the same time diagnostic procedures were 
performed. Cordocentesis showed a normal karyotype 
(46,XY), and the pleural fluid showed moderate lym- 
phocytosis (53%). 

A double-pigtail Rocket catheter was placed in each 
pleura according to the technique of Rodeck et al., 
allowing chronic drainage into the amniotic cavity. The 
cardiotocogram rapidly became normal (Fig. 3, B). 
Drainage was effective, with only a slight residual ef- 
fusion and decreased skin edema at follow-up ultra- 
sonographic examination. The mother went into pre- 
mature labor at 34.5 weeks and gave birth to a 2500 
gm boy. He was intubated and placed on mechanical 
ventilation for 9 days, had postnatal pleural drainage 
for 5 days, and exclusive parenteral nutrition for 3 days, 
followed by a medium-chain triglyceride diet. He was 
discharged at 2 postnatal months with suspected pri- 
mary congenital chylothorax. 

Case 4. This 29-year old primigravid woman was 
referred at 31 weeks for evaluation of nonimmune fetal 
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Fig. 2. Case 2, 35.5 weeks. A, Nonreactive pattern with decreased variability and late decelerations. 
B, Normal cardiotocogram 5 hours later after thoracocentesis. 


hydrops. Routine ultrasonographic scans at 20 and 22.5 
weeks had shown no morphologic abnormalities. She 
was initially seen with polyhydramnios and signs of pre- 
mature labor at 31 weeks. Ultrasonographic examina- 
tion showed bilateral pleural effusions, ascites, and skin 
edema on the upper half of the body. The placental 
width was normal. The femoral length was at the 3rd 
percentile, and the fetal face was poorly examined be- 
cause of the skin edema; the lateral cerebral ventricles 
appeared slightly enlarged, measuring 10 mm on the 
standard biparietal diameter view. The umbilical Dopp- 
ler waveform was normal. The cardiotocogram was 
nonreactive, with decreased variability and late decel- 
erations (Fig. 4, A). 

Emergency decompression was performed at mid- 
night by placing bilateral pleuroamniotc shunts. An- 
other double-pigtail catheter was placed in the fetal 
abdomen for drainage of ascites. Follow-up cardioto- 
cogram showed progressive improvement, with beat- 
to-beat variations and a nearly normal reactivity (Fig. 


4, B). The proper position of the three catheters and 
effective drainage of both pleurae and peritoneum was 
demonstrated by ultrasonography with slight residual 
effusions. However, there was persistant skin edema. 
Cordocentesis was performed 3 days later and showed 
a normal karyotype (46,XY), eosinophilia (>2 SD of 
normal), and elevated ‘y-glutamyl transpeptidase with- 
out detectable a-interferon. In spite of intravenous sal- 
butamol, the patient went into premature labor and 
had premature rupture of membranes at 32 weeks. She 
gave birth to a 1700 gm boy. Postnatal examination of 
the infant revealed a complex dysmorphic syndrome, 
diagnosed as being an Opitz trigonocephaly syndrome 
(C syndrome). The infant died on day 3. 


Comment 

Cardiotocographic findings have not been reported 
in most of the literature on fetal hydrothorax.'* The 
cases we describe document that severe fetal pleural 
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Fig. 3. Case 3, 32.5 weeks. A, Nonreactive pattern with decreased variability. B, Normal cardioto- 
cogram 6 days later after bilateral pleuroamniotic shunting. 


effusions can be responsible for fetal distress and in- 
dicate that severely altered cardiotocogram patterns 
can be reversed in utero by emergency pleural de- 
compression. 

The cases presented had common features: (1) 


marked skin edema predominating on the upper half 


of the body, (2) polyhydramnios, and (3) large pleural 
effusions. Such a pattern supports the hypothesis that 
the upper vena cava and mediastinum were com- 
pressed by pleural effusions, resulting in polyhydram- 
nios, fetal edema and, finally, fetal distress. 

Our first case illustrates that cardiotocogram alter- 
ations can occur rapidly and lead to a premortem stage 
at which prenatal therapy is no longer effective. In the 
three other fetuses pathologic cardiotocograms were 
identified at an earlier stage and the fetal heart rate 
showed immediate or progressive improvement after 
emergency in utero decompression. 


Prenatal therapy is an alternative to prompt cesarean 
delivery in cases of fetal distress associated with com- 
pressive hydrothorax. In utero decompression has two 
potential advantages over immediate delivery of se- 
verely compromised fetuses. First, postponing delivery 
allows a complete evaluation when it has not already 
been performed. Even when ultrasonographic findings 
suggest primary hydrothorax, pleural effusions may 
result from other causes of hydrops requiring specific 
and urgent therapy, such as in utero transfusion for 
severe fetal anemia. Primary hydrothorax is most often 
a prenatal expression of chylothorax; however, this di- 
agnosis can be confirmed only postnatally. Chylothorax 
itself carries an association with chromosome abnor- 
malities, mostly Turner’s and Down’s syndrome, for 
which perinatal management may be quite different. 
Chylothorax may also be caused by a variety of con- 
ditions, such as generalized lymphangiectasis or Noon- 
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Fig. 4. Case 4, 31 weeks. A, Nonreactive cardiotocogram with decreased variability and late decel- 
erations. B, Improved pattern 5 days later after bilateral pleuroamniotic shunting and drainage of 


ascites. 


an’s syndrome. However, differential diagnosis be- 
tween primary and secondary hydrothorax may be dif- 
ficult, as is illustrated by case 4. A polymalformative 
complex was suspected on the basis of short femurs 
and slightly enlarged lateral ventricles; however, C syn- 
drome, which is not classically associated with pleural 
effusions, was not considered until the postnatal 
period. 

A second potential advantage of performing de- 
compression before delivery could be an improvement 
in postnatal management. Resuscitation of stabilized, 
nonhydropic infants may be less hazardous than it is 
for neonates born with severe hydrops and acute dis- 
tress. Larger studies would be necessary to demonstrate 
this benefit. 

Pleural decompression can be achieved by thoraco- 
centesis or by pleuroamniotic shunting. Thoracocen- 
tesis is technically simple and can be a life-saving emer- 


gency procedure; however, the effusions tend to reac- 
cumulate rapidly. In case 2 repeated thoracocentesis 
did not allow sufficient time to obtain results from pre- 
natal evaluation but did allow for vaginal birth without 
acute peripartum fetal distress. Thus thoracocentesis 
may be useful in the late third trimester followed by 
prompt delivery before the fluid reaccumulates. Such 
management would be most appropriate in fetuses who 
have already had diagnostic procedures before the on- 
set of fetal distress. 

Pleuroamniotic shunting is more invasive but has the 
advantage of a potentially long-lasting effect.” It may 
therefore be indicated early in the third trimester (cases 
3 and 4) and when fetal distress occurs before thorough 
biologic evaluation. For patients who are initially re- 
ferred in a compromised state, pleuroamniotuc shunt- 
ing should be performed rapidly along with a complete 
diagnostic evaluation. 
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Our observations highlight the importance of careful 
surveillance of fetal well-being during the third trimes- 
ter in patients with ultrasonographic evidence of me- 
diastinal compression. Fetal distress in such patients 
may appear rapidly and unpredictably and can be re- 


versed in utero by emergency percutaneous de- 


compression. 
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Serum collagenase levels in relation to the state of the human 
cervix during pregnancy and labor | 


Lena M. Granström, MD, Gunvor E. Ekman, PhD, Anders Malmström, PhD, 


Ulf Ulmsten, PhD,‘ and J. Fredrick Woessner, Jr., PhD* 
Danderyd, Uppsala, and Lund, Sweden, and Miami, Florida 


OBJECTIVE: The purpose of our study was to investigate the role of collagenase in the cervical ripening 


_ and dilatation process in term pregnancy, 


STUDY DESIGN: Serum samples were ootained from nonpregnant women (n = 5) and term-pregnant 
women. The term-pregnant women were sither admitted for elective cesarean section or labor induction 
(unfavorable cervix, n = 19; favorable cervix, n = 12) or in spontaneous, active labor (stiff and inelastic 
cervix, n = 7; soft compliant cervix, n = 8). Statistical analysis was performed with the Student t test. 
RESULTS: The nonpregnant women had low serum collagenase levels (5.2 + 0.7 pg collagen 

digested per minute per 100 ml serum, mean + SEM). At term but before labor, women with unripe 

. cervices had higher collagenase levels (10.3 + 0.9). The women with ripe cervices had even higher serum 
collagenase levels (22.9 + 4.2; p < 0.001). During labor, women with stiff and inelastic cervices had Icwer 
serum collagenase levels compared with women with soft and compliant cervices (12.9 + 1.7 vs 


28.0 + 4.2; p < 0.01). 


CONCLUSION: Serum collagenase during ripening at term and in active labor increases, supporting its 
active role in the ripening process. (AM J OssTeT GYNECOL 1992;167:1284-8.) 


Key words: Cervical ripening, connective-tissue remodeling, serum collagenase 


Cervical ripening in term pregnar.cy is clinically rec- 
ognized as the scftening and dilatation of the cervix; 
it constitutes a prerequisite for uncomplicated labor 
and delivery.’ This ripening process requires an exten- 
sive remodeling and reorganization of the cervical con- 
nective-tissue framework that is accompanied by a de- 
crease of the collagen concentraticn to 30% of that 
found in the nonpregnant state.2 Kokenyesi and 
Woessner’ have postulated that in the rat a changed 
ratio of proteoglycans to collagen may modulate the 
softening of the cervix. Marked changes are noted in 
the proteoglycans of the human cervix regarding con- 
centration, composition, and turnover, resulting in a 
changed collagen-proteoglycan interplay." 

- Elevated levels of collagenase and collagenolytic ac- 
tivity have been measured in cervical biopsies from 
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term-pregnant women, indicazing that collagenase may 
play an active role in the cervical ripening process.® ° 
On the other hand, collagenase activity is not elevated 
in the dilating rat cervix, and the decrease in collagen 
concentration can be shown to be the result of an in- 
crease in noncollagen components rather than of an 
absolute loss of collagen.’ Therefore it is possible that 
several different mechanisms in women cooperate ‘to 
produce cervical softening and dilatation. 

In a recently published investigation we have shown 
that the connective tissue of not only the uterine cervix 
but also the fundus and the isthmus uteri undergoes 
similar ripening processes during pregnancy and par- 
turition.® | 

'In pathologic conditions such as premature labor, 
cervical dilatation is accompanied by an increase in se- 
rum collagenase around the onset of labor.’ This in- 
direct evidence suggests that the serum collagenase may 
originate from the cervix and the lower uterine seg- 
ment. However, it remains unclear as to whether the 
increased serum collagenase levels correlate with early 
stages of cervical ripening or whether they originate 
from later stages of ripening induced by or accompa- 
nying active labor. To answer this question we quan- 
titated serum collagenase before onset of labor. and 
during active labor in women with either unfavorable 
or favorable cervices to investigate possible correlations 
between the serum collagenase levels and the clinically 
assessed softness of the cervix. 
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Table I. Clinical data on 31 term-pregnant women 
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Group 


A B C D 
(n = 19) (n = 12) (n = 7) (n = 8) 


Mean age (vr) 28.2 
Range 25-45 
Mean parity 1.5 
Range 0-3 

Mean gestational age (wk) 38.9 
Range 37-42 
Mean cervical score (p)/consistency 2.5 
Range 1-5 


31.6 24.8 283 
23-42 21-85 22-38 
1.4 0.1 0.1 
1-3 0-1 0-1 
39.9 39.4 39.0 
38-42 37-40 38-40 
6.7 Stiff Soft 
6-8 


Group A, Women with unripe cervices; group B, women with favorable cervices; group C, women with inelastic cervices; group 


D, women with soft cervices. 


Material and methods 


Patients. This study was approved by the Local Ethics 
Committee of the Karolinska Hospital. All women gave 
informed consent. Serum samples were collected and 
stored frozen at ~ 20° C until assayed. Patient data are 
summarized in Table I. Group A comprised 19 term 
pregnant women admitted for elective cesarean section 
or elective induction. All had unripe cervices, and none 
displayed myometrial contractions. Group B consisted 
of 12 term-pregnant women with favorable cervical 
states on admission. The time for collection of blood 
samples was immediately before elective cesarean sec- 
tion or induction of labor. Labor was induced in each 
case with intravenous infusion of oxytocin according to 
a schedule described previously.* All women in groups 
A and B were examined by the same two doctors (L.G. 
and G.E.), who always worked closely together; there 
was neglectable interphysician variation in the cervical 


scoring. A modified Bishop score was used, in which 0 


to 2 points were given for each of the five elements: 
position of the cervix, consistency, length, dilatation, 
and station of the head; the maximum score possible 
was 10. A score of <6 was considered unfavorable.’ 
Women in active labor as assessed by both patient his- 
tory and cardiotocography were excluded. Groups C 
and D included 15 women at term in spontaneous, 
active labor for 4 to 16 hours who had cervical dilatation 
of 3 to 10 cm. Seven of these patients had stiff and 
inelastic cervices (group C) and eight had soft and com- 
pliant cervices (group D) as assessed by midwives who 
had no information about the collagenase data or the 
anticipated outcome. 

Methods. The collagenase assay has been described 
earlier by Rajabi et al.” The serum samples were treated 
to destroy inhibitors by means of dialysis for 6 hours 
at room temperature against 3 mol/L potassium thio- 
cyanate in an assay buffer consisting of 50 mmol/L Tris 
hydrochloride, pH 7.5, containing 0.2 mol/L sodium 
chloride, 10 mmol/L calcium chloride, 0.02% sodium 


w 


azide, and 0.05% Brij-35, followed by dialysis for 18 
hours against 100 volumes of assay buffer. Amino- 
phenylmercuric acetate was added to activate latent col- 
lagenase, and 1,10-phenanthroline was added to pro- 
vide blanks. The samples were incubated for 20 hours 
at 30° C. One unit of collagenase is defined as the 
amount of enzyme digesting 1 wg of tritiated telopep- 
tide-free rat skin collagen in 1 minute at 30° C. An 
internal standard of serum from a normally cycling 
woman was always included. 


Results 


The nonpregnant women had very low serum colle- 
genase levels (5.2 + 0.7 wg collagen digested per min- 
ute per 100 ml serum, mean + SEM). The levels in 
term pregnancy (groups A and B) were considerably 
higher. At term but before onset of labor, women with 
unripe cervices with mean cervical scores of 2.5 (group - 
A) had low but significantly higher serum collagenase 
levels compared with the nonpregnant women 
(10.3 + 0.9 ug collagen digested per minute per 100 
ml of serum; Fig. 1). The women with ripe cervices and 
mean cervical scores of 6.7 (group B) had even higher 
serum collagenase levels (22.9 + 4.2 wg collagen di- 
gested per minute per 100 ml serum, p < 0.001; Fig. 1). 
The variability in serum collagenase levels was consid- 
erably larger in the women with ripe cervices. 

Two categories of women in active labor were char- 
acterized with regard to serum collegenase levels, that 
is, those with stiff and inelastic cervices (group C) and 
those with soft cervices (group D). The serum colla- 
genase level was only slightly higher in group C than 
in women with unripe cervices, group A (12.9 + 1.4 vs 
10.3 + 0.9 ug collagen digested per minute per 100 ml 
serum, not significant), in spite of the fact that the 
women in group G were in active labor. However, the 
women in active labor with soft cervices (group D) 
showed much higher serum collagenase levels 
(28.0 + 4.2 ug collagen digested per minute per 100 
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p < 0.001 p < 0:01 


Fig. 1. Serum collagenase levels expressed as micrograms of collagen digested per m:nute per 100 
ml serum in 5 nonpregnant women, 19 women with unripe cervices (group A), 12 women with ripe 
cervices (group B), and 15 women in labor, 8 of whom had inelastic (group C) and 7 soft cervices 
(group D). All values are mean + SEM; p < 0.01 and p < 0.001, Student’s ¢ test. 


Collagenase 
(ug of collagen released/min/100 mi of serum) 
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Cervical dilatation (cm) | 


Fig. 2. Serum collagenase levels (micrograms of collagen digested per minute per 10G ml serum) in 
correlation to cervical diatation during active labor in seven women with inelastic cervices (triangle, 
r = 0.314) and 8 womer. with soft cervices (circle, r = 0.212). 
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ml serum, p< 0.01; Fig. 1); in fact, these were the 
highest levels observed in any of the groups. In this 
group (D) of women in active labor with soft cervices 
the collagenase levels did not, however, correlate with 
the extent of dilatation (Fig. 2); similarly, no correlation 
was found in group C or in the two groups combined, 
nor did the serum collagenase levels correlate with la- 
bor and delivery time in either group alone or com- 
bined. However, as might be expected, the eight women 
with soft cervices had an average delivery time of 
13.8 + 2.1 hours compared with 20.8 + 3.9 for the 
seven women with inelastic cervices.’° 


Comment 


The spontaneous cervical ripening process charac- 
terized clinically as a softening and dilatation of the 
cervical canal is of utmost importance for a normal 
spontaneous onset and outcome of labor." 

Collagen fibrils are the main tensile component of 
the cervix, and there is no way that the cervix can open 
unless the collagen is somehow reorganized. The phys- 
iology of the ripening process is not understood in de- 
tail, but it is clear that the collagen concentration is 
decreased by 70% over the course of pregnancy.’ It is 
not clear to what extent this decrease 1s caused by an 
increased synthesis of the noncollagenous components 
during cervical growth, a degradation of preexisting 
collagen, or both factors. There is, however, a consid- 
erable change in the degree of organization of the col- 
lagen fibers from the nonpregnant state to term, as 
measured by x-ray diffraction, microscopy, and colla- 
gen solubility." 

For the extensive remodeling of the cervical collagen, 
the involvement of collagenase activity would be ex- 
pected. However, only small changes of collagenase in 
serum were noted during the slow remodeling process 
that takes place during pregnancy even as late as 7 days 
before delivery.’ This raises questions as to the role of 
collagenase with respect to the cervical ripening. Pos- 
sibly the ripening takes place in several stages: first, a 
prolonged early stage involving a slower accumulation 
of collagen than of noncollagen cervical components, 
with a possible increased turnover of collagen. This 
process may be followed by a second stage in which 
there is rapid collagenolytic action as an immediate 
preparation for onset and continuation of labor. The 
present data support this because the women at the end 
of term only had low levels of serum collagenase unless 
the cervix was almost fully ripened. The highest levels 
were in fact found in women in active labor who had 
softened cervices (group D). In contrast to our findings, 
Osmer et al. registered active collagenase directly 
from the cervix only when dilatation had reached 6 to 
8 cm, which correlates with the appearance of 
polymorphonuclear leukocytes in the intrapartum cer- 


Serum collagenase during ripening 1287 


vix.'* Therefore it is important to determine the na- 
ture of the collagenase in the cervix at this stage because 
fibroblast and leukocyte collagenase are known to be 
distinct gene products.” 

Earlier we showed that there is a twofold to fivefold 
increase in the turnover of proteoglycans in the cervix, 
resulting in changes in the proteoglycan pattern of the 
tissue and also in a changed relation of collagen to 
proteoglycan.’ This altered ratio might explain the 
changes in the fibrillar organization noted in the cervix 
at term as proposed by Kokenyesi and Woessner.’ 
These observations agree with the concept that remod- 
eling of the cervix takes place through a changed turn- 
over and reorganization of extracellular matrix com- 
ponents suggesting that the final remodeling step takes 
place through a proteolytic attack on collagen during 
the latent phase of labor (cervical dilatation 1 to 4 cm). 

We found no correlation between the serum colla- 
genase levels during labor and the time required for 
delivery. However, women with inelastic cervices had 
distinctly lower serum levels of collagenase (12.9 units) 
and an average labor delivery time of 20.8 hours, 
whereas those with soft cervices had higher collagenase 
levels (28 units) and an average labor delivery time of 
only 13.8 hours. 

Further analyses of collagenase levels in serum and 
in cervical and uterine biopsy samples obtained at 
various stages of cervical ripening and dilatation just 
before and during -active labor will be needed to in- 
crease our understanding of the collagenase role in the 
cervical ripening process. 
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Genetic offspring in patients with vaginal agenesis: Specific 


medical and legal issues 


Frances R. Batzer, MD,” Stephen L. Corson, MD,*” Benjamin Gocial, MD,** 
Douglas C. Daly, MD,” Kathryn Go, PhD, and Mary E. English, RN, MSN” 


Philadelphia, Pennsylvania 


OBJECTIVE: There are new options fo- genetic offspring in patients with vaginal agenesis 
(Mayer-Rokitansky-Kister-Hauser syndrome). The reported world experience to date with genetic offspring 
of patients with vaginal agenesis consists of five pregnancies (including two reported here and two frozen 
embryos). The specifics of these cases are presented for discussion. 

STUDY DESIGN: We present a retrospective description of two women with vaginal agenesis and their 
matched gestational carriers with positive outcome of two live births. Care was delivered in a private in 


vitro fertilization and gamete intrafallopian transfer program. 


RESULTS: In vitro fertilization of oocytes gathered from the genetic mother with vaginal agenesis and 
sperm from the genetic father were transferred to a A cesteeone! carrier. Two live births and one blighled 


ovum pregnancy resulted. 


CONCLUSION: Until recently, treatment for salent with vaginal agenesis 
(Mayer-Rokitansky-Kuster-Hauser syndrome) has centered on the creation of a functional vagina. The 
technology of in vitro fertilization and embryo transfer, allowing for collection of oocytes from the genetic 
mother, fertilization by the genetic father, and placement into a gestational carrier, enables a woman 
without a uterus to have her own genelic children. The specific medical and legal issues involved in 
facilitating genetic offspring. in these instances must be considered; these include the initial matching of the 
genetic parents with the gestational carrier, cycle synchronization for tn vitro fertilization and embryo 
transfer, anatomic difficulties of oocyte retrieval, birth certificate documentation, and the current legal 
status of a gestational carrier. (AM J OBSTET GYNECOL 1992;167:1288-92.) 


Key words: Vaginal agenesis, pregnancy, gestational carrier, in vitro fertilization 


Genetic offspring from patients with vaginal agenesis 
(Mayer-Rokitansky-Ktister-Hauser syndrome) have 
been described as the result of in vitro fertilization 
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with embryo transfer into a gestational carrier."*? Spe- 
cific medical, legal, and ethical issues are raised by such 
events. The purpose of this report is to describe the 
handling of these challenges within the in vitro fertil- 
ization and embryo transter (IVF-ET) program at 
Pennsylvania Hospital and within the state of Pennsyl- 
vania in two such cases. 


Material and methods 


Legal, genetic, and psychiatric concerns. The in vi- 
tro fertilization and gamete intrafallopian transfer pro- 
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gram at Pennsylvania Hospital embarked on its gesta- 
tional carrier program in 1987 after receiving approval 
from the Medical Research Committee, the Ethics Com- 
mittee, and finally the Board of Managers of Pennsyl- 
vania Hospital. Applicants to our gestational carrier 
program are urged to find their own carriers. Our first 
patient was matched with her carrier after she appeared 
on an educational television program explaining the 
concept of gestational carriers. The second found a 
carrier within her own family. 

Once identified and matched, genetic parents and 
gestational carrier couples are interviewed and coun- 
seled by a psychiatrist or psychologist within our pro- 
gram. All participants (the infertile couple, the carrier, 
and her partner) are seen together to ensure their mu- 
tual understanding and expectations regarding the 
procedure. The zenetic parents are interviewed indi- 
vidually and as a couple to assess their feelings regard- 
ing this unconventional mode of family building, as well 
as their anxieties and expectations. Their intentions 
regarding future relations with the carrier, as well as 
the sharing of information with their child, also need 
to be explored. The carrier's understanding of the pro- 
gram, her motivation for agreeing to undertake the 
pregnancy, and how it will affect her life must be de- 
fined. Finally, psychologic testing includes the Minne- 
sota Multiphasic Inventory Thematic Application and 
Intake Questionnaires. Continued psychologic support 
in the form of periodic prearranged consultations is 
given throughout the gestation and especially after de- 
livery. | 

The syndrome of vaginal agenesis does not appear 
to be genetic in origin; however, the couples are coun- 
seled regarding the difficulty of making any definitive 
statements. For cbvious reasons previous case reports 
are not entirely useful. The couples are informed as to 
the unlikely possibility of genetic transmission. 

A legal contract between the genetic parents and the 
gestational carrier is then drawn up by independent 
counsel. These contracts are reviewed by the legal coun- 
sel to the program before formal acceptance to the 
gestational carrier program. Medical issues covered by 
the contracts include prenatal care, healthy conduct of 
the gestational carrier while pregnant (e.g., no smok- 
ing, drinking, etc.), appropriate genetic screening (im- 
portant since one genetic mother was >35 years old), 
potential reasons for pregnancy termination, preg- 
nancy risks to the gestational carrier (a fourth cesarean 
section for one gestational carrier), and birthing issues. 
Nonmedical issues addressed include payment of ges- 
tational carrier’s medical expenses and birth certificate 
preparation. 

Medical preparation. Synchronization of menstrual 
cycles is performed in an attempt to place embryos into 
the carrier’s uterus during a natural cycle. To accom- 
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plish this, oral contraceptives are given to the genetic 
mother (oocyte donor) and then stopped so as to co- 
incide with cycle day 1 of the gestational carrier, as- 
suming an idealized 28-day cycle. Alternatively, a go- 
nadotropin-releasing hormone agonist could be used. 
If necessary, ovulation induction therapy may be ini- 
tiated in the gestational carrier to facilitate timing of 
embryo transfer and ensure an appropriately prepared 
uterine environment. 

In this specific case both genetic mother and gesta- 
tional carrier were officially admitted to the maternity 
suite in adjacent rooms. The genetic mother was pres- 
ent at the birth. Both genetic mother and gestational 
carrier received baby identification bracelets. Imme- 
diate but limited visitation was permitted by the family 
of the gestational carrier to the newborn but the new- 
born had rooming-in with the genetic mother. As prear- 
ranged by all the involved parties, the birth certificate 
was written in the name of the genetic parents. Since 
the hospital at which the birth took place and the at- 
tending obstetricians had participated in another of our 
gestational carrier births, no special rehearsal of events 
was carried out prior to delivery. 


Case reports 


Couple 1. The genetic mother, a 36-year-old woman, 
was originally diagnosed with vaginal and uterine agen- 
esis at the age of 21, at which time construction of a 
neovagina was surgically performed. This couple had 
been married 8 months, and the husband had a normal 
semen analysis. Their gestational carrier was a 32-year- 
old, married woman, gravida 3, para 3, with slightly 
irregular menstrual cycles. It had taken 2% years for 
her to conceive her third child. All three children had 
been delivered without complication by cesarean sec- 
tion because of initial cephalopelvic disproportion; the 
last delivery took place in 1984, Oral contraceptives had 
been used until recently for contraception. Recent basal 
body temperature charts appear anovulatory. 

Couple 2. The genetic mother was a 27-year-old 
woman diagnosed with vaginal agenesis at the age of 
17. Normal 46,XX karyotype and laparoscopy con- 
firmed the diagnosis with a central nonfunctional mül- ~ 
lerian tissue remnant noted; normal, laterally placed 
ovaries showed evidence of ovulatory activity. A vaginal 
dimple had been used to create an adequate vagina 
with the aid of dilators. She had been married 3 years. 
Semen analysis of the husband documented normal 
parameters. Their gestational carrier was the 32-year- 
old sister of the genetic mother; she had conceived 
easily with an uncomplicated delivery, after which her 
husband had undergone a vasectomy. 


Comment | 
Details of the conception cycles:in these two couples 
are presented in Table I. Reported experience to date - 
with genetic offspring of patients with vaginal agenesis 


1290 Batzer et al. 


Table I. Pregnancy cycles 
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Genetic mother 






l 150 mIU hFSH and 150 mIU hMG 


6 150 mIU hFSH and 150 mIU hMG 


2 l 150 mIU hFSH and 150 mIU hMG 





Retrieval 


6 Ultrasonography and 


laparoscopy 
15 4 6 Laparoscopy 
12 8. 8 Laparoscopy 


ACG, Human chorionic gonadotropin; LH, luteinizing hormone; hFSH, human follicle-stimulating hormone; AMG, human 


menopausal gonadotropin. 
*Cycle day always refers to cycle of gestational carrier. 


is five pregnancies,” ° including these, and two frozen 
emhbryos.* This report chronicles the specifics’ of con- 
ception in these patients, as well as some of the prob- 
lems related to the more general use of a gestational 
carrier. 

In 1985 the first report of a successful pregnancy 
after oocyte retrieval from an infertile woman followed 
by in vitro fertilization and embryo transfer to a ges- 
tational carrier? was made. The indication for a ges- 
tational carrier was surgical removal of the uterus be- 
cause of uterine rupture during pregnancy. Patients 
with congenital absence of the vag:na (Mayer-Rokitan- 
sky-Ktster-Hauser Syndrome or müllerian agenesis) 
are similarly lacking uteri. This syndrome is defined to 
include patients with vaginal agenesis who are geno- 
typically and phenotypically female with normal en- 
docrine status and ovarian function.® Whereas congen- 
ital renal anomalies occur in about one third or more 
of these individuals,’ the syndrome does not appear to 
be genetic in origin but rather is due to an insult oc- 
curring between 6 and 12 weeks of embryologic de- 
velopment. However, a genetic origin cannot be en- 
tirely excluded. 

In spite of some implications to the contrary,’ stim- 
ulation in both of these patients was carried out under 
a routine protocol. An appropriate rise in estradiol level 
with ultrasonographic evidence oz follicular develop- 
ment was recorded in each cycle. Oocyte morphologic 
features and cleavage behavior were similar to that of 
other IVF patients. Coyotupa et al. and others have 
documented normal spontaneous cyclic patterns of se- 
rum gonadotropin levels and ovarian steroid levels in 
patients with congenital absence of the uterus. 

Absence of the vagina is the key to diagnosis, and 
until recently most treatment centered on the creation 
of a functional vagina.® This can be done by mechanical 
dilation, as in the second patient, but often requires a 
surgical procedure, as in the first patient. Either way, 
while providing for adequate coital function, such an 


artificial vagina may not allow the usual vaginal elas- 
ticity and relaxation. In addition, it tends to be a thick- 
ened structure far removed from the position of the 
ovaries. The high lateral placement of the ovaries in 
these patients makes transvaginal ultrasonographically 
guided retrieval uncomfortable, difficult, or impossible. 
Since the ovaries are only attached laterally, they are 
particularly mobile when stimulated and often difficult 
even to visualize by transvaginal ultrasonographic tech- 
nique, such as patient 2. Laparoscopic retrieval may be 
the method of choice for adequate oocyte harvesting 
in the majority of these patients. 

Cycle synchronization can be achieved by placing the 
egg donor on a regimen cf oral contraceptives and 
discontinuing them with the onset of spontaneous men- 
ses in the gestational carrier, similar to that described 
by Utian et al.* The aim is to transfer fresh embryos 
into a uterine environment in a natural cycle. The con- 
cept of a “window of transfer” and implantation as 
described by Rosenwaks? car. be applied to both natural 
cycles and estrogen-progesterone replacement cycles. 
In patient 2 a delay of 20 hours beyond our usual 
replacement time of 48 hours after insemination was 
performed to allow for adequate endometrial devel- 
opment. Transfers on days 17 to 19 of an idealized 28- 
day menstrual cycle are mentioned as more conducive 
to implantation of pregnancy in cycles with hormone 
replacement. There has been speculation on the del- 
eterious effects of the early arrival of embryos into the 
uterus via embryo replacement at 48 hours after oocyte 
harvesting, as well as the changed hormonal milieu 
caused by the endocrine stimulation.’ More data must 
be accumulated to address these questions and define 
the best time for embryo transfer in humans. 

The legal aspects involving the use of the gestational 
carrier are yet to be defined. Common law accepts the 
woman. giving birth as the legal mother of the child. 
Anything else requires some type of adoption pro- 
ceeding. The only legal precedent in a gestational car- 
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Gestational carrier 
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Number 5 
Stimulation 
Clomiphene citrate twice daily on 14 
cycle days 4-6 . 
Clomiphene citrate twice daily on 14 


cycle days 4-8 


None 13 


rier situation has been given by the State of Michigan, 
Wayne County Circuit Court opinion of March 14, 
1986," which confirmed the infertile couple as the legal 
parents of the baby born as the result of embryo trans- 
fer to a gestational carrier. In that case human leukocyte 
antigen testing was required by the court to confirm 
paternity. In couple 1 described here, hospital legal 
counsel was consulted before registration and birth of 
the gestational carrier. The request to complete the 
birth certificate in the name of the genetic parents was 
granted by the hospital legal counsel in accordance with 
the desires of all parties to the contract. There being 
no state law on the subject, this obviated the need for 
adoption proceedings. A previous delivery in a gesta- 
tional carrier from our program at this institution had 
set a precedent. 

Unfortunately, most reports continue to reference 
embryo carriers in these situations as surrogates.'* © 
Furthermore, most discussions of gestational carrier 
conceptions continue to be included only with other 
forms of surrogacy.’ The birth mother has no genetic 
relationship to the fetus; therefore this nomenclature 
is inaccurate and misleading. The Ethics Committee of 
the American Fertility Society recently titled this form 
of treatment, “surrogate gestational mothers: women 
who gestate a genetically unrelated embryo.” We are 
vehemently opposed to this terminology because of the 
negative connotations associated with surrogate par- 
enting at present and the inaccuracy of this association. 
“Surrogate mother,” as defined by the Ethics Commit- 
tee of the American Fertility Society, is a “woman who 
is artificially inseminated with the sperm of a man who 
is not her husband; she carries the pregnancy and then 
turns the resulting child over to the man to rear. In 
almost all instances, the man has chosen to use a sur- 
rogate mother because his wife is infertile. After the 
birth, the wife will adopt the child.” The Ethics Com- 
mittee of the American Fertility Society specified that 
the circumstances be not just that the wife is “infertile” 


Cycle day of Cycle day Embryo 
LH surge of transfer cell stage 


Outcome 


17 l at 3-cell 
} at 6-cell 
17 l at 2-cell 
3 at 4-cell 
1 at 5-cell 
1 at 7-cell 
17 1 at 6-cell 
3 at 8-cell 


Blighted ovum 


Singleton male infant 


Singleton male infant 


but that she is unable to provide normal oocytes. Clearly 
this does not represent the facts of the applied repro- 
ductive technologies used in these cases. Whereas we 
concur with the Ethics Committee’s concerns, these 
cases would seem to be in accordance with their rec- 
ommendations. We find the use of a gestational carrier, 
when it is the only way to permit a couple the privilege 
ofa genetic offspring, acceptable and to be encouraged. 

Our experience with the pracess of gestational car- 
riers has been gratifying. The possibility of allowing a 
couple to have their own genetic offspring under con- 
ditions that would otherwise exclude genetic parenting 
has proved exciting and challenging for all involved. 
We urge the use of the term gestational carrier in these 
cases to avoid confusion and eliminate the negative con- 
notation of other terminologies. 


We express our thanks to Michael Baylson, LLB, and 
David: Loder, JD, partners at Duane, Morris & 
Heckscher, for their legal advice and counsel. 


Addendum 


Sirice the writing of this manuscript, a decision in 
favor of the genetic parents has been handed down by 
Judge Richard N. Parslow, Jr., in the Johnson v Salvert 
case in California. This is the second case involving a 
gestational carrier to reach the court system. 
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cell—isoimmunized pregnancies 
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OBJECTIVE: Ths aim of this study was to investigate the relationship between fetal anemia, plasma - 
erythropoietin concentration, and erythroblastosis in red blood cell—isoimmunized pregnancies. 

STUDY DESIGN: Fetal plasma erythropoietin concentration in umbilical venous blood samples from 68 red 
blood cell—isocimmunized pregnancies at 18 to 35 weeks’ gestation was measured. Measurements were 
compared with the appropriate reference range with gestation, and associations with blood pH, 


erythroblast count, and hemoglobin concentration were examined. 


RESULTS: The mean fetal plasma erythropoietin concentration and erythroblast count in red blood 
cell—isoimmunized pregnancies were significantly increased only in severe fetal anemia (hemoglobin deficit 
>7 gm/dl). Furthermore, some severely anemic fetuses were hydropic and acidemic. The degree cf 
increase in plasma erythropoietin was significantly associated with both fetal acidemia and, more strongly, 


feial erythroblastosis. 


CONCLUSION: These findings suggest that in fetuses frorn red blood cell—isoimmunized pregnancies the 
ability to prevent tissue hypoxia is present until anemia becomes severe, presumably by an increase in 
cardiac output and tissue perfusion. In severe anemia tissue hypoxia occurs, and the data indicate that 
fetuses respond by increasing erythropoietin production from at least 20 weeks’ gestation. Furthermore, 
more accurate assessment of tissue oxygenation may be obtained by measuring the erythroblast count 


rather than the blood pH. (Am J Osstet GYNECOL 1992;167:1292-7.) 


_ Key words: Cordocentesis, red blood cell isoimmunization, erythroblastosis, erythropoietin, 


fetal anemia 


In red blood~—isoimmunized pregnancies fetal ane- 
mia results from antibody-coated red blood cell de- 
struction in the fetal reticuloendothelial system.' In se- 


From the Harris Birthright Research Centre for Fetal Medicine, 
King’s College School of Medicine,’ and the Depariment of Haema- 
telogy, The Brook. Hospital. j 

Received for publication November 19, 1991; nS February 26, 
1992; accepted April 15, 1992. 

Reprint requests: Kypros H. Nicolaides, MD, The Harris Birthright 
Research Centre for Fetal Medicine, King’s College School of Med- 
icine, London, England SEJ &RX. 

611138737 


1292 


vere anemia there is fetal macrocytosis and erythro- 
blastosis, which are thought to be a consequence of 
extramedullary hematopoiesis.** It is possible that in 
mild to moderate anemia the increased fetal cardiac 
output and hyperdynamic circulation prevent tissue 
hypoxia, release of erythropoietin, and therefore in- 
creased hematopoiesis.* ° Alternatively, erythropoietin 
may be produced with small hemoglobin deficits, but 
recruitment of extramedullary erythropoiesis occurs 
only when a particular threshold is reached.* The aim 
of this study was to investigate the relationship between 
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Fig. 1. Umbilical venous blood hemoglobin concentration (left) and plasma erythropoietin concen- 
tration (righi) in 68 red blood cell—isoimmunized pregnancies (including 10 with hydrops fetalis, m) 
plotted on appropriate reference range (mean, 5th and 95th percentiles) for gestation. Mean he- 
moglobin concentration was significantly decreased (mean difference —4.229 SDs, SEM 0.427, 
p < 0.9001), and mean erythropoietin concentration was increased (mean difference 0.995 SDs, SEM 


0.237, p < 0.001). 


fetal anemia, erythropoietin concentration, and eryth- 
roblastosis in red blood cell—isoimmunized preg- 
nancies. 


Patients and methods 


Fetal plasma erythropoietin and hemoglobin concen- 
trations and erythroblast count were determined in 68 
red blood cell—isoimmunized patients who were re- 
ferred to our unit for cordocentesis and, if necessary, 
intravascular blood transfusion. The selection criteria 
and technique for fetal transfusions have been previ- 
ously described.” The antibodies involved were anti- 
D in 61 cases, anti-c in five, anti-E in one, and anti-Kell 
in one. Only data from fetuses that had not received 
transfusions and with positive direct Coombs’ test re- 
sults were considered for this study. At the time of 
cordocentesis the presence or absence of fetal hydrops 
(skin edema, ascites. pericardial and pleural effusions) 
was determined ultrasonographically. 

Gestation at cordocentesis was 17 to 35 weeks, as 
determined from the menstrual history or an ultra- 


sonographic scan performed in early pregnancy. Um- 
bilical cord blood samples were obtained by cordocen- 
tesis, which was performed without maternal sedation 
or fetal paralysis. Fetal blood gases were measured in 
samples (250 yl) collected into heparinized syringes 
(Radiometer ABL 330, Copenhagen). Fetal blood (180 
wl) was also collected into 20 wl of isotonic edetic acid 
solution (0.5 mmol/L in 0.15 mmol/L sodium chloride) 
to exclude maternal contamination by the acid-elution 
(Kleihauer) method and to determine the hemoglobin 
concentration and red blood cell and total nucleated 
cell counts (Coulter Stacker Automated Cytometer, 
Coulter Electronics, Luton, England). Blood films were 
stained by the May-Gruwald-Giemsa method, and the 
number of erythroblasts was counted. 

A further 0.5 ml of fetal blood was collected in hep- 
arinized syringes, and the plasma was separated and 
stored at — 20° C until thawed for assay. Erythropoietin 
concentration was measured with an enzyme immu- 
noassay kit (Clinigen TM, Amgen Diagnostics, Thou- 
sand Oaks, Calif.). The reference curve was standard- 
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Fig. 2. Umbilical venous blood pH (left) and erythroblast count (right) in 68 red blood cell—isoim- 
munized pregnancies (including 10 with hydrops fetalis, W) plotted on appropriate reference range 
(mean, 5th and 95th percentiles) for gestation. Mean pH was significantly decreased (mean difference 
— 0.715 SDs, SEM 0.205, p < 0.001), and mean erythroblast count was significantly increased (mean 


difference 0.436 SDs, SEM 0.217, p < 0.05). 


ized against World Health Organization, second inter- 
national reference preparation of human urinary 
ervthropoietin. The limit of sensitivity of the assay was 
determined ta be 2 mU/ml (limit at 3 SDs from the 
zero erythropoietin standard). 

Statistical analysis. Because all parameters mea- 
sured change with gestation, individual values were ex- 
pressed as the number of standard deviations by which 
the measurements differed from the appropriate nor- 
mal mean for gestation (A values).'\**° For hemoglobin 
1 SD is equivalent to 1 gm/dl.* 

The Student ż test was used to examine whether mean 
A values for measurements in the red blood cell—isoim- 
munized group differed significantly from 0 (the ap- 
propriate normal mean for gestation) and to examine 
the significance of any differences in these values in 
the severely anemic fetuses. Regression analysis was 
then applied to examine whether A pH, A hemoglobin 


concentration, and A erytaroblast count were signifi- 
cantly related to A erythropoietin. 


Results 


In the 68 red blood cell—isoimmunized pregnancies 
the mean fetal hemoglobin concentration was signifi- 
cantly lower and the plasma erythropoietin concentra- 
tion significantly higher than the appropriate normal 
mean for gestation (Fig. 1). Furthermore, the mean 
umbilical venous blood pH was significantly reduced 
and the erythroblast count was significantly increased 
(Fig. 2). 

The A hemoglobin concentration was significantly 
associated with A erythropoietin concentration (Fig. 3; 
r= —0.601, p< 0.0001), A pH (r = 0.708, p< 
0.0001), and A erythroblas: count (r = 0.436, p < 0.05). 
The associations with hemoglobin concentration were 
best described by quadratic equations, such that the 
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mean erythropoietin concentration and erythroblast 
count exceeded the 97,5" percentile and the pH was 
<2.5" percentile of the reference range when the he- 
moglobin deficit was >7 SDs. Multiple regression anal- 
ysis showed that gestational age did not contribute sig- 
nificantly to the association between A erythropoietin 
and A hemoglobin concentration (F to remove gesta- 
tion = 0.48, £ = 0.69, p = 0.490). 

Hydrops was present in 10 of the 21 fetuses that had 
a hemoglobin deficit >7 SDs. There was no significant 
difference in the A erythropoietin concentration and A 
erythroblast count between the hydropic and nonhy- 
dropic fetuses (A erythropoietin, ¿ = 0.67; A erythro- 
blast count, ¿ = —0.14), but the A pH was significantly 
lower in the hydropic group (A pH, mean difference 
— 2.762; SEM 0.660; ¢ = —4.19; p < 0.001). 

A Erythropoietin concentration was significantly as- 
sociated with both A erythroblast count (Fig. 4; 
r = 0.422, p< 0.001) and A pH (Fig. 4; r = — 0.314, 
p < 0.001). Multiple regression with both A erythro- 
blast count and A pH did not provide a significantly 
better prediction of delta erythropoietin than that ob- 
tained from A erythroblast count alone (pH, F to re- 
move 5.55; 1 = —2.36; p = 0.215). 


Comment 


The data of this study demonstrate that the human 
fetus is capable of responding to anemic hypoxta by 
increasing erythropoietin production from at least 20 
weeks’ gestation, but this response does not occur until 
the hemoglobin deficit is >7 gm/dl. In a previous study 
Millard et al. measured fetal plasma erythropoietin in 
11 red blood cell—isoimmunized pregnancies at 22 to 
31 weeks’ gestation and reported increased erythro- 
poietin concentration, compared with adult values, in 
only one of the fetuses. It was suggested that in fetal 
life the erythropoietin response to anemic hypoxia is 
suppressed because of reduced fetal oxygen require- 
ment, decreased hepatic responsiveness to hypoxia, the 
presence of other unspecified erythrogenic factors, or 
an erythropoietin inhibitory substance. 

The finding that the mean erythropoietin concen- 
tration only exceeds the normal range when the anemia 
is severe suggests that in mild to moderate anemia ox- 
ygenation of the liver, which is the main site of eryth- 
ropoietin production in the fetus, is maintained.'! This 
may be a consequence of the increased cardiac output 
and peripheral perfusion that has previously been dem- 
onstrated in Doppler studies of anemic fetuses.** These 
findings are compatible with data from studies by 
Finne,’ who measured erythropoietin in amniotic 
fluid from pregnancies complicated by red blood cell 
isoimmunization and showed that the erythropoietin 
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Fig. 3. Relationship between A (d) hemoglobin concentration 
and A erythropoietin concentration (constant 0.036, linear 
constant 0.098, quadratic constant 0.046, residual SD 1.586, 
r= —0.601, p < 0.0001) in 68 red blood cell—isoimmunized 
pregnancies, including 10 with hydrops fetalis (m). Units are 
in SDs from appropriate normal mean for gestation. 


concentration was increased when the hemoglobin con- 
centration, which was measured in cord blood at deliv- 
ery, was <11 gm/dl, which corresponds to a deficit of 
6 to 7 SDs. 

Severe anemia was accompanied by increased eryth- 
ropoietin concentration and erythroblastosis. Addition- 
ally, some severely anemic fetuses were hydropic and 
acidemic. These findings indicate that when the he- 
moglobin deficit is >7 gm/dl compensatory cardiovas- 
cular adjustments are not sufficient to prevent tissue 
hypoxia." Similar to findings in anemic fetuses, some 
growth-retarded fetuses have an increased fetal plasma 
erythropoietin concentration with reduced venous 
blood pH and increased erythroblast count.’ In these 
cases tissue hypoxia presumably results from a com- 
bination of hypoxemic hypoxia, caused by reduced 
uteroplacental perfusion and oxygen transfer, and isch- 
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Fig. 4. Relationship between A (d) erythropoietin concentration and A pH (left, r= —0.314, 
p < 0.001) and A erythroblast count (right, r = 0.422, p < 0.001) in 68 red blood cell—isoimmunized 
pregnancies, including 10 with hydrops fetalis (8). Units are in standard deviations from appropriate 


normal mean for gestation, 


emic hypoxia, caused by redistribution of fetal blood 
to the brain at the expense of the viscera.* '° 

Blood pH is widely accepted as an index of fetal 
oxygenation. Although in both the anemic and hyp- 
oxic-ischemic hypoxia models of human fetal hypoxia 
an increase in erythropoietin was associated with aci- 
demia and erythroblastosis, better prediction of eryth- 


‘ropoletin concentration was obtained {rom the degree ° 


of erythroblastosis. Therefore impaired fetal oxygen- 
ation may be more accurately predicted by the presence 
of erythroblastosis than by a low blood pH." 
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Doppler velocimetry and fetal heart rate studies in 


nephropathic diabetics 


Douglas R. Salvesen, MD,” Maria T. Higueras, MD,? J. Michael Braudenell, MD,’ 


Paul L. Drury, MD,” and Kypros H. Nicolaides, MD* 
London, England 


OBJECTIVES: Our objectives were to determine in pregnancies complicated by diabetic nephropathy (1) if 
impedance to flow in the uterine and umbilical arteries is normal and (2) if these fetuses are hypoxernic 
and acidemic and if they have decreased fetal heart rate variation and Doppler blood flow redistribution. 
STUDY DESIGN: In a cross-sectional study at the Harris Birthright Research Centre for Fetal Medicine, 
London, serial assessment of fetal heart rate variation and Doppler velocimetry of the placental and fetal 
circulations was undertaken in six pregnancies complicated by diabetic nephrcpathy. In all cases 
cordocentesis was performed within 24 hours before delivery for the measurement of umbilical venous 


blood gases. 


RESULTS: Cordocentesis demonstrated these fetuses to be hypoxemic and acidemic. The fetal heart rate 
variation was decreased; however, impedance to flow in the uterine artery was normal, and increased 
impedance to flow in the umbilical artery with evidence of blood flow redistribution was observed in only 


one case. . 


CONCLUSIONS: Fetal hypoxemia and acidemia in pregnancies complicated by diabetic nephropathy is 
not a consequence of impaired placental perfusion, and the degree of metabolic derangement may be 
obscured by the apparent normal growth and failure of these fetuses to demonstrate blood flow 


redistribution. (AM J Osstet GYNECOL 1992;167:1297-303.) 


Key words: Diabetic nephropathy, cordocentesis, fetal Doppler studies, blood gases, fetal 


heart rate patterns 


In pregnancies complicated by preeclampsia or in- 
trauterine growth retardation (IUGR) there is histo- 
logic evidence of abnormal trophoblastic invasion of 
the maternal spiral arteries.'* Doppler studies in such 
cases have documented increased impedance to flow in 
the uterine arteries, which may precede the develop- 
ment of growth retardation or pregnancy-induced hy- 
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pertension.”® Furthermore, hypoxemic IUGR is asso- 
ciated with pathologic fetal heart rate (FHR) patterns 
and Doppler evidence of redistribution of the fetal cir- 
culation in favor of the brain and at the expense of the 
viscera’? 

In women with diabetic nephropathy the incidence 
of both proteinuric hypertension and IUGR is in- 
creased.’ '? Previous Doppler studies in pregnancies 
complicated by maternal diabetes are limited to inves- 
tigation of the umbilical artery; these studies have pro- 
vided conflicting results.'* The aim of the current 
study was to determine (1) if impedance to flow in the 
uterine artery and or umbilical artery of pregnant di- 
abetics with nephropathy is increased and (2) if these 
fetuses are hypoxemic and acidemic and have appro- 
priate changes in FHR variation and Doppler evidence 
of redistribution in their circulation. 
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Patients and methods 


During an 18-month period, September 1990 
through February 1992, six pregnant, insulin-depen- 
dent diabetic women with nephropathy attended our 
antenatal clinic for pregnancies complicated by mater- 
nal diabetes mellitus. The patients gave written in- 
formed consent to the study, which was approved by 
our hospital ethics committee. . 

All patients had been diabetic between 10 and 27 
years, all had retinopathy (two background and four 
proliferative), and none had any historic‘or clinical ev- 
idence of other renal disease. All six patients had reg- 
ular menstrual cycles and were certain of the date of 
their last periods. Gestation was confirmed by an ul- 
trasonographic scan at 12 to 17 weeks amenorrhea. A 
further scan at.20 weeks’ gestation did not reveal any 
fetal abnormality. All six cases were managed by a com- 
bined team of obstetricians and diabetologists, and reg- 
ular observations were made of maternal weight, blood 


pressure, insulin requirements, venous blood glycosy-_ 


lated hemoglobin percentage (Corning scanner, Corn- 
ing, Halstead, England), serum creatinine concentra- 
tion, 24-houf urinary protein excretion and creatinine 
clearance; ultrasonographic scanning for fetal biome- 
try, Doppler velocimetry of the uteroplacental and fetal 
circulations, and FHR monitoring were undertaken. 

Doppler examinations were perZormed with the pa- 
tient in the supine position with left lateral tilt. Color 
flow mapping, to identify the vessels, and pulsed wave 
velocimetry (color Doppler Aloka echocamera SSD-680 
with 3.5 MHz curvilinear transducer, Aloka Co., Tokyo) 
were used to obtain flow velocity waveforms from 
(1) both uterine arteries, at the level where they cross 
the corresponding external iliac artery; (2) one umbil- 
ical artery, from a free loop of the cord; (3) the de- 
scending thoracic aorta, at a position just above the 
diaphragm; and (4) one of the middle cerebral arteries, 
from a portion of these vessels nezr the circle of Willis. 
In all Doppler studies the angle of insonation of the 
vessels was <45 degrees, and the high-pass filter was 
set at 100 Hz. Care was taken not to exert undue pres- 
sure on the fetal head, because this alters the flow ve- 
locity waveforms from the middle cerebral artery." Ex- 
aminations of the fetal vessels were performed in the 
absence of fetal body and respiratory movements.” 
Measurements were obtained from four consecutive 
flow velocity waveforms and averaged. Impedance to 
flow in the umbilical artery, middle cerebral artery, and 
descending thoracic aorta was expressed by the pul- 
satility index and for the uterine artery by the resistance 
index; for the latter vessel measurements were taken 
from both uterine arteries and the higher of the values 
was used for further analysis. The resistance index and 
pulsatility index were measured with the built-in spec- 
trum analyzer. 
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FHR monitoring was performed for 60 minutes with 
the patient in the left semirecumbent position. Com- 
puter-assisted analysis was used to reduce interobserver 
and intraobserver variation (Sonicaid 8000, Oxford 
Sonicaid, Oxford, England). The overall FHR variation 
was expressed as the mean minute range in milli- 
seconds. The method of computer analysis was as pre- 
viously described.’ 

Doppler studies and FHR monitoring were carried 
out in all cases on the day of delivery and were im- 
mediately followed by cordocentesis. Cordocentesis was 
carried out without fetal parzlysis or maternal sedation, 
and all procedures were uncomplicated.” Fetal blood 
was collected into heparinized syringes (350 pl) for 
measurement of pH, Pco,, and Po, (Radiometer 
ABL330, Copenhagen) and for the measurement of 
whole blood glucose (YSI 25A, Yellow Springs Instru- 
ments, Yellow Springs, Col.). Fetal blood was also col- 
lected in tubes containing ethylenediaminetetraacetic 
acid (300 ul) for measurement of hemoglobin concen- 
tration (Coulter “S-plus, Porzer Electronics, Luton, En- 
gland). Kleihauer testing confirmed that all samples 
contained only fetal blood. Blood films were stained 
with Jenner’s Giemsa on an automatic processing ma- 
chine, and the number of erythroblasts per 100 white 
blood cells was calculated. At the time of cordocentesis 
a maternal blood sample was taken from the antecubital 
fossa for the measurement of whole-blood glucose con- 
centration and glycosylated hemoglobin percentage. 

The data from FHR monitoring, Doppler blood flow, 
and fetal abdominal circumference measurements, to- 
gether with the results of cordocentesis and the fetal 
birth weight, were compared with published reference 
ranges and are plotted on the appropriate normal 
range with gestation in Figs. 1 through 6.% !° 18. #0 


Results 


Maternal characteristics and pregnancy outcome are 
shown in Table I. Fetal abdominal circumference mea- 
surements and fetal birth weight at delivery were >5th 
percentile for gestation in four cases (Fig. 1), Imme- 
diately after delivery all six neonates were admitted to 
our neonatal intensive care unit. All of the neonates 
had hypoglycemia and jaundice requiring photother- 
apy. In five cases (A, C, D, E, F) the neonatal period 
was further complicated by respiratory distress syn- 
drome of sufficient severity to require ventilation in 
cases D, E, and F. Permanent sequelae were confined 
to baby D, whose course was complicated by the de- 
velopment of bronchopulmonary dysplasia. 

The data obtained at cordocentesis are demonstrated 
in Table II and Figs. 2 and 3. In all cases the umbilical 
venous blood pH or Po, were <5th percentile, and the 
hemoglobin concentration and erythroblast count were 
>50th percentile for gestational age. All measurements 
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Fig. 1. Fetal abdominal circumference (AC) on day of delivery and birth weight (Bwi) plotted on 
-appropriate reference range (mean, 5th and 95th percentiles) for case A (+), B (Mb, C (X), D 


(A), E (X), and F (@). 
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Fig. 2. Umbilical venous (UV) blood pH, and Po, at cordocentesis plotted on appropriate reference 
range (mean, 5th and 95th percentiles) for case A (+), B (MD, C (X), D (A); E CX), and F (@). 


of impedance to fow in the uterine arteries were be- 
tween the 5th and 95th percentiles of the reference 
range for gestation (Fig. 4). Increased impedance to 
flow in the umbilical artery and evidence of redistri- 
bution in the fetal circulation, with increased imped- 
ance in the descending thoracic aorta and decreased 


impedance in the middle cerebral artery was observed. | 


in only one case just before delivery (Figs. 4 and 5). 
The FHR variation was within the normal range but 
below the mean for gestation in the majority of mea- 


surements. However, in- three cases there was a pro- 
gressive decrease in variation, and in four of the six 
cases the last measurement before delivery was <5th 
percentile (Fig. 6). 


Comment 


These data demonstrate that in pregnancies compli- 
cated by diabetic nephropathy, some fetuses are aci- 
demic and hypoxemic. Furthermore, the fetuses have 
hematologic changes and alterations in FHR patterns 
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Fig. 3. Fetal hemoglobin concentration (Hb) and erythroblast count (NRBC) at cordocentesis plotted 
on appropriate reference range (mean, 5th and 95th percentiles) for case A (+), B W, C(X), 


D (A), E (X), and F (@). 
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Fig. 4. Serial measurements of uterine artery resistance index (UtA RI) and umbilical artery pulsitility 
index (UA PI) plotted on appropriate reference range (mean, 5th and 95th percentiles) for case A 


(+), B®, C(X), D (a), E(X), and F (@). 


similar to those observed in IUGR as a result of im- 
paired placental perfusion.” ®”? However, in contrast to 
findings in growth retardation, there is no evidence of 
increased impedance to flow in the uterine arteries. 
Furthermore, evidence of hypoxia-induced redistri- 
bution in the fetal circulation in favor of the brain and 
at the expense of the viscera was observed in only one 
of the six cases.’ '° 


The implications of these findings in pregnant dia- 
betic patients with nephropathy are as follows: (1) Wors- 
ening proteinuric hypertension and fluid retention may 
be a consequence of pregnzncy-associated impairment 
in renal function rather than evidence for the onset of 
superimposed preeclampsiz; (2) fetal hypoxemia or ac- 
idemia is unlikely to be the consequence of impaired 
placental perfusion; (3) the noninvasive diagnosis of 
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Table I. Individual patient details 
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Blood Insulin Maternal Serum Creatinine 
Gestational pressure requirements glycosylated creatinine clearance 
(mm Hg) (units/day) hemoglobin (mg/L) (ml/min) 








Case A: age 25 yr, White class F* 


26 58.9 134/72 78 

32 59.9 162/85 82 
Case B: age 25 yr, White class F/RT 

26 77.2 126/86 46 

35 77.8 140/95 52 
Case C: age 28 yr, White class F/R 

26 70.2 150/90 56 

31 89.4 150/100 58 
Case D: age 38 yr, White class F/R§ 

24 79.9 155/90 36 

27 73.1 165/100 28 
Case E: age 26 yr, White class F| 

26 95 130/90 54 

30 110 120/90 56 
Case F: age 28 yr, White class FIRT 

25 74 150/90 32 

27 15 170/110 38 








10.5 40 640 223 26 
7.2 31 1333 249 24 
9.5 39 1039 79 ize 
7.6 36 1352 104 130 
8.6 26 16300 101 127 
8.7 26 11900 137 48 

10.2 27 3291 100 64 

11.3 24 10500 174 39 
9.6 27 5838 324 35 

11.2 24 8650 437 2] 
7.1 33 2020 177 18 
7.4 29 4290 187 21 


In case E the patient was in her second pregnancy, after a cesarean delivery at 28 weeks’ gestation because of proteinuric 
hypertension. All other patients were in their first pregnancies. In cases B, C, D, and F there was proliferative retinopathy, and 
in cases A, D, E, and F there was renal impairment before the current pregnancy. 


*Delivery indication—worsening hypertension and proteinuria in the presence of poor renal function; gestation 32 weeks; 


birth weight 2080 gm. 


TDelivery indication—hypertension, proteinuria, and abnormal FHR pattern; gestation 35.3 weeks; birth weight, 1980 gm. 
+Delivery indication— worsening hypertension, heavy proteinuria, and deteriorating renal function; gestation 31.4 weeks; birth 


weight 1800 gm, 


§Delivery indication—worsening hypertension and proteinuria with deteriorating renal function; gestation 27 weeks; birth 


weight 840 gm. 


Delivery indication— hypertension and increasing proteinuria with deteriorating renal function, necessitating dialysis and renal 
transplantation 3 months after delivery; gestation 30.2 weeks; birth weight 1480 gm. 


{Delivery indication—worsening hypertension, proteinuria with poor renal function, and abnormal Doppler and FHR studies; 


gestation 27.7 weeks; birth weight 670 gm. 


Table II. Cordocentesis results 











Gestational PO, Pco, 
Case age (wk) pH (mm Hg) (mm Hg) 

A 32.0 7.320 25.3 40.1 
B 35.3 7.228 15.0 55 
C 31.4 7.298 18.7 57.7 
D 27.0 7.370 24.5 42.5 
E 30.2 7.362 31.4 39.9 
F 27.7 7.309 15.1 48.0 


fetal hypoxemia or acidemia may be obscured by ap- 
parent normal growth and failure of the fetuses to have 
blood flow redistribution. 

Proteinuric hypertension is a common feature of 
pregnancies complicated by diabetic nephropathy.” * 
It may be clinically difficult to distinguish between su- 
perimposed preeclampsia and proteinuric hyperten- 
sion of renal origin. In preeclampsia histologic studies 
of placentas have demonstrated impaired trophoblastic 
invasion of maternal spiral arteries.” Impedance to 


Umbilical venous blood 







Maternal venous blood 
























Glycosylated 
Hemoglobin Glucose Glucose hemoglobin 
(gm/idb (mmol/L) (mmol/L) (%) 


14.3 2.8 4.1 V2 
14.9 10.3 13.6 7.4 
15.9 10.1 ile He 8.7 
13.5 9.5 11.2 11.3 
14.5 1.7 2.0 ERZ 
12.6 8.8 9.9 7.4 


flow in the uterine artery is determined by the degree 
of dilatation of the maternal spiral arteries caused by 
trophoblastic invasion of these vessels. Our finding of 
normal impedance to flow in the uterine artery suggests 
that in pregnancies complicated by diabetic nephrop- 
athy the observed worsening in the triad of hyperten- 
sion, proteinuria, and edema may not be caused by 
superimposed preeclampsia. 

Because impedance to flow in the uterine and um- 
bilical arteries was normal in all but one case, the cause 


1302 Salvesen et al. 


~ Ao Pl 





22 24 26 28 30 32 34 36 
Gestation (wk) 


ioa 


November 1992 
Am ] Obstet Gynecol 





0.75 + — 
22 24 26 28 30 32 34 36 


Gestation (wk) 


Fig. 5. Serial measurements of pulsatility index of descending thoracic aorta (Ao PI) and middle 
> cerebral artery (MCA FPI) plotted on appropriate reference range (mean, 5th and 95th percentiles) 


for case A(+), B (M), CON) D (A), E (T). and F @). 
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Fig. 6. Serial! measurements of FHR variation (milliseconds), 


plotted on appropriate reference range (mean, 5th and 95th ' 


percentiles) for case A ( +), B (M), C ( X ); D (A), E (X), and 
' F:®). 


of the observed hypoxemia and acidemia is unlikely to 
-be impaired uteroplacental or fetoplacental perfusion. 
It is possible that the fetal hypoxemia and acidemia is 
-a consequence of poor glycemic control. Previous stud- 
ies in pregnancies complicated by maternal diabetes 


» , 


mellitus have demonstrated. fetal acidemia, and it was 


suggested that the acidemia was metabolic in origin and 


related to the degree of glycemic control.* Further- 
more, animal studies have shown that mild hypergly- 
cemia is associated with acidemia alone, whereas higher 
degreés of hyperglycemia ‘are associated with both ac- 
idemia and hypoxemia.” An alternative explanation 
for the fetal hypoxemia is that in maternal nephropathy 
the hypoproteinemia and fluid retention are accom- 7 
panied by intervillous edema and consequent impaired ` 
placental transport in the presence of normal per- 
fusion. 

Although IUGR is more common in nephropathic $ 


than nonnephropathic diabetics, the data from. this 


study demonstrate that in spite of hypoxemia and ac- ` 
idemia antenatal fetal growth was normal and the.birth. 
weight was appt opriate for gestation in four of the six 
cases, providing’ further support for normal placental 
perfusion. !! 1? 

Unlike the findings of the current study, in YUGR 
caused by uteroplacenial insufficiency, there arè signif- 
icant associations between the degree of fetal hypox- 
emia and acidemia and alterations in fetal Doppler re- 
sults.’ However, in IUGR te metabolic disturbance ex- 
tends beyond hypoxemia and acidemia, and the fetus 
may have deranged carbohydrate, lipid, amino acid, 
and eridocrine function.” Therefore the lack of blood 
flow redistribution in this study may indicate that met- 
abolic derangements other than blood pH and Po, are 
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important in the pathogenesis of this hemodynamic 


alter ation. . bona 


10. 
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Renal pyelectasis in pregnancy: Correlative evaluation of fetal 


and maternal collecting systems 


Moshe Graif, MD, Ada Kessler, MD, Shraga Hart, MD,” Marcello Daitzchman, MD, 
Shlomo Mashiach, MD,’ Hayim Boichis, MD, and Yacov Itzchak, MD, PhD* 


Tel Hashomer, Israel 


OBJECTIVE: The current study is aimed at assessing the possibility of a statistical relationship betw2en 


feta! and maternal collecting system dilatation during pregnancy. 


STUDY DESIGN: Two hundred thirty consecutive pregnant women and their fetuses (20 to 40 weeks’ 
gestation) were simultaneously examined by ultrasonography. The renal collecting systems were 
measured, and the frequency of dilatation was subjected to x? analysis. The temporal incidence of fetal 


pyelectasis was compared with the maternal incidence. 


RESULTS: Dilatation of maternal collecting systems was detected in 91 of 230 patients (40%) and fetal 
pyelectasis occurred in 60 of 230 (26%). Fetal pyelectasis was 5.6 times more likely to occur in fetuses of 
mothers with dilated collecting systems. Furthermore, the temporal incidence of fetal pyelectasis 
throughout pregnancy appeared similar to that of maternal pyelectasis. 

CONCLUSION: This study points out the existence of a statistically significant association between 
maternal and fetal collecting system dilatation during pregnancy. (Am J OssteT GYNECOL 1992;167: 


1304-6.) 


Key words: Pregrancy, hydronephrosis, ultrasonographic diagnosis; fetal pyelectasis 


Dilatation of the upper urinarv tract may occur in 
60% to 90% of pregnant women.'® The exact factors 
causing this phenomenon are subject to considerable 
debate.*"' Recent publications have pointed out that 
asymptomatic urinary tract dilatation is a common find- 
ing (18%) in fetuses,'?'® but the reason for this fetal 
pyelectasia is unclear. The similarity of these two phe- 
nomena raises the question of whether there is a phys- 
iologic connection between them. This study was 
planned in an attempt to assess a possible relationship 
between maternal and fetal urinary tract dilatation. 


Material and methods 


Two hundred thirty consecutive pregnant women 
and their fetuses of 20 to 40 weeks’ gestation, who had 
been referred to the ultrasonography department 
within a period of 21 months for routine obstetric ul- 
trasonography, were examined. No particular hydra- 
tion was requested as a prerequisite for the obstetric 
ultrasonography. All examinations were performed 
with commercially available real-time scanners with 3.5 
to 5 MHz phased-array sector and linear transducers. 
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The matenal kidneys were scanned in the longitu- 
dinal plane from the lateral edge to the medial edge, 
with the subject lying in right and left decubitus posi- 
tions. The most dilated part of the renal collecting sys- 
tem was identified and measured from leading edge to 
leading edge. The lower limit of measurement was set 
at 5 mm." The fetal kidneys were scanned in both trans- 
verse and longitudinal planes, and measurement of the 
most dilated portion of the intrarenal collection system 
was carried out; the lower limit of measurements was 
set at 3 mm."* The lower limit was set at this value for 
the purpose of comparison with previous studies. 


Results 


Of the 230 women examined, 91 (40%) showed py- 
electasis >5 mm: 66 on the right (73%), three on the 
left (3%), and 22 bilateral (24%). Of the 230 fetuses 
examined, 60 (26%) had collecting system dilatation of 
=3 mm with a mean diameter of 7.3 + 2.9 mm (range 
3 to 10 mm): 23 (38%) on the right, 11 (18%) on the 
left, and 26 (43%) on both sides. The prevalence of 
fetal pyelectasis throughout pregnancy was similar to 
that of maternal pyelectasis (Fig. 1). The prevalence of 
fetal pyelectasis (Table I) within the group of women 
with dilatation of the collecting system was 46% (42/91 
cases). The prevalence of fetal pyelectasis in the group 
of women with normal ur:nary collecting systems was 
13% (18/139 cases). The x? test evaluating the associ- 
ation between maternal and fetal hydronephrosis 
yielded a value of 29.7 (p < 107° with a 95% confidence 
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Fig. 1. Incidence (percent) of maternal and fetal hydronephrosis as determined by ultrasonographic 
examination of 230 women and their fetuses (y axis) throughout pregnancy (x axis). 


interval of 2.9 to 11.2, 1 df). The calculated odds ratio 
was 5.6. There was a 4: I predominance of male fetuses 
with in utero pyelectasis (48 vs 12), whereas the overall 
incidence of male fetuses in the study was 58%. 
Ultrasonographic follow-up after birth was obtained 
in 28 of the 60 fetuses with pyelectasis. A return of the 
urinary collecting system to normal was observed within 
24 hours to 12 weeks after birth in 23 of the 28 neo- 
nates. In three additional neonates dilatation persisted 
after 12 weeks, but no further follow-up could be ob- 
tained because of lack of maternal cooperation. Con- 
current maternal hydronephrosis was present in 23 of 
the 28 infants but disappeared in all mothers within 12 
weeks after delivery. Two neonates in whom pyelectasis 
persisted beyond the age of 12 weeks underwent fur- 
ther investigation by intravenous urography and void- 
ing cystourethrography. In one infant a 2/5 grade ves- 
icoureteral reflux was found on the right with ureter- 
opelvic junction stenosis on the left, whereas the other 
infant had bilateral grade 2/5 vesicoureteric reflux. 
The urinary collecting systems of the mothers of these 
latter infants were undilated throughout pregnancy. 


Comment 


The renal collection system, in particular, the calyces, 
pelves, and proximal ureters, undergo morphologic 
changes during pregnancy, which consist of dilatation 
and decreased peristaltic activity as early as the third 
month of pregnancy.’ Mechanical compression by the 
enlarged uterus on the ureters is not a sufficient ex- 
planation for these changes. It is likely that additional 


Table I. Relationship between maternal and 
fetal hydronephrosis during pregnancy 







Fetal 
collecting 
system 


Maternal collecting system 





Dilated 42 18 60 
Normal 49 121 170 
Total 9] 139 230 


elements are involved, such as hormonal factors (par- 
ticularly progesterone),'*'® increased maternal renal 
plasma flow, increased glomerular filtration rate, and 
metabolic changes related to sodium balance.’ 

Fetal renal pyelectasis of =3 mm in renal pelvic di- 
latation is a common finding (up to 18%)." It is con- 
sidered “physiologic” if it does not exceed 10 mm.’*”° 
The reason for dilatation remains unclear. Transient 
vesicourethral reflux, relative immaturity of the blad- 
der, increased urine production, and changing sodium 
concentration are some of the proposed explana- 
tions.?!s* 

Dilatation of the collecting systems was detected 
in 40% of the pregnant women (91/230) in our 
study. This number is somewhat lower than in other 
studies* *° and may be related to the fact that, in con- 
trast to the other studies, hydration was not a prereq- 
uisite for the ultrasonographic examination in our 
study. Pyelectasis of 3 to 10 mm was observed in 26% 
of the fetuses examined. (Because we did not routinely 
use color Doppler ultrasonography for evaluation of 
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the fetal kidney, we cannot exclude that some of the 
fetal pyelectasis may have been dilated vessels.) It was 
also noted that the pyelectasis occurred more fre- 
quently in fetuses from mothers wizh pyelectasis (46%) 
rather than in mothers with nondilated collecting sys- 
tems (13%). The.association of maternal and fetal pye- 
lectasis appears very significant statistically (x° test). The 
odds ratio indicates that fetal pyelectasis is 5.6 times 
more likely to occur in fetuses from mothers with di- 
lated collecting systems. The temporal incidence of fe- 
tal pyelectasis throughout pregnancy appeared very 
similar to that cf maternal pyelectasis. 

The fetus is subject to several endocrinologic and 
metabolic changes similar to those in the mother. Per- 
haps the same factors leading to maternal hydrone- 
phrosis exert a similar influence on the fetal kidneys, 
_ leading to this minimal fetal pyelectasis. 

The possible clinical applications of this observation 


are not yet clear. However, when minimal fetal pyelec- . 


tasis (<10 mm) is detected, no postnatal investigation 
is necessary,” because it disappears after birth in as 
` many as 97% of the cases. The presence of concurrent 
maternal pyelectasis during pregnancy may ensure this 
assumption. On the other hand, we wonder whether 
the presence of isolated fetal pyelectasis (even <10 mm) 
may not be worth‘ more careful follow-up because it 
may not be physiologic. Because of the rarity of urinary 
tract anomalies, this presumption should be investi- 
` gated in a larger number of cases. 
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Primary ovarian pregnancy successfully treated: 


with methotrexate 


Fayek Nicholas Shamma, MD, and Lisa Barrie Schwartz, MD 


New Haven, Connecticut 


We describe a case di laparoscopically documented unruptured primary ovarian pregnancy successfully 
treated with intramuscular methotrexate. (Am J OBSTET GYNECOL 1992;167:1307-8.) 


Key words: Ovarian. pregnancy, methotrexate 


The incidence of primary ovarian pregnancy is cur- 
rently, one in 7,900 pregnancies, which is an increase 
from one in 25,000 to one in 40,000 pregnancies in the 
1950s. Risk factors include a history of pelvic inflam- 
matory disease, prior pelvic surgery, or use of an in- 
trauterine contraceptive device or -progestin-only 
minipill. es symptoms are similar to those of 
tubal pregnancies.' 

In 1978 Spiegelberg established four pathologic € cri- 
teria for the diagnosis of ovarian pregnancy: an intact 
ipsilateral tube separate from the ovary, a gestational 
sac occupying the position of the ovary, ovary and sac 
connected to the uterus by the uteroovarian ligament, 
and ovarian tissue histologically demonstrated in the 
sac wall.’ 

Conservative treatment is of paramount importance 
. because these patients are usually young, healthy, ang 
fertile and desire future childbearing. 


Case report 


A 34-year-old woman gravida 3, para 1, ectopic ges- 
tation-1; had a history of gonococcal pelvic inflamma- 
tory disease i in March 1987 and a left salpingectomy at 
laparotomy for a ruptured isthmic ectopic pregnancy 
in December 1988. Hysterosalpingography performed 
in February 1989 showed bilateral proximal tubal ob- 
struction. In October:1991 the patient underwent a 
right transcervical tubal catheterization with resultant 
good spillage of dye into the pelvic cavity. This was 
followed by laparoscopy with lysis of adheatns and a 
right fimbrioplasty. 

On Jan. 13, 1992, she was asymptomatic with a pos- 
itive pregnancy test with a titer of 399. The B-human 
chorionic gonadotropin titers subsequently rose ab- 
normally (Fig. 1). Transvaginal ultrasonography per- 
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Fig. 1. Serial B-human chorionic zonadotropin ( B-hCG) levels 
" both before and after methotrexate (MTX) treatment (day 0). 


formed on Jan. 24, 1992, revealed a small amount of 
fluid in the cul-de-sac and’ no evidence of an intra- 
uterine pregnancy. The right adnexa measured 


-2.8 xX 1.9cmwitha2.0 x 1.6cmcystic structure lateral 
to the adnexa and probably within the ovary, with a 


peak systolic velocity, of 25 cm/sec.. The end-diastolic 


ps 


velocity was 15 cm/sec. Doppler examination of the left 


- adnexa revealed a peak systolic velocity of 7 cm/sec. 


That same day the patient underwent a curettage and 


‘diagnostic laparoscopy. Both frozen and permanent 


sections of the curettage material revealed no products 


of conception. Gestational endometrium with Arias- 


Stella reaction was seen. On laparoscopy, the right tube, 
cornual portion of left tube, left ovary, uterus, cul-de- 


= sac, and upper abdomen were all completely normal 


without evidence of ectopic gestation. However, the 


_ right ovary contained a 1.5 x 2.0 cm vascular cystic 


structure separate from the tube and consistent with 
an Ovarian pregnancy. The procedure was terminated 


‘without disturbing the ovarian pregnancy. The patient 
. was given 72 mg (50 mg/m’) of methotrexate intra- 
‘ muscularly in two divided doses and discharged home 
: : on ectopic precautions. . 
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The B-human chorionic gonadotropin titers gradu- 
ally declined to 0 on Feb. 17, 1992 (Fig. 1), and the 
patient remained asymptomatic. 


Comment 


The traditional treatment for an ovarian pregnancy 
was ipsilateral oophorectomy. More recently, more con- 
servative Ovarian surgery, such as cystectomy or wedge 
resection, at both laparotomy and laparoscopy has been 
successfully achieved. ' 

Previously, Koike et al.* reported the first successful 
case of unruptured ovarian pregnancy treated medi- 
cally by local injection of 0.5 mg prostaglandin F,, with 
an additional dose of 1.5 mg of prostaglandin E, (di- 
noprostone) administered orally for 14 postoperative 
days. 

Currently, methotrexate had become a well-estab- 
lished conservative’ mode of therapy for small, unrup- 
tured tubal pregnancies. It follows that treatment with 
methotrexate should also be advantageous in preserv- 
ing the ovary in patients with unruptured ovarian preg- 
nancies. However, the limiting factor is that it is cur- 
rently difficult to diagnose an ovarian pregnancy pre- 
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operatively, and therefore the diagnosis is often 
retrospective.’ In our case not only was methotrexate 
an effective therapeutic intervention for a laparoscop- 
ically documented unruptured ovarian pregnancy, but 
its use also allowed us to circumvent more interven- 
tional surgery, thereby preventing possible complica- 
tions such as hemorrhage, ovariectomy, or subsequent 
pelvic adhesive disease. 

Our case demonstrates that single-dose intramus- 
cular methotrexate is an effective therapeutic option in 
the management of the patient with an early unrup- 
tured ovarian pregnancy. This facilitates a conservative 
approach to treatment of such young, healthy, fertile 
women desiring future childbearing. 
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Umbilical venous pressure in nonimmune hydrops fetalis: 


Correlation with cardiac size 


Pam Johnson, MB, BS,* Gurleen Sharland, MB, BS, Lindsey D. Allan, MB, BS, 
Michael J. Tynan, MB, BS, and Darryl J. Maxwell, MB, BS* 


London, England 


OBJECTIVES: Our objectives were to examine the relationship between umbilical venous pressure and 
cardiac size in nonimmune hydrops fetalis and to assess the role of cardiac failure in the pathogenesis of 


the disease. 


STUDY DESIGN: Fourteen fetuses with nonimmune hydrops fetalis were investigated in a tertiary referral 
unit with high-resolution ultrasonography, echocardiography, and fetal blood sampling. Fetal heart size was 
assessed by measurement of the cardiothoracic ratio. Umbilical venous pressure was measured at the 


time of fetal blood sampling with a fluid-filled system. 


RESULTS: The 10 fetuses with elevated umbilical venous pressures had significantly increased 
cardiothoracic ratios {p = 0.02). These fetuses also had ascites. Four other fetuses had normal-sized 
hearts, normal umbilical venous pressures, and no ascites. There was a linear relationship between 
cardiothoracic ratio and umbilical venous pressure (r = 0.75, p = 0.003). 

CONCLUSION: Measurement of umbilical venous pressure validates cardiothoracic ratio as a noninvasive 
assessment of cardiac function in nonimmune hydrops. (Am J Osstet GYNECOL 1992;167:1309-13.) 


Key words: Nonimmune hydrops, umbilical venous pressure, cardiothoracic ratio, 


intrauterine cardiac failure 


The antenatal diagnosis of nonimmune hydrops fe- 
talis remains a considerable challenge to the practicing 
clinician. Fetal blood sampling under ultrasonographic 
guidance is now an integral part of the investigation of 
such cases, and its use has served to further highlight 
the wide diversity of fetal and maternal conditions as- 
sociated with this diagnosis. However, uncertainty with 
regard to the underlying pathophysiologic conditions 
gives rise to considerable difficulty in management. 

There are numerous causes of nonimmune hydrops, 
including congenital heart disease,’ fetal infections, and 
association with other structural and karyotypic anom- 
alies.** Nonimmune hydrops is associated with high 
rates of fetal and neonatal loss,’ although successful 
prenatal therapy has been reported in a variety of cases. 
Such therapy usually involves the treatment of fetal 
heart failure? or drainage of fluid collections®* ° but 
may include intrauterine transfusion of blood" or al- 
bumin.'* Treatment in the past has often been empiric 
and has not been based on the results of investigations, 
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but with the invasive fetal investigation now available 
appropriate therapy can be offered in some cases. 

It is thought that the majority of cases of hydrops 
fetalis represent intrauterine cardiac failure," In post- 
natal life cardiac failure is accompanied by an increase 
in cardiac size and an elevation of central venous pres- 
sure. In the fetus cardiomegaly can be assessed by mea- 
surement of the cardiothoracic ratio.'* Umbilical ve- 


_ nous pressure, which is believed to reflect central ve- 


nous pressure, can be measured at the time of fetal 
blood sampling.’*'!” We have recorded venous or atrial 
pressures and the cardiothoracic ratio for the investi- 
gation of nonimmune hydrops in a series of 14 fetuses 
referred to the Fetal Medicine Unit at Guy’s Hospital. 


Patients and methods 


Nonimmune hydrops fetalis is defined as the pres- 
ence of excess fluid in two or more sites with no evi- 
dence of circulating antibodies to red blood cell anti- 
gens.’ Fourteen patients referred to the Fetal Medicine 
Unit for the investigation of nonimmune hydrops fe- 
talis underwent ultrasonographically guided fetal blood 
sampling, with measurement of umbilical venous or 
cardiac pressure. The patient details are provided in 
Table I. All patients had a detailed fetal anomaly scan, 
including echocardiography, with high-resolution ul- 
trasonography equipment (Acuson 128, Hewlett Pack- 
ard ultrasound system, and ATL Ultramark 4). Car- 
diothoracic ratios were documented by measuring the 
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‘Table I; Patient details and results l 
_ Fluid accumulation ” 
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cardiac and thoracic circumferences at the level of the The relationship between venous pressure and car- 
four-chamber view of the fetal heart during diastole, diothoracic ratio was examined by applying the z test. 
and the ratio of these two measurements was compared (standard normal deviate) and the correlation coeffi- | 
with the normal range for the gestational age. cient. l ; 
Maternal blood was drawn befcre fetal blood sam- - a a i 
‘pling for virologic testing, Kleihauer-Betke stain, blood Results . 
group typing, and antibodies. - ' | A summary of the ultrasonographic findings: final 
Fetal blood sampling was performed with a freehand diagnosis, and umbilical pressures is shown in Table I. 
` technique under continuous ultrasonographic con- Fig. 1 compares the cardiothoracic ratio with the nor- 
trol.® In 13 cases the sampling was from the placental mal. range for gestation. The asterisks indicate those _ 
insertion of the umbilical cord, and in the remaining fetuses with normal umbilical pressures. In all these | 
case puncture of the right atrium was performed. Fetal ` cases the cardiothoracic ratio was within the normal 
” blood was sent for the-following tests: complete blood - . range, whereas the ratio was above normal in all cases 
cell count, karyotype, virologic testing including par- with elevated umbilical venous pressures. 
‘vovirus; urea and electrolytes, protein estimation, ‘and - -. Fig.,2 demonstrates the umbilical venous pressures 
blood group. Fetal vascular pressure was recorded with in the hydrops cases compared with our range in nor- 
a fluid-filled system after diagnostic samples had been mal fetuses (mean + SD 4.5 + 2.3 mm Hg). In the 
taken. Amniotic pressure was also recorded, and fetal presence of ascites the umbilical venous pressure was 
` pressures were zeroed at amniotic pressure. The needle always elevated >2 SD from the mean. However, in the 
_ was flushed with heparinized normal saline solution (1 four cases without ascites umbilical venous pressure was _ 
uml) after the sample had been taken, and the direc- within the normal range. In the one case in which right 
‘tion of flow was observed by ultrasonographic imaging _ atrial pressure was recorded (No. 11), a reading of 9° 
of the cord to confirm whether vein (flow away from | mm Hg was obtained, which is both above the normal 
the placenta) or artery, How to the placenta): had. been range for venous pressure and above our normal range 


punctured. PANT a y of atrial pressures (unpublished data). In this fetus, 
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Fig. 2. "Uinbilical venous pressure of cases studied plotted against normal range for gestation (me- `` 
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which had marked skin, edema, pleural effusions, and 


ascites, there ‘was no evidence of tricuspid MEO MDE: 


' tence: -7 TA 


-One fetus with’ isolated ascites was. also investigated. 


The cardiothoracic ratio was normal, and umbilical ve- 


nous pressure was'well within the normal range at 2. 
_ mm Hg.. 


„Statistical analysis. The cardiothoracic ratio was sig- 
nificantly elevated in all cases in which the.venous pres- 
sure was raised (p = 0.02). There was a significant cor- 
relation between cardiothoraci¢ ratio and umbilical ve- 
nous pressure, as shown in Fig. 3(r = 
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‘Comment 
The exact pathogenesis of nonimmune hydrops fer. 
talis remains unclear and in most cases is probably a. 
combination of two or more factors: ‘The three main 
pathologic conditions currently believed to be involved 


in the development of hydrops are cardiac failure, ane-. - 


mia, and. hypoproteinemia. 
Cardiac failure is believed to be the mist. common 
mechanism whereby hydrops develops.” However, the 


_ evidence to support this has so-far been baséd on non- | 
invasive assessment of: cardiac function and postmor- 
i tem studies,* p although elevation of umbilical pressure 
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Fig. 3. Cardiothoracic ratio plotted against umbilical venous pressure. 


has been previously noted." The diagnosis of intra- 
uterine cardiac failure is often made in the presence of 
cardiac dysfunction without any hard evidence. 

Information obtained from invasive fetal investiga- 
tion has confirmed anemia and hypoproteinemia to be 
present in a number of.cases.”° Anemia may lead to 
high-output cardiac failure. The role of hypopro- 
teinemia is less clear. Many fetuses with hydrops have 
reduced plasma protein levels, but the cause of this is 
obscure. Hypoproteinemia may occur as a result of the 
loss of protein into the extravascular space, therefore 
being a secondary effect of the hydrops rather than a 
contributing factor. However, low fetal plasma protein 
levels would be expected to lead to a reduction in 
plasma colloid oncotic pressure and therefore aid the 
formation of extravascular fluid collections. 

In extrauterine life cardiac failure is associated with 
an increase in cardiac size and elevation of central ve- 
nous pressure. The umbilical venous pressure can rea- 
sonably be expected to reflect central venous pressure 
in the human fetus.’ Elevation of umbilical venous 
pressure in hydrops fetalis has been recorded previ- 
ously.'*'® However, these reports contained no evidence 
of formal assessment of cardiac function, and the au- 
thers assumed that elevation of umbilical venous pres- 
sure indicated cardiac failure. In this series the signif- 
icant relationship between cardiac size and venous pres- 
sure provides direct evidence of cardiac failure in some 
cases of fetal hydrops. 

It is interesting to note that only when ascites is pres- 
ent are cardiac size and venous pressure increased. In 
no case without ascites did we find evidence to suggest 
that cardiac failure was present. One possible expla- 


nation for the elevation of venous pressure in the pres- 
ence of ascites is compression of the intraabdominal 
portion of the umbilical vein. The associated increase 
in cardiac size in these cases suggests that this is not the 
primary mechanism. Furthermore, in a case of isolated 
ascites not fulfilling our definition of nonimmune hy- 
drops the cardiac size and umbilical venous pressure 
were within normal limits. Cardiac failure therefore 
seems to be one of the mechanisms underlying hydrops 
associated with ascites. 

From Table I it can be szen that the nature of as- 
sociated pathologic conditions is consistent with our 
findings, with an underlying problem present within 
the cardiovascular system (including severe anemia) in 
all those cases where evidence was found of cardiac 
failure. The high incidence of cardiac abnormality re- 
fects the bias in our referral population. There appear 
to be two populations of nonimmune hydrops fetalis: 
those with cardiac failure and those without. There is 
a marked difference in the outcome of these two 
groups. Seven of the 10 fetuses with ascites survived, 
whereas three of the four without ascites died, the 
fourth case undergoing elective termination of preg- 
nancy. This suggests a better prognosis when cardiac 
failure is present, particularly because therapy for 
some causes of fetal cardiac failure is available prena- 
tally.® 7,21 

The statistically significant relationship between um- 
bilical venous pressure and the cardiothoracic ratio val- 
idates this noninvasive test of cardiac function, both in 
initial assessment of the fetus and in monitoring 
therapy. 

Thorough investigation of all cases of nonimmune 
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hydrops fetalis is an essential prelude to sensible man- 
agement. Ultrasonographically guided fetal blood sam- 


pling helps us diagnose associated conditions and, when — 


combined with measurement of the cardiothoracic ratio 
and measurement of umbilical venous pressure, can 
identify cases where cardiac failure is present. If pre- 
natal therapy is instituted, measurement of the cardio- 
thoracic ratio is likely to be of considerable value in 
monitoring the fetal condition. 


We thank Richard Morris for his statistical advice. 
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| Monitoring ji intravascular fetal transfusions with 


Doppler velocimetry 


Siegfried Rotmensch, MD, Marco Liberati, A MD, Jia-Sen Luo, MD, and John C. `. Hobbins, MD G ai 


New Haven, Connecticut - 


Intravascular fetal transfusions are occasionally complicated by extravascular deposition of transfused 
blood or by fétal bradycardia on.penetration of the needle into the umbilical cord. It is desirable therefore 
, to continuously monitor the intravascular location of the needle and the fetal heart rate..This cari be 
achieved by Doppler velocimetry of the umbilical vein and artery during the procedure. The technique is 
easily performed, does not require moving of the ultrasonography transducer, and appears to be time 


efficient. (Am J Osstet Gyneco 1992;167:1314-6.) 


Key words: Intravascular fetal transfusion, Doppler velocimetry . 


‘Tne technique of intrauterine transfusion by cordo- _ 


centesis has been extensively described and is widely 


used for treatment of fetal anemia. Ascertainment of | 
the intravascular location of the needle tip is occasion- .. 


ally difficult and can present a technical challenge. Loss 
of intravenous needle positioning can result in extrava- 


_” sation of transfused blood into Wkarton’s jelly and the “ 


amniotic cavity. Fetal death because of an umbilical 
cord hematoma has been described.’ 


‘Fetal bradycardia is also .occasionally encountered - 
during cordocentesis and can necessitate termination of | 
the procedure and emergency delivery.” Monitoring of ` 


fetal heart rate.(FHR) during the procedure is therefore 
mandatory. We describe the use of Doppler velocimetry 
of the umbilical artery and vein during intravascular 


transfusion as a simple means for monitoring FHR and. 


for ascertaining needle tip location. 


Technique _ 


"The technical details of percutaneous access to the 


.. fetal umbilical circulation have been’ described. else- 


where. Once intravascular needle placement has been 
achieved, a pretransfusion blood’ sample is obtained 
and in most cases the fetus ts pharmacologically para- 
lyzed. At this point Doppler velocimetry of the umbili- 
cal vein is performed. The Dopoler gate is superim- 


t 


posed on the real-time image and positioned over the - 
umbilical vein close to the needle insertion- site, A` 
typical homogeneous Doppler flow signal is obtained.’ 


Then the transfusion is started, and donor blood is 
. slowly injected under continuous ultrasonographic ob- 
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servation. The Doppler flow signal of the vein will’ 
become remarkably stronger (Fig. 1). Auditory moni- 
toring of the Doppler shift signal will reveal a change 
from the homogeneous low-pitched sound of venous 
flow to a high-pitched, erratic sound. Both the auditory | 
and the visual displays correspond with the infusion 
pressure manually generated in the blood- filled syringe 
by the assistant. 

It is frequently necessary at this point to adjust the . 
Doppler scale and baseline, because the’ high-velocity 
signals of the injected blood can create intense aliasing. 
Itis advisable to adjust the signal display so that.the 
baseline venous flow occupies only the lower portion of 
the screen. The Doppler gain should be set relatively . 
low. This will allow for a dramatic display. of the 
high-velocity signals of the infused-blood. Use of color 
Doppler flow of the umbilical vein will also demonstrate 
evidence of remarkable turbulence concurrent with, 
blood injection. When the needle is dislodged from the 
umbilical vein, the. Doppler signals characteristic for 
intravascular blood injection disappear. 

When monitoring of FHR is desired, the sonographer 
moves the Doppler gate on the screen to the adjacent 
umbilical artery (Fig. 2). This can be achieved by a 
minimal movement of the trackball of the ultrasonog- 
raphy machine, and there is no need to change ‘the. 
position of the transducer on the patient’s abdomen. A 
characteristic display of the umbilical artery Doppler 
signal appears, which allows for the immediate detec- 
tion of fetal Drauyeargias. 


7 


Comment. 


The intravascular position of the needle tip during 
fetal transfusions can be ascertained by direct ultra- 
sonographic visualization, observation of echogenic tur- 
bulence within the vessel distal to the transfusion site, — 
withdrawal of blood with a syringe, and lack of turbu- 
lence in the amniotic fluid adjacent to the needle 
insertion site. Experienced assistants can usually pre- 
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Fig. 1. Doppler signal display of umbilical vein during intravascular transfusion. When blood is not 
transfused, signal is relatively weak (a). When assistant exerts pressure on blood-filled syringe (b), 
Doppler signal increases remarkably in intensity, reflecting intravascular deposition of blood with high 
flow velocity. 
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Fig. 2. Doppler velocimetry of umbilical artery displays typical waveform pattern, which allows for 
ascertainment of normal FHR. In this case arterial and venous Doppler signals could be obtained 
concurrently. a and b, Periods of no transfusion and transfusion, respectively. 
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dict the needle tip location by the manual force re- 
quired to inject blood into the fetal vessel, because the 
amniotic cavity and umbilical vein and artery have 
different resistances to blood transfusion. Nevertheless, 
dislodgement of the needle tip during transfusion and 
temporary uncertainty about its position are not un- 
common. This situation happens more frequently when 
ultrasonographic visualization is difficult, in the obese 
patient, and after inadvertent introduction of air bub- 
bles. Dislodgement occurs most frequently during a 
uterine contraction or when pressure on the maternal 
abdomen is altered by moving the transducer or the 
operator’s hand. Ascertainment of the FHR is one of 
the situations that requires moving the transducer away 
from the needle insertion site to visualize the fetal 
heart. 

The technique described allows for ascertainment of 
the needle position during intravascular transfusion 
and fetal well-being without moving the ultrasono- 
graphic transducer and even when detailed visualiza- 
tion is difficult. The technique is easily performed by 
the assistant assigned to operate the machine's key- 
board. 
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Fetal death caused by intraumbilical hematoma for- 
mation has been reported,’ and fetal bradycardia re- 
quiring immediate resuscitation and delivery occurs 
occasionally,’ particularly in the severely compromised 
fetus. If intravascular transfusion is continuously mon- 
itored during the procedure, these complications and 
the extravascular deposition of blood are less likely to 
occur. Accordingly, calculation of a posttransfusion he- 
matocrit is more likely to be representative of the true 
fetal hematocrit when a blood specimen cannot be 
obtained before withdrawal of the needle. We also 
found this technique to be more time efficient, because 
the transfusion does not have to be interrupted while 
FHR is checked. 
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Reproductive, menstrual, and medical risk factors for 
.endometrial cancer: Results from a case-control study 


Louise A. Brinton, PhD,* Michael L. Berman, MD, Rodrigue Mortel, MD,° 
Leo B. Twiggs, MD,° Rolland J. Barrett, MD,° George D. Wilbanks, MD,‘ Linda Lannom, MA, 


and Robert N. Hoover, MD* . 


Bethesda and Rockville, Maryland, Irvine, California, Hershey, E E Minneapolis, Minnesota, 


Winston-Salem, North Carolina, and Chicago, Inoi: 


OBJECTIVE: Our objective was to evaluate the risk for endometrial cancer in relation to reproductive, 


menstrual, and medical factors. 


STUDY DESIGN: A case-control study of 405 endometrial cancer cases and 297 population controls in 


five areas of the United States enabled risk to be evaluated. 


RESULTS: A major risk factor was the absence of a prior pregnancy (relative risk 2.8, 95% confidence 
interval 1.7 to 4.6). The protective effect of pregnancy appeared to reflect the influence of term births, 
because spontaneous and induced abortions were unrelated to risk. Among nulliparous women infertility 
was a significant risk factor, with women having sought medical advice having nearly eight times the risk 
of those without difficulty conceiving. After adjustment for other reproductive characteristics, age at first 


birth and duration of breast-feeding were not related to risk. 


‘CONCLUSIONS: Elevated risks were found for’subjects reporting early ages at menarche (relative risk 
2.4 for ages <12 vs =15) and longer days of flow (relative risk 1.9 for =7 vs <4 days), but there was no 
relationship with late ages at natural menopause. Height was not associated with risk, but there was a 
significant relation to weight, with the risk for 200 versus <125 pounds being 7.2 (95% confidence 
interval 3.9 to 13.3}. After adjustment for weight and other factors, histories of hypertension and 
gallbladder disease were not significantly related to risk, but an effect of diabetes persisted (relative risk 
2.0, 95% confidence interval 1.1 to 3.6). Hirsutism developing at older ages was also significantly related 
(relative risk 2.0, 95% confidence interval 1.2 to 3.4). (Am J Ossrer QYNECOL 4992:167:131 7-25.) 


Key words: Endometrial cancer, reproduction, menstruation, obesity, diabetes 


In the last several decades there have been numerous 
studies addressing the effects of exogenous estrogens 
on the risk of endometrial cancer." * Although relation- 
ships of different patterns of estrogen usage have now 
been well described, other epidemiologic characteristics 
of endometrial cancer remain less well clarified. In 
particular, questions remain as to the independence of 
various factors, because many of the identified risk 
factors appear to'be correlated. For example, it is well 
known clinically that the woman at risk for developing 
the disease is “fat, forty, and infertile,” but the relative 
importance of these factors has not been defined. Fur- 
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ther, there are speculations that women with histories of 
diabetes, hypertension, gallbladder disease, and thyroid 
disease may experience elevated risks, but whether 
these effects are independent of the recognized associ- 
ation of endometrial cancer with obesity has yet to be 
resolved. 

A variety of menstrual and reproductive characteris- 
tics have been shown to affect the risk of endometrial 
cancer, but the exact nature of these relationships is 
unclear. It is well known that multiparity is associated 
with reduced risk, but the role of miscarriages and 
spontaneous abortions has not been resolved. Further, 
the independence of effects of nulliparity and infertility 
and of age at menarche and menstrual irregularities 
have not been adequately addressed. The interrelation- 
ships between menstrual factors, reproductive factors, 
and weight are complex, with their respective roles in 
the pathogenesis of endometrial cancer being poorly 
understood. | 

To clarify the role of a variety of factors in the 
etiology of endometrial cancer, we undertook a multi- 
center study, enrolling a large number of newly -diag- 


nosed cases and matched population controls. Detailed 


information on a variety of relatively unexplored risk 
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factors was collected, allowing a number of emerging 
hypotheses to be examined. 


Material and methods 


This case-control study was a collaborative effort with 
participating centers in five areas of the United States — 
Chicago, Illinois; Hershey, Pennsylvania; Irvine and 
Long Beach, California; Minneapolis, Minnesota; and 
Winston-Salem, North Carolina. Cases were accrued 
from seven hospitals in these areas during the period 
June 1, 1987, through May 15, 1990. Eligible for study 
were all patients with newly diagnosed cancer of the 
uterine corpus (hereafter referred to as endometrial 
cancer) who were between the ages of 20 to 74 years, 
resided in defined geographic catchment areas, and 
had not received previous treatment for their cancer. A 
total of 498 women were considered eligible for study. 

For each eligible case we attempted to select one 
concrol matched for age (same 5-year group), race, and 
location of residence (this latter variable as an attempt 
to control for characteristics underlying referral of cases 
to the study hospitals). For patients <65 years old, 
controls were selected with random digit dialing tech- 
niques,” whereas older controls were selected with in- 
formation provided by the Health Care Financing Ad- 
ministration. 

Random digit dialing controls were selected by deriv- 
ing a residential cluster matched for the telephone 
exchange of each eligible case. Telephone numbers 
were called, and an enumeration of female members 
aged 20 to 64 in each household was attempted. Of 
15,820 telephone numbers sampled, 10,184 were as- 
sessed to be residential working numbers, and an enu- 
meration of female members was obtained for 86%. 
Older controls were derived by randomly selecting from 
current Health Care Financing Administration com- 
puter tapes a subject of the same age, race, and zip code 
of residence as each eligible case. After the initial 
selection of subjects, a short telephone questionnaire 
was administered to determine whether the subjects 
had intact uteri. A total of 125 of the initially selected 
random digit dialing controls and 88 of the Health 
Care Financing Administration controls were elimi- 
nated because of their not being at risk for developing 
endometrial cancer. These subjects were replaced with 
other eligible subjects, so that there was an eventual 
accrual of 304 controls through random digit dialing 
techniques and 173 through Health Care Financing 
Administration files. 

Interviewers trained in a standard manner conducted 
in-person interviews, usually in subjects’ homes. Inter- 
views lasted somewhat > 1 hour (mean 76 minutes) and 
elicited detailed historic information on demographic 
factors, pregnancies, menstruation and menopause, 
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contraceptive behavior, use of exogenous hormones, 
diet, alcohol intake, body size changes, smoking, med- 
ical conditions, and family history of cancer. Interviews 
were completed with 434 of 498 eligible cases (87.1%) 
and with 313 of 477 eligible controls (65.6%). Eligible 
subjects who could not be interviewed were not re- 
placed. The reasons for nonresponse were refusals 
(4.8% of cases vs 21.8% of controls), illness (1.0% vs 
2.3%), death (1.0% vs 1.0%), communication problems 
(3.6% vs 2.5%), relocation of subjects or inability to 
locate them (0.2% vs 3.1%), and other problems (0.2% 
vs 3.6%). In addition, physician consent for interview 
was denied for 2.0% of the cases. The response rate was 
considerably higher for the random digit dialing than 
the Health Care Financing Administration controls 
(76.3% vs 46.8%), primarily because of a lower refusal 
rate among the younger subjects (16.8% vs 30.6%). 

All cases were confirmed by pathologic examination, 
with 93% of the interviewed cases having a classification 
of epithelial cancer. Because of the distinctive epidemi- 
ologic characteristics of sarcomas,* this analysis focused 
on interviews with the 405 epithelial cancer cases and 
their 297 matched controls. 

To estimate the risk of endometrial cancer associated 
with various factors, we calculated odds ratios as ap- 
proximations of relative risks. Unconditional logistic 
regression was used to adjusz for potential confounding 
variables, with maximum likelihood estimates of relative 
risks and 95% confidence intervals derived.” The exclu- 
sion of 1.0 from this confidence interval indicated that 
the associated relative risk was statistically significant at 
p < 0.05. The risk factors that were most correlated 
with other exposures of interest, and therefore poten- 
tial confounders, were education, number of births, 
weight, and exogenous hormone use. A generalized 
model incorporating these variables (in addition to age) 
was used to evaluate the role of other potential risk 
factors. When it was necessary to adjust for other 
potential confounders, models were expanded to incor- 
porate these additional variables. Tests for trends in the 
logistic analyses were obtained by categorizing the ex- 
posure variable and treating the scored variables as 
continuous, after unknown values were eliminated. 


Results 


The mean age of the cases at interview was 59.2 years, 
compared with 58.0 years among the controls. Cases 
and controls were comparable in regard to race, with 
the majority classifying themselves as non-Hispanic 
white (Table I). Although cases were more educated 
than were controls, there were no significant differences 
between the two study groups according to reported 
family income. Cases reported less frequent use of oral 
contraceptives than did controls (use for 25 years 5.2% 
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vs 11.8%, respectively), whereas estrogen use was more 
frequent among cases (use for 25 years 12.3% vs 3.7%, 
respectively). 

Risks associated with different reproductive events 
are shown in Table II. Cases were much more likely 
than controls to have never been pregnant (age-adjust- 
ed relative risk 2.8, 95% confidence interval 1.7 to 4.6). 
Among gravid women there was a significant linear 
trend of decreasing risk with increasing numbers of 
pregnancies. This relationship, however, was entirely 
attributable to effects of numbers of live births or 
stillbirths, because induced abortions and miscarriages 
were not independent predictors of risk. Histories of a 
prior live birth and stillbirth were associated with sim- 
ilar reductions in risk, and after adjustment for other 
pertinent risk factors women with one or more term 
births had a relative risk of 0.4 (95% confidence interval 
0.2 to 0.6) compared with women with no prior births. 
In addition, there was a significant trend of decreasing 
risk with number of births (p for trend <0.001). After 
the number of births was controlled, there was no 
relationship of risk with age at which the first birth 
occurred. Ever having breast-fed an infant was not 
associated with risk, nor was total duration of breast- 
feeding. 

To assess the extent to which nulliparity effects were 
explained by infertility, we evaluated risk in relation to 
whether the patient reported ever having had difficulty 
conceiving (attempting to get pregnant for at least two 
consecutive years without success) and whether advice 
had ever been sought for infertility. Histories of either 
of these occurrences were not strongly associated with 
risk (respective relative risks of 1.2 and 1.1). However, 
when we examined histories of infertility according to 
parity status (Table III), we found that among married, 
nulliparous women both difficulty conceiving and hav- 
ing sought medical advice for infertility were risk fac- 
tors. Thus among this subgroup difficulty conceiving 
was associated with a relative risk of 1.8 (95% confi- 
dence interval 0.4 to 7.6), whereas a medical workup for 
‘infertility was associated with a significant 7.6-fold in- 
creased risk (95% confidence interval 1.4 to 40.2). 
Never-pregnant and never-married women were at a 
slightly elevated risk relative to nulliparous women 
without difficulty conceiving, presumably because this 
group of unmarried women comprised both fertile and 
infertile women. We attempted to assess whether the 
excess risk associated with medical workups for infertil- 
ity could be attributed to any specific cause of infertility, 
but many women were unable to provide this informa- 
tion and there were few women within any one cause of 
infertility grouping. 

Relationships with reported anthropometric variables 
revealed no linear relationship of risk with height (Ta- 
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Table I. Distribution of endometrial cancer 
cases and controls by selected 
demographic factors 





Age (yr) 
<45 39 9.6 34 ll4 
45-54 78 193 70 23.6 
55-64 146 36.0 109 36.7 
=65 142 = 35.1 84 28.3 
Race 
White, non-Hispanic 360 88.9 269 90.6 
White, Hispanic 10 2.5 9 3.0 
Black, non-Hispanic 23 5.1 16 5.4 
Other 7 1.7 3 1.0 
Unknown p 12 0 — 
Education (yr) 
<12 84 20.7 76 256 
12 123 30.4 91 30.6 
13 to 15 63 15.6 60 20.2 
=16 128 316 67 22.6 
Other l 0.2 3 1.0 
Unknown 6 1.5 0 — 
Family income 
<$10,000 65 16.0 43 145 
$10,000 to $29,999 119 29.4 110 37.0 
$30,000 to $49,999 108 26.7 65 21.9 
$50,000 to $69,999 33 8.1 27 9.1 
=$70,000 53 13.1, 35 11.8 
Unknown 27 6.7 17 5.7 


ble IV). Weight was a strong predictor of risk, although 
substantially elevated risks were restricted to the highest 
extremes of weight. Subjects reporting a prediagnostic 
weight of 2200 pounds had more than seven times the 
risk of those weighing <125 pounds, whereas the risk 
was elevated nearly ninefold among the small group 
weighing =225 pounds (data not shown). Examination 
of Quetelet’s index (weight + height’) showed increases 
in risk for subjects with higher body masses, although 
effects with this variable were of somewhat lesser mag- 
nitude than weight alone. Thus subjects with Quetelet’s 
index =32 were at a fourfold excess risk, whereas the 
risk rose to 6.0 among the limited number of subjects 
with an index of 235. 

Age at menarche was inversely associated with risk, 
with those reporting onset before age 12 having ap- 
proximately twice the risk as those whose periods began 
at age 215 (Table V). This relationship was unaffected 
by further adjustment for a history of infertility or for 
weight at young ages (i.e., immediately before and after 
adolescence). Risk did not vary by histories of amenor- 
rhea or by usual regularity of the menstrual cycle, 
although more cases than controls could not recall 
when their cycles became regular (data not shown). 
However, risk was elevated among women with longer 
days of flow, an association that persisted after adjust- 
ment for age at menarche. Subjects were also ques- 
tioned about various physical changes associated with 
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Table I. Relative risks of endometrial cancer by reproductive factors 





Ever pregnant 


Yes 328 973 
No ETT: 24 
' No. of term births o 
0 90 28 
. ol 66 3] 
2 86 37 
3 71 57 
4 ' 49 35 
>5 43 59 
Trend test 
No. of miscarriages 
317 218 
] i ' 62 55 
=? 26 24 
‘Trend test 
Ever had an Wad enok 
No . 383 279 
Yes 22 18 
Ever breast-fed$ 
No 83 67 
Yes 169 


95% Confidence 
interval 








Relative 
riskt 


1.00 

2.79 

1.00 . 1.00 

0.63 0.55 0.3-1.1 

0.31 - 0.32 0.2-0.6 

0.37 0.42 0.2-0.8 

0.4] 0.54 0.3-1.0 

0.21 0.22 0.1-0.4 
p<0.0C1. 

1.00 1.004 

0.76 0.99 0.6-1.6 

0.72 1.09 0.6-2.1 
p = 0.84 

1.00 + 1.00 

0.94 1.00 — 0.5-2.0 

1.00 1.00}, 

0.87 , 1.0] 





Adjusted for age at interview. 


jaAdjusted for age at interview, years of education, recent weight, oral contraceptive use, and menopausal estrogen use. 


tAdjusted additionally for number of births. 
§Excludes women with no live births. 


t 


Table III. Relative risks of endometrial cancer by parity and histories of difficulty conceiving or having 


sought medical advice for infertility 


Nulliparous, no difficulty sal 
Nulliparous, no advice sought 14 
Nulliparous, advice sought 21 
` Parous, no difficulty 272: 


Parous, no advice sought 19 
Parous, advice sought | 
Never married and never pregnant 


No. of -> No. of Relative 
Cases controls risk* 


95% Confidence 


interval =: 
12 1.00 
4 1.82 0.4-7.6 
2 , 7.57 1.4-40.2 
234 0.65 0.3-1.5 
23 0.52 0.2-1.4 
10 1.46 0.5-4.3 


* Adjusted for age at interview, years of education, recent weight, oral contraceptive use, and menopausal estrogen use. 


menstruation, including weight gain, breast tenderness, 
severe headaches, severe cramps, marked irritability, 
and back pain, but none of these were associated with 
any substantial alterations in risk. 
The majority, of subjects were menopausal, with most 
having undergone a natural menopause. Naturally 
menopausal women had a risk similar to that of pre- 


menopausal subjects’ (relative risk 1.1). Among the 
naturally menopausal women there was no evidence of » 


a relationship of risk with age at menopause. Adjust- 


ment for additional variables, incuding age at men- - 


arche or smoking, did not alter the effect. The absence 
of an association persisted even when analyses were 
restricted to low-risk subgroups (e.g., thin women, 
smokers, and nonusers of estrogen). 

When subjects were questioned regarding physician- 


fo, 
diagnosed diseases that developed at least 1 year before 
diagnosis (or equivalent period for controls) (Table VI), 
excess age-adjusted risks were associated with histories 
of diabetes (relative risk 2.2), gallbladder disease ‘(rela- 
tive risk 1.8), and endometriosis (relative risk 2.1). The 
association with gallbladder disease, however, did not 
persist after adjustment for other factors, notably 
weight (relative risk 1.4, 95% confidence interval 0.8 to 
2.3). The increased risk associated with diabetes re- 
mained significant after adjustment (relative risk 2.0, 
95% confidence interval 1.1 to 3.6), even when weight 
was adjusted for as a continuous variable. In addition, 
the association remained when only diseases diagnosed 
> 5 years before diagnosis were considered (rélative risk 
2.1, 95% confidence interval 0.9 to 4.7). The majority of 
subjects (70%) reported non—insulin-dependent diabe- 
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Table IV. Relative risks of endometrial cancer by height; weight, and body mass index 


95% Confidence 


interval 





Herght (in) 


<62 61 
62-63 107 
64-65 120 
66-67 TI 
=68 ; 35 
Unknown l 5 

Trend test 

Weight (lb) 
<125 62 
125-149 102 
150-174 63 

> 175-199 56 
=900 117 ' 
Unknowr 5 

Trend test' 

Body mass indext 
<23 96 
23-25 63 
26-28 46 
29-31 . 60 
>32 135 
Unknown . 5 

Trend test; 


1.94 
7.18 
1.87 

p < 0.001 


1.00 
0.82 
0.88 
2.70 
. 4.15 
0.59 

'p < 0.001 





*Adjusted for age at interview, years of education, number of births, oral contraceptive use, and menopausal estrogen use. 


fQuetelet’s index: Weight (kilograms)/ Height (meters). 


tes, which was associated with a slightly higher risk 


(relative risk 2.1, 95% confidence interval 1.0 to 4.2), 


than insulin-dependent diabetes (relative risk 1.7, 95% 
confidence interval 0.6 to 4.6). The positive association 
of risk with a prior diagnosis of endometriosis became 
stronger after adjustment for parity but nonetheless 
remained nonsignificant (relative risk 2.9, 95% confi- 
dence interval 0.5 to 7.3). Other diseases, including 
hypertension, thyroid disease, arthritis, blood clots, and 
liver disease were not associated with any substantial 


alterations in the risk of endometrial cancer: A history » 
- of having been diagnosed with high cholesterol levels | 


was associated with a significant reduction in risk (rel- 
ative risk 0.6, 95% confidence interval 0.4 to 0.9). 


Histories of pelvic inflammatory disease and polycystic | 


ovaries were both associated with substantially reduced 
risks, but .the numbers of women involved were small 
and neither of the associations were statistically signif- 
icant. 


Subjects were also questioned: regarding two condi- — 


tions not necessarily diagnosed by a physician, namely 
the occurrence of excess facial hair (to the extent that 


removal was considered) and acne that appeared to be 


of a greater degree than that experienced by their _. 


peers. A problem with excess facial hair was associated | 


with a significant 2.0-fold excess risk (95% confidence 
interval 1.2 to 3.4) with. the elevations in risk entirely 
attributable to problems arising when subjects were 
240 years old. In contrast, self-diagnosed problems 


with acne were not associated with an excess risk (rela- 
tive risk 1.0). 

A total of 19 cases and 20 controls reported a per- 
sonal history of cancer other than nonmelanotic skin 
cancer, with breast cancer having affected two cases 
versus eight controls. A history of cancer in a first- 
degree relative generally was not associated with an 
excess risk for endometrial cancer (relative risk 0.8), 
although more cases than controls (five versus one) 
reported a first-degree female relative with endometrial 
cancer. ` 

Because of the use of different controls for younger 
versus older subjects and the possibility of variations in 
risk patterns according to age at diagnosis of endome- 
trial cancer, we examined risk factors separately for ` 
subjects under and over age 65 (Table VII). This anal- 
ysis showed similar patterns of risk across the two age 
groups, with the exception of a history of infertility, 
which was a risk factor among the younger subjects and 
an apparent protective factor among the older women. 
The magnitude of risk associated with a number of 
factors was higher among the older subjects, although ' 
the fewer number of subjects involved led to greater 
instability of the estimates. 


Comment 
Similar to a number of other investigations, this study 
confirmed’ that nulligravidity is a major risk factor for 
endometrial cancer,” with the absence of a previous 
t 
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Table V. Relative risks of endometrial cancer by menstrual characteristics 


Relative 
risk* 


95% Confidence 
interval 








215 34 4] 1.00 
14 55 47 1.60 0.8-3.1 
13 111 90 1.37 0.8-2.5 
12 116 74 1.79 0.9-3.3 
<12 88 43 2.41 1.2-4.7 
Unknown l 2 1.88 0.1-23.1 
Trend test p = 0.01 
Days of flow 
1-3 55 57 1.00 
4-6 281 203 1.47 0.9-2.4 
=7 67 36 1.90 1.0-3.6 
Unknown 2 l 1.10 0.1-17.7 
Trend test p = 0.04 
Type of menopause 
Premenopausal 96 83 1.00 
Natural menopause 300 207 1.10 0.6-2.0 
Other . 2 7 0.29 0.1-1.3 
Unknown 6 0 
Age at menopauset 
<45 39 28 1.00 
45-49 89 69 0.88 0.5-1.7 
50-54 133 83 0.99 0.5-1.8 
255 36 27 0.77 0.4-1.7 
Unknown 3 0 
Trend test p = 0.74 





“Adjusted for age at interview, years of education, number of births, recent weight, oral contraceptive use, and menopausal 
estrogen use. 


tRestricted to naturally menopausal women. 


Table VI. Relative risks of endometrial cancer by selected medical diagnoses 


No. of No. of Relative Relative 95% Confidence 
CASES conirols risk” riskt interval 


Hypertension: 154 101 1.16 0.94 0.6-1.4 
Diabetes 58 i 21 2.18 1.95 1.1-3.6 
Gallbladder disease 78 35 1.77 1.41 0.8-2.3 
Thyroid disease 77 44 1.35 0.98 0.6-1.5 
Arthritis 127 100 0.87 0.70 0.5-1.0 
High cholesterol 59 65 0.58 0.56 0.4-0.9 
Blood clots 25 16 1.13 1.04 0.5-2.1 
Liver disease 9 5 1.33 1.55 0.4-5.4 
Endometriosis 5 2 2.14 2.92 0.5-7.3 
Pelvic inflammatory disease 9 13 0.55 0.56 0.2-1.5 
- Polycystic ovaries 2 6 0.26 0.30 0.0-1.7 


*Adjusted for age at interview. Unknowns were included in analysis but are not presented in table. 
+Adjusted for age at interview, years of education, number of births, recent weight, oral contraceptive use, and menopausal 
estrogen use. : 


pregnancy being associated with a nearly threefold results, breast-feeding did not appear to alter the risk of 


elevation in risk. The protective effect of pregnancy endometrial cancer.® 1» 1? 

appeared to be dependent on the pregnancy being Studies showing higher endometrial cancer risks for 
carried to term, because prior miscarriages and induced married nulliparous women than for unmarried women 
abortions had no independent effects. The occurrence suggest that infertility may play an etiologic role.® " 
of one or more births was associated with about a 60% Few studies, however, have specifically examined infer- 
decrease in risk compared with no prior births, with risk tility in relation to risk for endometrial cancer. One 
decreasing somewhat further with additional births. study noted a nonsignificant elevation in risk, whereas 
Unlike the relationship with breast cancer, the age at another noted a relative risk of 3.5 for women who 


which a woman first gave birth did not appear related reported an inability to achieve pregnancy for 23 
to risk. In addition, in accordance with other study years.” Our study highlighted the difficulties in assess- 
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Table VII. Endometrial cancer risk factors by age at onset of disease* 


Subjects aged <65 yr | 


No. : 
of Relative — 
cases risk 

Education (yr) 

<12 46 1.00 

12 . 86 1.54 

13-15 40 1.05 

=16 88 2.25 
No. of births 

0 GI 1.00 

l 33 0.45 

2 62 0.37 

3 44 0.40 

=4 63 = 0.33 
Previous infertility 

No 199 1.00 

Yes, no advice sought 36 1.94 

Yes, advice sought 28 1.45 
Weight (Ib) 

<150 104 1.00 

150-174 35 0.67 

175-199 37 1.43 

=200 85 5.05 
Age at menarche (yr) 

>14 47 1.00 

13 75 1.10 

12 77 1.34 

<12 63 1.65 
Previous diabetes 

No 225 1.00 

Yes 36 2.31 






Subjects aged 265 yr 









No. : 
95% Confidence of Relative 95% Confidence 
interval CASES risk interval 
38 1.00 
0.8-2.8 37 1.33 0.6-3.1 
0.5-2.1 23 2.24 0.8-6.2 
1.2-4.4 40 2.63 0.9-7.0 
29 1.00 
0.2-1.2 33 0.54 0.1-2.] 
0.2-0.9 94` 0.14 0.0-0.5 
0.2-0.9 27 0.35 0.1-1.3 
0.1-0.8 29 0.16 0.0-0.6 
127 1.00 
0.9-4.0 9 0.41 0.1-1.2 
0.4-5.1 6 0.20 0.0-1.4 
60 1.00 
0.4-1.2 28 0.93 0.4-2.] 
0.8-2.6 19 2.30 0.7-7.1 
2.7-9.5 32 4.35 1.6-12.2 
42 1.00 
0.6-2.0 36 1.15 0.5-2.6 
0.7-2.4 39 1.5} 0.7-3.5 
0.9-3.1 25 4.34 1.2-15.8 
116 1.00 
1.0-5.3 22 2.03 0.8-5.4 


*Relative risks acjusted for all variables shown. In addition, risks among vounger subjects adjusted for oral contraceptive use 
and among older subjects for menopausal estrogen use. Subjects with unknown values were included in models but associated 


risks are not presented. 


ing the association, because infertility emerged as a risk 


factor only when examined in relation to parity. Among 
nulliparous women, difficulty conceiving or ever having 
sought advice for infertility were associated with relative 
risks of 1.8 and 7.6, respectively. Although we at- 
tempted to examine risk according to causes of infer- 
tility, we were limited by nonspecific information. How- 
ever, other studies, which have found elevated endome- 
trial cancer risks associated with both anovulation'’* and 
progesterone deficiencies,’ '° support an effect of un- 
opposed estrogens on the development of endometrial 
cancer. po 

Although most studies that have related early ages at 
menarche to an increased risk of endometrial cancer 
have found associations to be rather weak and trends 
inconsistent,” ” '* © our investigation found age at 
menarche to have a significant effect on risk. In previ- 
ous investigations it has been unclear to what extent 
relationships reflected increased exposure to ovarian 
hormones or other correlates of early menarche. Thus 
it is noteworthy that the strong associations that we 
observed with age at menarche persisted after adjust- 
ment for a variety of risk factors, including weight and 


parity. 


Because early menarche has been found to reflect 
early onset of regular periods and thus longer exposure 
to circulating hormones, it was of interest to examine 
endometrial cancer risk in relation to histories of men- 
strual irregularities. Amenorrhea leading to physician 
consultation has been associated with a substantial ex- 
cess risk of endometrial cancer in young women.’ Fur- 
thermore, Wynder et al." noted an association between 
endometrial cancer risk and both heavy menstrual 
bleeding and premenstrual breast swelling. We failed to 
find any relationship of risk to either regularity of 
menstrual cycles or histories of amenorrhea, but sub- 
jects reporting longer days of flow were at a significant 
excess risk. Although subjects were asked to provide 
information on usual menstrual characteristics, the as- 
sociation with menstrual flow might merely reflect recall 
of prediagnostic symptoms. Alternatively, the effect 
could be a consequence of the endogenous hormonal 
abnormalities that frequently accompany menorrhagia. 

Dissimilar to a number of studies,® 1> '* we did not 
find that endometrial cancer was associated with late 
age at natural menopause, an effect that has been 
hypothesized to reflect prolonged exposure of the 
uterus to estrogen stimulation in the presence of ‘an- 
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ovulatory (progesterone-deficient) cycles.” We thought 
initially that the absence of association in our data 
might reflect confounding by other factors, including 
exogenous hormone use, but adjustment for a variety of 
other risk factors did not alter effects. Further, effects of 
age at Menopause were not apparent in any subgroups 
examined, including women without other risk factors 
(e.g., exogenous hormones, obesity). This failure to find 
a relationship of risk with age at menopause may reflect 
the difficulties in distinguishing natural cessation of 
menopause from abnormal bleeding preceding the di- 
agnosis of endometrial cancer, especially among older 
women. 

Similar to a number of other investigations,® ” '''° we 
found weight to be strongly releted to endometrial 
cancer risk. Relationships were stronger with weight 
than for measures of obesity, such as Quetelet’s index. 
Of interest was the finding that very heavy women 
(notably those weighing >200 pounds) had a dispro- 
portionately high risk, a finding consistent with several 
other investigations.” '* It is well recognized that adi- 
pose tissue is the primary site in postmenopausal 
women for conversion of adrenal androstenedione to 
estrone. Obesity has also been related to lower levels of 
sex hormone—binding globulin, leading to greater bio- 
availability of estrogens.” In premenopausal women 
obesity may increase risk through more frequent an- 
ovulatory cycles. leading to lower levels of progester- 
one. Several recent studies indicate that endometrial 
cancer risk might vary not only by the amount of body 
fat but also by its distribution,'**' an issue that deserves 
further research. 

Several studies have noted elevated risks of endome- 
trial cancer associated with previous diagnoses of dia- 
“betes, hypertension, thyroid disease, and gallbladder 
disease, but most have not investigated the extent to 
whic’ associations might have reflected confounding by 
weight or surveillance bias. Elwood et al.° found that 
associations with both diabetes and hypertension per- 
sisted after adjustment for weight and socioeconomic 
status, although relationships were restricted to recent 
diagnoses, suggesting detection bias. In our study we 
found no relationship of risk to hypertension, consis- 
tent with an investigation in China.” However, a history 
of diabetes was associated with a significant twofold 
excess in risk, which persisted over time and was inde- 
pendent of effects of weight. This finding, in conjunc- 
tion with indications that diabetic women have elevated 
levels of lipids, estrogens, and possibly other hor- 
mones,” highlights the need for further study of en- 
dometrial cancer risk among diabetics. Furthermore, 
our data suggested an increased risk among women 
reporting histories of hirsutism. Although we are not 
aware of other studies that have examined this factor in 
relation to endometrial cancer risk, an association 
would appear plausible, given recognized endogenous 
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hormonal influences on the development of hir- 
sutism.?* 75 

Our results, in agreement with previous studies, sup- 
port a central role for hormones in the etiology of 
endometrial cancer. Use of unopposed estrogens 
greatly enhanced risk, whereas oral contraceptive use 
resulted in substantially reduced risks, presumably re- 
flecting the antiestrogenic eitects of progestins. Further 
implicating a role for hormones were substantially ele- 
vated risks among obese women, who have been found 
to have greater conversion rates and bioavailability of 
estrogens. Although the biologic mechanisms underly- 
ing the effects of nulliparity (early age at menarche, 
extended days of menstrual flow, history of diabetes, 
and hirsutism developing at older ages) remain less 
clear, it is possible that they may also operate through 
hormonal mechanisms, lead:ng to a unifying scheme as 
the etiology of this disease. 
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Randomized trial of human versus animal species insulin in 


diabetic pregnant women: Improved glycemic control, not 


fewer antibodies to insulin, influences birth weight 


Lois Jovanovic-Peterson, MD, John L. Kitzmiller, MD,” and Charles M. Peterson, MD* 


Santa Barbara and San Francisco, California 


OBJECTIVE: Macrosomia occurs in infants of diabetic mothers in spite of “nearly norma! maternal blood 
glucose levels” with insulin treatment. Insulin antibodies may carry bound insulin into the fetal blood and 
thus may be associated with fetal hyperinsulinemia and macrosomia in these infants. Our objective was to 
test the hypothesis that human insulin is associated with lower insulin antibody levels and less 


macrosomia than is animal species insulin. 


STUDY DESIGN: Forty-three insulin-requiring pregnant (<20 weeks’ gestation! women, previously treated 
with animal insulin, were randomized to human and animal insulins and studied at weeks 10 through 20, 
24, 28, 32, 36, and 38, at delivery, and at 3 months post partum. Infant blood was drawn at delivery (cord) 
and at 1 day and 3 months post partum 1 hour after a glucose—amino acid challenge. 

RESULTS: Women receiving human insulin required significantly less insulin per kilogram of body weight 
and showed significant dampening of glucose excursions (p < 0.05 for each comparison). Infants born to 
mothers receiving human insulin weighed 2880 + 877 gm compared with 3340 + 598 gm for infants of 
women treated with animal insulin (p < 0.05). There was no difference in insulin antibody levels between 


groups for either mothers or infants. Infants born to mothers receiving human insulin had a 1 hour 
C-peptide level after the glucose~amino acid challenge at 3 months of age of 0.21 + 0.13 pmol/ml 


compared with 0.32 + 0.13 pmol/ml (p = 0.01). 


CONCLUSION: Administration of human insulin to pregnant diabetic women has a therapeutic advantage 
over animal insulin, with less maternal hyperglycemia or hypoglycemia, fewer larger-for-gestational-age 
infants, and less neonatal hyperinsulinemia. Our data do not support the hypothesis that maternal 
antibodies to insulin influence infant birth weight. (AM J Osstet Gynecol 1992;167:1325-30.) 


Key words: Diabetes, pregnancy, insulin, antiinsulin antibodies, macrosomia, C-peptide 
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Pregnancy complicated by diabetes provides an op- 
portunity to address maternal and fetal outcome as a 
function of therapy. In spite of increasingly intensive 
monitoring and care, the diabetic pregnant woman still 
faces a higher probability of fetal loss, preeclampsia, 
early delivery, cesarean section, and peripartum mor- 
bidity.' The infant also faces a higher probability of 


Anr 


1326 Jovanovic-Peterson, Kitzmiller, and Peterson 


macrosomia, malformations, hypoglycemia, hypocal- 
cemia, erythrocytosis, hyperbilirubinemia, and respi- 
ratory distress. Once human insulin became available, 
many clinicians believed it to be the treatment of choice 
for the pregnant diabetic woman on the basis of the 
unproved theory that the less immunogenic insulin 
weuld be advantageous. A recent report’ implicated 
antibodies to animal insulin as a causative factor in the 
macrosomia seen in the infant of the diabetic mother. 
We therefore designed a randomized study to compare 
human with animal insulin in pregnant women with 
preexisting diabetes. 


Material and methods 


The study was an open-label, two-center (Children’s 
Hospital of San Francisco and Cornell University Med- 
ical College, New York), randomized clinical trial com- 
paring human insulin (recombinant deoxyribonucleic 
acid—Humulin; Eli Lilly, Indianapolis) treatment of 
pregnant patients with type I or II diabetes mellitus. 
Forty-three pregnant patients wit either type I or II 
diabetes mellitus were recruited between 1983 and 
1985. Patients were randomly assigned to treatment 
either with human or with their current (animal) in- 
sulin. Enrollment was limited to consenting pregnant 
(<=20 weeks of gestation) patients =18 years of age who 
had been treated with only animal-source insulin for 
at least 24 months and who had a body weight within 
20% of ideal body weight as determined by the Met- 
ropolitan Life tables. Specifically excluded were pa- 
tients with hypertension (blood pressure >140/90 mm 
Hgi, serum creatinine greater than the upper range of 
normal, advanced cardiovascular disease (New York 
Heart Classification II or greater), history of Addison’s 
disease or pituitary insufficiency, local or systemic al- 
lergy to animal-source insulin, prepregnancy insulin 
dose >1.5 U/kg per 24 hours, or history of treatment 
with human insulin or an insulin infusion device. 

Fach patient was assessed at entry (10 to 20 weeks of 
gestation) and at 24, 28, 32, 36, end 38 weeks of ges- 
tation, at delivery, and at 3 months after delivery with 
a complete history, physical examination, and routine 
laboratory examinations. Variables recorded at each 
time point included age, blood pressure, height, weight, 
percent body fat, duration of diabetes, thyroid func- 
tion, complete blood cell count, chemistry profile, uri- 
nalysis and urine culture, fasting glucose level, glyco- 
hemoglobin level, and immunoglobin G and E insulin 
antibody titers. Total and free insulin and fasting C- 
peptide were measured at entry and at the visit 3 
months post partum. Escherichia coh polypeptide anti- 
bodies were also measured to assure that the method 
of production of the human insulin (deoxyribonucleic 
acid—recombinant with Æ. col) did not produce a toxin 
that might be harmful in pregnancy. Antibody titers 
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and C-peptide levels were performed by standard pro- 
tocol at a central laboratory.* * Glycohemoglobin was 
measured by a centralized laboratory by ion-exchange 
high-pressure liquid chromatography. The normal 
range in pregnancy was 4.6% to 7.6%. At each clinic 
visit the investigator also recorded the patient’s average 
daily calories consumed, the insulin dose, type, and 
timing, and the blood glucose self-monitoring results 
for each day since the previous visit. Both centers 
trained the study personnel to quantify food intake 
records for daily caloric intake and grams of carbo- 
hydrate, protein, and fat ingested according to the 
American Diabetes Association exchange list. 

The infants were assessed at birth and at 24 hours 
after birth. The glucose—amino acid challenge of the 
infant at 3 months was given as a scheduled feeding 
and included samples for plasma glucose and C-peptide 
taken at time 0 and 1 hour after Sustacal (Mead-John- 
son, Div. of Bristol-Myers Squibb, Evansville, Ind.) 6 
ml/kg body weight. The volume of Sustacal was diluted 
1:2 with water, and thus tke total fluid volume given 
was 12 ml/kg. 

Home monitoring. Each patient monitored urine ke- 
tone levels (Ketodiastik Ames, Elkhart, Ind.), and the 
health care team recorded the results at each visit. 

Monitoring of blood glucose took place at least five 
times daily throughout the study (before breakfast and 
dinner and after breakfast, lunch, and dinner). The 
numbers of tests in each category (<3.05 mmol [55 
mg/dl], 3.05 to 8.33 mmol (55-150 mg/dl], and >8.33 
mmol [150 mg/dl]) were recorded on the case report 
form at each visit. 

Statistical methods: The purpose of all statistical 
analyses was to detect, if present, differences between 
the two groups. When the variable under analysis was 
the result of a measurement that yielded a number 
lending itself to averaging, groups were compared with 
respect to the median or mean differences between two 
visits (e.g., baseline and celivery visits) or between 
groups. . 

When the data were the result of a classification, such 
as number of abnormal nonstress fetal heart rate tests, 
rather than a measurement, the groups were compared 
with respect to the proportion of tests classified as ab- 
normal. 

All analyses were performed with Version 5 of SAS 
(Cary, N.C.). Every analysis included all data available 
from every patient. A difference between groups was 
considered significant if the value of p was <0.05 (Stu- 
dent ż test, one tailed). 


Results 


Of 43 patients, 20 were randomized to the human 
insulin group and 23 to the animal insulin group. One 
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patient in the animal-source insulin group never com- 
pleted the admission visit or returned for a follow-up 
visit. Therefore the statistical analysis is based on 42 
patients. 

Randomization provided a remarkably similar pop- 
ulation of women in both groups. Table I shows no 
significant differences between groups for the follow- 
ing variables: age (28.3 + 5 vs 29.2 + 5 years), height 
(165 + 10 vs 165 +8 cm), percent body fat 
(32% + 4% vs 34% + 6%), duration of diabetes 
(12.6 + 6vs 13.1 + 6 years), racial distribution, or type 
of diabetes on the basis of C-peptide levels. ‘There were 
no significant differences between treatment groups for 
temperature, systolic blood pressure, diastolic blood 
pressure, resting heart rate, or edema at any visit. The 
groups did not differ for tests of renal function, com- 
plete blood cell count, chemistry profile, kilocalories 
consumed per kilogram per day, or weight gain during 
pregnancy. No significant differences were found be- 
tween groups for glycohemoglobin levels at any time 
point (baseline and delivery glycohemoglobin levels 
in the group taking animal-source insulin were 
71% + 0.8% and 7.1% + 1.1%, respectively, vs 
6.9% + 0.9% and 6.8% + 1.0% for the group taking 
human insulin). There was no difference between 
groups for the prevalence of maternal ketonuria. Ke- 
tonuria occured in two women in the group receiving 
human insulin and six women in the group receiving 
animal insulin. 


The group receiving human insulin had smaller in- 


fants (2280 + 877 gm vs 3340 + 598 gm for infants of 


women receiving animal-source insulin, p = 0.048, 
Table II). There were no small-for-dates (small-for- 
gestational-age, SGA) infants in either group, but there 
were three premature deliveries in the human-source 
group (26, 28, and 29 weeks). These infants were all 
of appropriate size for gestational age and weighed 940, 
1110, and 1361 gm, respectively. There were six ma- 
crosomic infants, with macrosomia defined as a true 
birth weight >1.1 times the 50th percentile of birth 
weight for gestational age and gender of the infant.°® 
One macrosomic infant was born to a mother receiving 
human insulin, and five were born to mothers receiving 
animal insulin (p = 0.05, Fisher’s exact test). There 
were no SGA infants, defined as <10th percentile for 
birth weight, in either group. If we use a standard 
definition of a large-for-gestational-age (LGA) infant 
as >90th percentile of birth weight for gestational age 
and sex for infants in California,’ then there were four 
LGA infants of 19 infants (21.1%) born to mothers in 
the animal insulin group and one of 17 (5.9%) in the 
human insulin group (p < 0.01). 

At birth, the fasting C-peptide levels of infants in 
both groups were similar (0.4 + 36) in the animal 
group vs 0.39 + 9.31 pmol/ml in the human group, p 
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Table I. Maternal characteristics 


Animal Human 

Age (yr, 98.345 29.2 +5 
mean + SD) 

Height (cm, 165 + 10 165 + 8 
mean + SD) 

Body fat, (%, 32 +4 34 + 6 
mean + SD) 

Duration of diabetes 12.6 +6 13.1 + 6 
{yr, mean + SD) 

Race (No.) 
Asian 2 0 
Black l 0 
White 17 16 
Hispanic I 2 
Other ] 2 

Type of diabetes 
Type I 22 18 
Type II 0 2 


not significant). However, at 3 months of age infants 


born to mothers receiving human insulin had a signif- 
icantly lower 1 hour C-peptide value after the glucose— 
amino acid challenge of 0.21 + 0.13 pmol/ml com- 
pared with 0.32 + 0.13 pmol/ml (Table III, p = 0.01). 

The only problems that the infants experienced after 
birth were related to prematurity. There were three 
infants in the animal insulin group who were born after 
the thirty seventh week of gestation, and there were 
two infants in the human insulin group who were born 
before 37 weeks of gestation. 

The mean insulin requirement during pregnancy 
was significantly lower in the group receiving human 
insulin (mean 1.01 vs 1.34 U/kg per 24 hours, p < 0.05, 
Table IV). The patients’ glucose diaries were analyzed 
for the percent of blood glucose values above or below 
the range of 3.05 to 8.33 mmcl (55 to 150 mg/dl). Of 
20,457 total blood glucose self-monitored tests from 
women using insulin, 5.6% were <3.05 mmol com- 
pared with 9.1% of 18,617 tests from women using 
animal-source insulin. On the other hand, 10.1% of the 
tests from mothers taking human insulin were >8.33 
mmol compared compared with 19.9% tests from 
women using animal-source insulin. Thus the women 
receiving animal-source insulin had significantly more 
values outside the target range (29% vs 15%, p < 0.05). 

Fig. 1 presents the antiinsulin antibody results for 
human insulin. Both groups had significant levels of 
antiinsulin antibodies for beef, pork, and human in- 
sulin at baseline. Only the anuhuman antibody levels 
are graphed in Fig. I because the antibeef and antipork 
antibody levels are superimposable on this graph. The 
levels dropped significantly by delivery {p < 0.01) and 
then rose again to values near those seen at baseline by 
3 months after delivery. There were no differences in 
levels between groups at any time point. In spite of the 
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Table II. Assessment of infants at birth 


Human insulin 


Animal insulin 


Week of gestation by examination 38.1 + 1.9 38.6 + 9.4 
Percentile body weight 54.1 + 32,2 l 474 t235 
Sum of skin-fold thickness 21.3 + 17.4 Lit = 12:8 
Length (cm) 50.8 + 3.5 47.5 + 7.1 
Weight (gm) 3318 + 727* 2727 + 834* 
Head circumference (cm) 35.6 + 2.0 30.5 + 9.9 
No. of LGA? infants 5 l l 

No. of SGAȘ infants 0 0 





*p = 0.048. (Two infants in the animal insulin group weighed >4000 gm. No infant in the human insulin group weighed 
>4000 gm.) 


TLGA is defined as a birth weight ratio >1.1. 
tp = 0.05 (Fisher's exact test). 
§SGA is defined as <10th percentile for birth weight corrected for gestational age. 


Table III. Infants’ metabolic data l i 
Animal insulin at 3 mo Haman insulin at 3 mo 


C-peptide (pmol/ml]) 


Fasting 0.26 + 0.12 0.19 + 09 

| hr after challenge 02 0,13" 0.21 + 0.13* 
Glucose (mmol ` 

Fasting 4.5 + 0.7 4.3 + 0.7 

l hr after challenge 4.9 + 0.9 5.4 + 0.9 


*5 = 0.012, between groups. 


Table IV. Maternal insulin dose by treatment group 


U/24 hr, mean + SD Ulkg/24 hr, mean + SD U/24 hr, mean + SD Ulkgl24 hr, mean + SD 


Hunan insulin 


Weeks 10-20 


56214. 0.89 + 0.3 53 15 0.82 + 0.3 
Delivery 84 + 39 1.35 + 0.6 76 + 31 1.19 + 0.5 
3 mo post partum 47 + 25 0.72 + 0.4 45417 0.72 + 0.3 
Mean on study 69 + 25 1.34 + 0.2* 63 + 18 1.01 + 0.2* 


xa < 0.05. 


fact that no woman in this study received human insulin 
before recruitment, both treatment groups had base- 
line elevations of antihuman antiinsulin antibodies be- 
cause of the cross-reaction of antibeef and antipork 
antibodies by this assay. The infants’ levels paralleled 
those of the mothers at. birth but dropped significantly 
(p = 0.0002) by 3 months of age. There was no de- 
tectable Æ. coli polypeptide antibody in either group at 
any time point. In addition, there was no relationship 
between maternal antibody level and infant birth 
weight, whether the data were analyzed as a mean or 
at any specific ime point during the pregnancy. 


Comment 


Our study found no difference in toxicity between 
groups, but there was a therapeutic advantage to hu- 
man insulin administration during pregnancy. The 
mothers receiving human insulin had fewer glucose 
excursions outside the target range. The infants of 


mothers who received human insulin were less prone 
to macrosomia and had a lower C-peptide response to 
a glucose—amino acid challenge at 3 months of age. 

Although the true meaning of a lower C-peptide re- 
sponse in the infants of mothers who received human 
insulin is conjectural, it is our belief that this response 
is evidence of less neonatal hyperinsulinemia, which 
may reflect less insulin resistance. Insulin is a growth 
factor in utero; thus less fetal insulin decreases the risk 
of macrosomia. 

In spite of comparable mean blood glucose values, 
as documented by glycohemoglobin values, the differ- 
ences in maternal glucose excursions to low or high 
values may have placed a role in the infant birth weight 
and C-peptide differences. A recent report® has shown 
the post prandial glucose levels to be the best predictor 
of infant birth weight. The dampening of glucose ex- 
tremes seen in the human insulin group may have been 
due, in part, to the fact that insulin absorption is more 
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p=0.0002 


DELIVERY POST DELIVERY 


Fig. 1. Bar graph represents antihuman antinsulin antibodies at baseline, at del-very, and after 
delivery in mothers and at delivery and after delivery in infants. Open bar, Antibody leve's of mothers 
given animal insulin; black bar, antibody levels of mothers given human insulin; diagenaily crossed bar, 
antibody levels of infants born to mothers given animal insulin; hatched bar, infants born to mothers 
given human insulin; error bars, standard deviations from mean; B/T, ratio of bounce to total insulin. 
Maternal antibody levels fall during pregnancy but rise again post partum. Infant antibody levels 
parallel maternal levels at birth but fall significantly by 3 months of age. 


predictable with human insulin.’ This observation, in 
turn, may explain the fact that the insulin dosage was 
less in the group receiving human insulin. More sen- 
sitive monitoring strategies to document metabolic ex- 
cursions may be needed if treatment is to normalize 
weight and C-peptide response in the infant of the 
diabetic mother.” 

Measurement of antiinsulin antibody levels did not 
reveal significant differences between groups. Concern 
has been raised about the harmful effects of antunsulin 
antibodies on the developing fetus of a diabetic 
mother.'*'' Immunoglobin G antibodies cross the pla- 
centa.’* Administration of antibodies to insulin is an 
established method of inducing transient experimental 
diabetes in animals" and perturbs the blood glucose 
response to insulin." Maternal insulin has also been 
shown to cross the placenta when bound to immuno- 
globin G antibodies.*''*'7 In a recent report antiinsulin 
antibody—bound insulin was found to be transferred 
from mother to fetus. The correlation in that report 
between macrosomia and the concentrations of animal 
insulin in cord serum was interpreted to mean that the 
transferred insulin may have biologic activity. The 
authors also suggested that the formation of antibody 
to insulin in the mother is a determinant of fetal birth 
weight independent of blood glucose levels. Maternal 
glycemia was not well characterized in the paper. Our 
data show comparable levels of antinsulin antibodies 


but do not support this thesis. Rosenn et al.'® have re- 
ported on analysis of 170 pregnancies in which the 
women were treated with animal insulin and 39 preg- 
nancies in which the women were. treated with human 
insulin. They showed clearly that the type of insulin 
(animal vs human) had no bearing on infant birth 
weight. The results of our study are consistent with the 
modified Pedersen hypothesis’®:”° in that use of human 
insulin results in fewer glucose extremes, thus leading 
to less fetal pancreatic insulin secretion and hence lower 
birth weight. 

In conclusion, vur comparative evaluation of human 
versus animal-source insul:n during pregnancy com- 
plicated by diabetes favors the use of human insulin. 
Toxicity did not differ between treatment groups, 
whereas human insulin emerged as a superior treat- 
ment to animal insulin in terms of decreasing the ma- 
ternal glucose extremes, thus decreasing infant birth 
weight and the infants’ C-peptide responses to a glu- 
cose—amino acid challenge 
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Congenital nephrosis: Detection of index cases through 
maternal serum a-fetoprotein screening _ 
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Congenital nephrosis is an autosomal recessive disorder with an incidence of 1 in 8000 in Finland, but it is 
quite rare in non-Finnish populations. In families known to be a: risk, prenatal detection is possible by 
means of maternal serum and/or amniotic fluid o-fetoprotein levels. We report the antenatal diagnosis of 
four cases.of congenital nephrosis, three of which were index cases, through maternal serum a-fetoprotein 
screening. The diagnosis was confirmed at birth in two infants. Two patients elected to terminate their 
pregnancies, and the diagnoses were confirmed pathologically (obliteration of foot processes on electron 
microscopy of fetal glomeruli) in both. In cases of elevated maternal serum «-fetoprotein, with unexplained 
and marked elevations of amniotic fluid «-fetoprotein. and normal acetylcholinesterase levels, the diagnosis 
of congenital nephrosis must be considered regardless of ethnic origin. ii J OBSTET GYNECOL 


1992;167:1330-3.) 


ie 


Key words: Congenital nephrosis, prenatal diagnosis, screening, maternal serum l i 


-fetoprotein 


+ 
¥ Le 


From the Division of Human Genetics, Depariment of Obstetrics and 
Gynecology,’ the Department of Pathology,’ cnd the Division of Hu- 


man Genetics, Department of Pediatrics,’ University of Maryland, 


and the Department of Pediatrics, University of Virginia.‘ 

Received for publication May 13, 1992; accepted May 29, 1992. 
Reprint requests: W. Allen Hogge, MD, Department of Obstetrics and 
Gynecology, oe cf Maryland, 22 S. Greene St., Baltimore, 
MD 21201. 

6/1/39717 


Congenital nephrosis is ar. uncommon disorder in 
non-Finnish populations witk an incidence of approx- 
imately 1 in 40,000 reported in previous studies. In - 
spite of this relative rarity, we have detected antenatally 
four cases of congenital nephrosis during the last 4 
years of our maternal serum a-fetoprotein (AFP) 
screening programs. Pertinent maternal serum and 
amniotic fluid studies are depicted in Table I. 
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Fig. 1A. Electron micrograph of part of glomerulus from patient with congenital nephrosis (case 
2). Effacement of foot processes in epithelial cells (£) and less-developed basal lamina (arrow) are 
evident as compared with normal control kidney. (x 25,000.) 


Table I. Laboratory findings in four cases of prenatally detected congenital nephrosis 












Maternal serum AFP 
multiples of median 


Case 


No. 


l 16 
2 6 
3 7 
4 9 


Amniotic fluid 
albumin and 
IgG 










Amniotic fluid AFP 
multiples of median 






43/26* Elevated 
77/23* Normal 
7 Normal 

35 Not done 


CC rr SSS 


*Performed in two laboratories. 


On the basis of the experience of Finnish investiga- 
tors in a high-risk population’ and our experience with 
a low-risk population, it would appear that most index 
cases of congenital nephrosis can be detected with ma- 
ternal serum AFP screening. 


Case reports 

Case 1. The patient, a 24-year-old, gravida 3, para 2 
woman of English and Irish ancestry, was referred for 
evaluation of a maternal serum AFP level of 16.6 mul- 
tiples of the median. Ultrasonography at 17⁄2 weeks’ 
gestation was normal. Amniotic fluid AFP was 43.0 mul- 
tiples of the median in one laboratory and 26.0 mul- 


tiples of the median in a reference laboratory. The 
acetylcholinesterase level was normal. Evaluation of 
other amniotic fluid proteins indicated elevations >2 
SD from the mean for albumin, a,-antitrypsin, trans- 
ferrin, orosomucoid, complement, and immunoglob- 
ulin G (IgG). 

The patient elected to continue her pregnancy in 
spite of the presumptive diagnosis of congenital ne- 
phrosis. The diagnosis was confirmed at birth, and the 
infant has had a complicated course with one failed 
transplant and maintenance on dialysis since birth. 

Case 2. This 25-year-old, gravida 3, para 0 woman 
of Polish and German ancestry was evaluated because 
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Fig. 1B. Electron micrograph of part of normal fetal glomerulus from 18 weeks’ gestation showing 
foot process (arrowheads) of epithelial cells (E) and well-developed basal lamina (arrow). (X 25,000.) 


of a maternal serum AFP level of 6.1 multiples of the 
median. Family history was remarkable for a maternal 
first cousin who had died at 2 years of age after a renal 
transplant. Records were unavailable for ascertainment 
of a precise diagnosis. Ultrasonographic examination 
at 17⁄2 weeks’ gestation was normal. The amniotic fluid 
AFP level was 77.5 multiples of the median in our lab- 
oratory with a value of 23.4 multiples of the median in 
a reference laboratory. [he acetylcholinesterase level 
was normal in both laboratories. Amniotic fluid albu- 
min and IgG levels were both within 1.0 SD of the 
mean. 

After the presumptive diagnosis of congenital ne- 
phrosis, the patient elected to terminate the pregnancy. 
Autopsy was unremarkable except for electron micro- 
scopic examination of the fetal kidneys, which showed 
effacement of foot processes in epithelial cells and a 
poorly developed basal lamina (Fig. 1A). The normal 
appearance of a fetal glomerulus is depicted in Fig. 1B 
for comparison. 

Case 3. The patient, a 19-year-old, gravida 1 woman 
of English ancestry, was referred at 18 weeks’ gestation 
because of a maternal serum AFP level of 7.3 multiples 
of the median. The amniotic fluid AFP level was 7.6 
multiples of the median; the acetylcholinesterase level 


was normal. Other amniotic fluid protein values were 
within normal ranges. Ultrasonographic evaluation of 
the fetus revealed no abnormalities. 

Because of the unexplained amniotic fluid AFP el- 
evation, the patient elected to terminate the pregnancy. 
Autopsy findings were unremarkable except for “foot 
process obliteration” seen on electron microscopic ex- 
amination of the fetal kidneys. 

Case 4. This 30-year-old, gravida 2, para 1 woman 
of English ancestry was seen at 16 weeks’ gestation with 
a maternal serum AFP level of 6.0 multiples of the 
median. Family history was remarkable for a previous 
child with congenital nephrosis, who had two unsuc- 
cessful transplant attempts and was on chronic renal 
dialysis. Amniotic fluid AFP was 35.0 multiples of the 
median. 

The patient chose to continue the pregnancy in spite 
of the presumptive diagnosis of congenital nephrosis. 
The child has had a complicated course similar to that 
of its sibling. 


Comment 
Congenital nephrosis of the Finnish type is a rare, 
autosomal recessive disorder, and most reports of pre- 
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natal detection have followed the birth of an index case. 
However, because of widespread screening of preg- 
nancies with maternal serum AFP, most fetuses with 
congenital nephrosis should be detected. We do not 
believe that an absolute cutoff level of maternal serum 
AFP can be established, such as the 10.0 multiples of 
the median suggested by Albright et al.” In our four 
cases the range was from 6 to 16 multiples of the me- 
dian. On the contrary, it does appear from our cases 
and those reported in the literature that the majority 
of cases would be ascertained if an amniotic fluid AFP 
level of =10.0 multiples of the median (with a normal 
acetylcholinesterase value) was chosen as the diagnostic 
criterion. Because the correlation between maternal se- 
rum AFP levels and AFP levels in the amniotic fluid is 
poor, it would appear that all patients with an unex- 
plained maternal serum AFP level of 25.0 multiples of 
the median should have amniotic fluid studies if a high 
rate of detection is to be achieved. 

Although congenital nephrosis is associated with a 
severe, diffuse proteinuria in the neonate, measure- 
ment of other protein constituents of amniotic fluid was 
not helpful for confirmation of the diagnosis in our 


t 
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cases. Although a number of protein levels were ele- 
vated in case 1, other proteins of similar molecular size 
were present in normal concentrations. In the three 
cases evaluated there was no consistent pattern of el- 
evation of any specific protein. 

Children with congenital nephrosis have a very poor 
prognosis, in spite of the availability of renal trans- 
plantation. AFP studies offer the possibility of prenatal 


- diagnosis in the index case, offering the family the op- 


tion of pregnancy termination, if desired. Therefore, 
in cases of elevated maternal serum AFP with unex- 
plained and marked elevations of amniotic fluid AFP 
levels and normal acetylcholinesterase levels, the di- 
agnosis of congenital nephrosis must be considered, 
regardless of ethnic origin. 
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Biochemical and immunohistochemical estrogen and 
progesterone receptors in adenomatous hyperplasia and 
endometrial carcinoma: Correlations with stage and other 


clinicopathologic features 


Henrik C.J. Nyholm, MD, Anette L. Nielsen, MD,” Jens Lyndrup, MD,° Peter Norup, MD,‘ 


and Susan M. Thorpe, PhD‘ 


Copenhagen, Denmark 


OBJECTIVE: This study investigates clinicopathologic associations of estrogen and progesterone receptor 


content in endometrial carcinoma. 


STUDY DESIGN: One hundred fifty-two patients with endometrial cancer and 12 with adenomatous 
hyperplasia were included. Dextran-coaced charcoal receptor assay and immunohistochemical analysis 
were used. The immunohistochemical analysis receptor content was estimated semiquantitatively by a 
total and a cancer immunohistochemical histologic score. Multiple regression analysis was used in testing 


independence of established correlations. 


RESULTS: Estrogen and progesterone receptor dextran-coated charcoai values and immunchistochemical 
histologic scores correlated inversely (p < 0.001) with International Federation of Gynecology and 
Obstetrics grade of tumor. An inverse correlation (p < 0.0001) between clinical stage and dextran-coated 
charsoal values was independent of International Federation of Gynecology and Obstetrics grade. Age of 
patient, years since menopause, and previous estrogen treatment were not related to receptor content. In 
adenomatous hyperplasia high progesterone receptor levels were seen. 

CONCLUSION: The inverse correlatior. between clinical stage of endometrial carcinoma and content of 
estrogen and progesterone receptors may reflect tumor biologic behavior. (Am J OBSTET GYNECOL 


1992:167:1334-42,) 


Key words: Estrogen receptors, progesterone receptors, endometrial carcinoma, 


immunohistochemical analysis, biochemical analysis 


Endometrial carcinoma is generally accepted to be 
an endocrine-related neoplasm. Like normal endo- 
metrium, many endometrial carcinomas contain estro- 
gen and progesterone receptors. The receptor content 
appears to correlate with several histopathologic fea- 
tures, in particular with tumor differentiation. "” Single 
reports have observed univariate correlations between 
the stage of disease, age of the patient, and other clin- 
icopathologic parameters.** Potential precancerous le- 
sions of the endometrium, such as adenomatous hy- 
perplasia with or without nuclear atypia, may contain 
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levels of estrogen and progesterone receptors’ distinct 
from carcinoma. | 

In determining estrogen and progesterone receptor 
levels, biochemical and immunohistochemical analysis 
can be applied. The biochemical methods determine 
the receptors in whole-tissue homogenates and cannot 
discriminate between receptors in malignant tissue ver- 
sus nonmalignant tissue that may be intermingled in 
the carcinoma. Immunohistochemical analysis of the 
receptors directly on tissue sections yields a semiquan- 
titative estimation of the receptor content at the cellular 
level, and the distribution of receptors between malig- 
nant and nonmalignant cells can be studied.'*'* Only a 
few studies have reported on the immunohistochemical 
detection of both estrogen and progesterone receptors 
in endometrial cancer.® '* ™ 

The purpose of this study was to examine the cor- 
relation between estrogen and progesterone receptors, 
determined both biochemically and immunohisto- 
chemically, and tumor histologic type, stage, patient 
age, years since menopause, and previous use of estro- 
gens in endometrial carcinoma. The estrogen and pro- 
gesterone receptor content in adenomatous hyperpla- 
sia 1s also described. 
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Material and methods 


One hundred fifty-two women (median age 67 years 
(range 40 to 92]) with endometrial carcinoma and 35 
women with adenomatous hyperplasia (median age 63 
[range 40 to 86]), chosen consecutively from a pro- 
spective study of patients with endometrial neoplasia 
in the municipality of Copenhagen from 1988 to 1990 
(total 187 patients), were included in the study. Ninety- 
four percent of the patients were postmenopausal 
(postmenopausal values of follicle-stimulating hor- 
mone). All patients were treated primarily by surgery. 
The carcinomas were staged clinically and postsurgi- 
cally with the criteria of the International Federation 
of Gynecology and Obstetrics (FIGO) with the 1988 
revisions.” The distribution of tumors in clinical stages 
I through IV was 84%, 8%, 8%, and 0%, respectively, 
and in postsurgical stages I through IV it was 80%, 6%, 
12%, and 2%, respectively. 

Immediately after hysterectomy the uterus was 
opened and two or three tissue samples for biopsy were 
excised from random sites of the tumor and labeled A, 
B, and C. Each sample was divided into three parts; 
two of these were snap-frozen in liquid n-hexane and 
precooled to — 70° C in dry ice for immunohistochem- 
ical or biochemical receptor analysis. The frozen sam- 
ples were kept at — 80° C until analysis. The third part 
of each sample was formalin-fixed and paraffin-embed- 
ded for histologic examination. 

Dextran-coated charcoal receptor analysis. Estro- 
gen and progesterone receptors were determined in 
tissue cytosols with a standard dextran-coated charcoal 
assay, as described by Thorpe." Analysis threshold level 
was 10 fmol/mg cytosol protein. 

Immunohistochemical receptor analysis. The estro- 
gen and progesterone receptor immunohistochemical 
analysis kits from Abbott Laboratories Diagnostics Di- 
vision (Abbott Park, Ill.) were used according to the 
manufacturer’s instructions in the immunohistochem- 
ical receptor analysis. The primary antibodies used 
were H222 for estrogen receptors and KD68 for pro- 
gesterone receptors. The antibodies were used undi- 
luted (0.1 ug/ml) with an incubation time of 30 
minutes. All tests were performed under identical con- 
ditions. Serial 4 to 6 um cryostat sections were mounted 
on poly-L-lysine—coated slides. The first section was 
stained with hematoxylin and eosin to determine the 
relative proportions of the various tissue components. 
The remaining slides were fixed and stained for estro- 
gen and progesterone receptors. Control slides of ad- 
jacent cryostat sections from each of the specimens were 
incubated with control antibody (normal, nonimmun- 
ized rat immunoglobulin in phosphate-buffered saline 
solution) in place of the primary antibody for negative 
control. A known estrogen receptor—positive and pro- 
gesterone receptor—positive specimen was included in 
every run. 

An immunohistochemical histologic score for each 
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receptor was calculated in a semiquantitative fashion 
incorporating both the intensity and distribution of spe- 
cific staining. The intensity was characterized as not 
present (0), weak but detectable above control (1), dis- 
tinct (2), and intense (3). A total immunohistochemical 
histologic score was derived as: 


Total immunohistochemical histologic score = 
> Pi) x i/100 


where P(i) is the percentage of stained cells of each 
tissue component (cancer epithelium, cancer stroma, 
benign epithelium, normal endometrial stroma, and 
myometrium) in each intensity category, and i is the 
intensity for 1 = 1, 2, 3. Furthermore, a cancer im- 
munohistochemical histologic score, in which only ma- 
lignant epithelial cells were evaluated, was calculated. 
Arbitrarily, a score of =0.1 was considered positive. In 
the adenomatous hyperplastic lesions, an immunohis- 
tochemical histologic score for the adenomatous epi- 
thelial component replaced the cancer 1mmunohisto- 
chemical histologic score in the carcinomas. 

All specimens were evaluated independently by the 
same observer (A.L.N.) without previous knowledge of 
the biochemically determined estrogen and progester- 
one receptor values. An intraobserver reproducibility 
analysis of the progesterone receptor immunohisto- 
chemical histologic score in 56 randomly selected tu- 
mors, assessed with >6 months’ interval, showed good. 
agreement: in >75% of the tumors the numeric dif- 
ference between the first and second immunohisto- 
chemical histologic score was <5% of the value of the 
first score. The correlation coefficient (Spearman’s r) 
between the two scores was 0.93 for the cancer score 


s and 0.91 for the total score. 


Histopathologic examination. The typing of the car- 
cinomas was according to the World Health Organi- 
zation.'’ The grading was performed as suggested by 
the 1938 revised FIGO grading system." 

Statistical methods. Dextran-coated charcoal recep- 
tor values were log transformed for most analyses to 
accommodate the skewed distribution of the original 
data. The statistical methods applied included a mul- 
tiple regression analysis with the SAS statistical pro- 
gram. The statistical test used in the individual cir- 
cumstance is indicated in the text. The level of signif- 
icance was defined as p < 0.05. 

Ethics. The study was approved by the Ethics Com- 
mittee of Copenhagen. 


Results 


Estrogen and progesterone receptors in endome- 
trioid adenocarcinoma. Of the 152 endometrial car- 
cinomas studied, 138 (91%) were endometrioid ade- 
nocarcinomas. Biopsy samples from 115 of these were 
eligible for receptor analyses, with an average of 2.5 
biopsies per lesion. The majority of biopsy specimens 
(75%) contained >50% to 75% carcinomatous tissue. 
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Table I. Estrogen and progesterone receptors in adenomatous hyperplasia and endometrial carcinoma 


No. receptor receptor 
Adenomatous hy- 12 564 (120-1136) 2210 (714-5936) 
perplasia 
Endometrioid ad- 
enocarcinoma 
FIGO grade 
] 15 454 (161-1202) 1597 (313-4107)t 
2 60 339 (13-1120)+ 984 (<10-3732)7, 
3 17 176 (<10-1125)+ 275 (<10-1241) 
Clear cell adeno- 3 27 (<10-49) <10 (<10-31) 
carcinoma 
Adenosquamous 7 39 (<10-343) 51 (<10-258) 
carcinoma 


Dextran-coated charcoal 
(fmol/mg protein) 


Estrogen 









Progesterone 





Immunchistochemical analysis 





Total immunohistochemical | Cancer immunohistochemical 
histologic score histologic score* 


Estragen Progesterone Esirogen Progesterone 
receptor recepior receplor receptor 


1.2 (0-2.5) 2.4 (0-2.6) 1.5 (0-2.3) 2.3 (0-2.3) 
0.8 (0-2.5) 1.4 (0-2.6) 9.7 (0-2.3) 1.2 (0-2.3) 
+ 0.4(0-2.4)} 1.2 (0-3.4)4 3.4 (0-2.3) 1.1 (0-2.3) 
0.2 (0-2.3)t 0.4 (0-2.3) 3.2 (0-2.2) 0.3 (0-2.2)} 
0.0 (0-0.0) 0.0 (0-0.0) 3.0 (0-0.0) 0.0 (0-0.0) 
0.0 (0-0.1) 0.6 (0-1.4) 2.0 (0-0.0) 0.6 (0-1.6) 


Values given are means for endometrioid adenocarcinomas and medians for the other categories, with ranges in parentheses. 


For differences between dextran-coated charcoal values, ¢ test; for differences between immunohistochemical analysis scores, 


Wilcoxon test. 


*Adenomatous epithelial immunohistochemical histologic score in adenomatous hyperplasia. 


tp < 0.05. 
tp < 0.01. 


The dextran-coated charcoal and immunohistochemi- 
cal analysis values correlated significantly, the correla- 
tion coefficient (Spearman’s r) between dextran-coated 
charcoal and the total immunohistochemical histologic 
score being 0.52 for estrogen receptors and 0.76 for 
progesterone receptors. The sensizivity of immuno- 
histochemical analysis (total immunohistochemical his- 
tologic score) with the dextran-coated charcoal assay 
(threshold 10 fmol/mg protein) as a standard was 56% 
for estrogen receptors and 86% for progesterone re- 
ceptors. The specificity for immunohistochemical anal- 
ysis was 100% for estrogen receptors and 91% for pro- 
gesterone receptors. 

The total immunohistochemical histologic score for 
each receptor was highly correlated with the cancer 
score (r = 0.85 for estrogen and 0.89 for progesterone 
receptors). In determining the relationship between re- 
ceptor content and grade, we have essentially consid- 
ered tumor samples containing 250% carcinomatous 
tissue in both paraftin-embedded sections and frozen 
sections, resulting in 92 tumors in this analysis. One 
sample from each tumor was included. Preferably bi- 
opsy A was chosen, otherwise B or C was used. 

Estrogen and progesterone receptors related to 
FIGO grade. Mean dextran-coated charcoal values for 
estrogen and progesterone receptors were highly in- 
versely correlated with the FIGO grade of the tumor 
(analysis of variance p < 0.001), with significant differ- 
ences in progesterone receptor levels among all three 
FIGO grades and between grades 2 and 3 with regard 


to estrogen receptors. The frequency of estrogen and 
progesterone receptor—“positive” tumors (dextran- 
coated charcoal values above tne analysis threshold) was 
96% to 100% in grades 1 and 2 and 85% to 86% in 
grade 3. The immunohistochemical analysis values also 
correlated inversely with FIGO grade (Kruskal-Wallis 
test p < 0.0001), with significant differences in estrogen 
and progesterone receptor total immunohistochemical 
histologic score and in progesterone receptor cancer 
immunohistochemical histologic score between grades 
2 and 3 (Table J). 

Extension of the analysis of receptor content versus 
grade to include all specimens from the 115 eligible 
endometrioid tumors (and not exclusively those with 
>50% malignant tissue) did not significantly alter the 
relations between tumor grade and receptor content, 
although a tendency toward reduced intergrade dif- 
ferences in dextran-coated charcoal values (but not im- 
munohistochemical analysis values) was seen when all 
specimens were considered. Analysis of variance (for 
dextran-coated charcoal values against grade) and the 
Kruskal-Wallis test (for immunohistochemical analysis 
values against grade) showed similar p values for the 
total and the restricted material, and the established 
significant differences between grades in the restricted 
material were maintained in the total material. 

The estrogen and progesterone receptor total im- 
munohistochemical histologic scores varied in parallel 
with the cancer immunohistochemical histologic scores 
in all FIGO grades. Sixty-five percent of all frozen sec- 
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Table II. Multiple regression analysis of variables affecting biochemical estrogen receptor values in 115 


endometrioid carcinomas 


p Value to 
include Coefficient of variation SE 


Variable p Value 
FIGO grade Included — 0.78 0.18 0.00001 
Clinical stage Included — 0.27 0.07 0.00001 
Surgical stage* 0.25 
Myometrial invasion 0.37 
Age 0.73 
R? = 0.38. 


*If clinical stage is removed from the model, then surgical stage is entered (coefficient of variation — 0.13, SE 0.06, p = 0.03). 


Table III. Multiple regression analysis of variables affecting biochemical progesterone receptor values in 
115 endometrioid carcinomas 






Variable 


FIGO grade Included 

Clinical stage Included 

Surgical stage* 0.27 

Myometrial invasion 0.56 

Age 0.99 
R? = 0.38. 


p Value te 
inciude Coefficient of variation 






p Value 
— 0.84 0.21 0.00001 
s032 0.08 0.00001 


*If clinical stage is removed from the model, then surgical stage is entered (coefficient of variation — 0.16, SE 0.07, p = 0.03). 


tions studied (independent of FIGO grade) contained 
malignant tissue only. The relative distribution of es- 
trogen and progesterone receptor immunostaining be- 
tween malignant and nonmalignant (when present) tis- 
sue components was not related to the FIGO grade of 
the tumor sample. 

Positive immunostaining was very heterogeneous in 
the malignant epithelium, whereas it was relatively ho- 
mogeneous in nonmalignant tissue. The staining het- 
erogeneity in tumor cells was not correlated with the 
FIGO grade. 

Only nuclear staining was observed in all tissues. Im- 
munostaining of the cancer stromal cells was in general 
rather weak and on the average contributed to only 6% 
to 8% of the total immunohistochemical histologic 
scores, 

Estrogen and progesterone receptor related to dis- 
ease stage. Tumor stage, clinical and postsurgical, was 
entered into a multiple regression model that included 
all 115 endometrioid carcinomas with successful recep- 
tor determinations. The mean receptor values of the 
samples from each tumor were considered in these cal- 
culations. Clinical stage was independently, inversely 
correlated (p < 0.0001) to the estrogen and progester- 
one receptor dextran-coated charcoal levels (Tables II 
and HI). Also, the immunohistochemical analysis score 
tended to correlate independently with stage (for es- 
trogen receptor total score p < 0.05, for progesterone 
receptor total score p = 0.06). 

Thus the decrease in receptor contents with increas- 


ing stage did not merely reflect a positive correlation 
between stage and histologic grade (in this study the 
correlation coefficient between clinical stage and FIGO 
grade was 0.27 [p < 0.005]). Figs. 1 and 2 demonstrate 
decreasing estrogen and progesterone receptor dex- 
tran-coated charcoal values with increasing clinical 
stage within each FIGO grade. 

Estrogen and progesterone receptors related to 
myometrial invasion. The amount of myometrial in- 
vasion (in millimeters), but not the relative proportion 
of invasion, was significantly (p < 0.05) correlated with 
the dextran-coated charcoal and immunchistochernical 
analysis (total immunohistochemical histologic score) 
content of both estrogen and progesterone receptors 
by univariate analysis (p < 0.05). However, when in- 
vasion was included in the multiple regression model 
used, the significance was lost (Tables H and HI). 

Estrogen and progesterone receptors in nonendo- 
metrioid carcinoma. Of 14 clear cell carcinomas and 
adenosquamous carcinomas, 10 had successful receptor 
determinations. Low levels of estrogen and progester- 
one receptor dextran-coated charcoal were found, to- 
gether with negative estrogen receptor immunohisto- 
chemical histologic scores in both groups, whereas the 
progesterone receptor scores were positive in the ad- 
enosquamous group (Table I). Within the group of 
adenosquamous tumors the histologic grade of the ad- 
enocarcinoma component and the receptor content did 
not correlate. 

Estrogen and progesterone receptors related to age. 
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3 grade 1 
e : grade 2 
2 : grade 3 


Fig. 1. Biochemical (dextran-coated charcoal) estrogen receptor levels in separate FIGO grades 
related to clinical stage. Scale of y axis is logarithmic with estrogen receptor mean values and SEM 


calculated from log-transformed values. 


Estrogen and progesterone receptcr content in the en- 
dometrioid carcinomas was not related to patient age. 
Similarly, no correlation was established between the 
number of years elapsed since the menopause and the 
receptor content of the tumor. 

Estrogen and progesterone receptors related to pre- 
vious estrogen treatment. Of the 143 postmenopausal 
cancer patients, 72 had received estrogen replacement 
treatment for varying periods (range | to 24 years) since 
natural menopause. This group was compared with the 
other half of the study population, who had never re- 
ceived estrogens. The tumors of women who had used 
estrogens were of lower FIGO gredes (p < 0.01) and 
were in earlier stages (p < 0.01) than were the tumors 
of the never-users of estrogens. When the receptor con- 
tents of tumors of identical histolegic type and grade 
from users and never-users of estrogens were com- 
pared, no significant differences in receptor contents 
were demonstrated. l 

Estrogen and progesterone receptors in adenoma- 
tous hyperplasia. Thirty-five women with adenoma- 
tous hyperplasia (diagnosed by curettage) had hyster- 
ectomy performed. In seven of the hysterectomy spec- 
imens only simple hyperplasia or endometrial atrophy 
was found. In the remaining 28 cases adenomatous 


hyperplasia, with or without nuclear atypia, was con- 
firmed. In evaluating the receptor content, only spec- 
imens with >50% of the tissue representing adeno- 
matous hyperplasia were inc.uded, which reduced the 
eligible number of cases to 12, all postmenopausal. The 
median values of progesterone receptor dextran- 
coated charcoal and progesterone receptor immuno- 
histochemical analysis tended to be higher in adeno- 
matous hyperplasia than in grade 1 adenocarcinomas 
(p < 0.08) (Table I). The receptor content was not re- 
lated to presence of nuclear atypia in the adenomatous 
changes, 


Comment | 

The current study demonstrates a close inverse re- 
lationship between tumor grade and the content of es- 
trogen and progesterone receptor, which has been de- 


termined both biochemically and immunohistochemi- 


cally. By essentially considering specimens with >50% 
carcinomatous components when examining the cor- 
relation between receptor content and histologic grade, 
we reduced the potential contribution of nonmalignant 
tissue receptor contents. 

We have recently found that the receptor content, 
and the histologic grade and the carcinoma tissue per- 
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CLINICAL STAGE 


@ : grade 1 
@ : grade 2 
m : grade 3 


Fig. 2. Biochemical (dextran-coated charcoal) progesterone receptor levels in separate FIGO grades 


related to clinical stage. Values as in Fig. 1. 


centage are very uniform in samples from the same 
tumor, suggesting that one single specimen is repre- 
sentative for the overall tumor histopathologic type and 
content of recepzors (data will be presented in a sep- 
arate report). 

The correlations between total immunohistochemical 
histologic score and grade and between cancer im- 
munohistochemical histologic score and grade were 
similar, probably reflecting the finding that the malig- 
nant tissue component predominated in the majority 
of samples. It is uncertain whether the cancer score is 
of greater relevance than the total score in character- 
izing endometrial carcinoma. 

The overall agreement between the biochemical and 
the immunohistochemical method in this study was 
good. The sensitivity of the estrogen receptor immu- 
nohistochemical analysis against that of dextran-coated 
charcoal (56%) is comparable to that reported in a 
study" that used methods and analysis thresholds sim- 
ilar to ours, whereas the sensitivity of progesterone re- 
ceptor immunohistochemical analysis (86%) is some- 
what higher than reported earlier." The immunohis- 
tochemical methods detect receptor epitopes that are 
distinct from the ligand binding sites of the receptors."® 
The fixative of the tissue may alter the antigenic site 
of the receptor protein, which could lead to negative 
immunohistochemical analysis in dextran-coated char- 


coal—pesitive tumors. The preparation technique ap- 
plied in immunohistochemical analysis may affect es- 
trogen and progesterone receptors differently, and this 
might be one reason for the divergent sensitivities of 
the estrogen and progesterone receptor immunohis- 
tochemical analysis. 

This study is the first in which the receptor content 
is related to the revised 1988 FIGO grading system," 
which includes nuclear atypia that, if inappropriate for 
the architectural grade, raises the grade by one. In 
relating the receptor content to the isolated architec- 


tural grade (unpublished observations) we found cor- 


relations very similar to the correlations with the FIGO 
grade, in accordance with the concept that the strength 
of the revised FIGO grading is based on the architec- 
tural grading.” 

In more than 20 studies published since 1980 an 
inverse correlation between biochemical receptor pres- 
ence and grade has been shown (i.e., poorly differen- 
tiated endometrioid adenocarcinomas are more often 
receptor “negative”* >” °° *! cr display lower amounts 
of receptors than do well-differentiated and moder- 
ately differentiated lesions, differences between the lat- 
ter two often being less pronounced* * ® 7 21), The 
frequency of estrogen receptor—positive tumors in 
these studies ranges from 77% to 94% in FIGO grade 
1 to 27% to 56% in grade 3 and of progesterone re- 
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ceptor—positive tumors from 70% to 93% in grade 1 
to 22% to 44% in grade 3 (frequencies for grade 2 
tumors resemble those for grade 1}. These frequencies 
are lower than those we found. 

There are several possible reasons for the discrep- 
ancies between various studies: divergent receptor 
analysis methods, analysis threshold levels, and chosen 
cutoff values. Differences in histopathologic evalua- 
tions may also account for discordant results. Several 
studies that use biochemical analysis threshold level as 
separation solely define the receptor content as “posi- 
tive” or “negative,” thus ignoring potentially significant, 


quantitative differences in receptor amounts among 


various tumors. 

Five published studies* '® ° (three of these by the 
same group of authors) have evaluated presence of 
estrogen receptors immunohistochemically in relation 
to tumor grade. In two reports the presence of pro- 
gesterone receptors was also investigated.* °° A sig- 
nificant stepwise decline in estrogen and progester- 
one receptor—positive immunohistochemical analysis 
scores of malignant components with grade was 
reported,* %7 whereas scores of nonmalignant 
components did not correlate significantly with tumor 
grade.*** | 

In the current study, by means of a multiple regres- 
sion model, a significant decrease cf estrogen and pro- 
gesterone receptor content with stage, independent of 
histologic grade, was found. This has not been con- 
vincingly reported earlier. Our observation that the 
clinical stage correlates better with the receptor content 
than with the postsurgical stage may simply be a con- 
sequence of more subgroup classes in the postsurgical 
classification. | 

A number of studies analyzing single variables have 
examined correlations between clinical stage and bio- 
chemical receptor status (positive/negative) with vary- 
ing results, ranging from no correlation® ** °° to cor- 
relations between only estrogen receptor,’ progester- 
one receptor only,’ or both receptors**’ and stage. Five 
studies examining quantitative receptor levels? +672 
have demonstrated univariate inverse correlations be- 
tween estrogen and progesterone receptor levels and 
stage. 

Very few reports on the effect of stage versus im- 
munohistochemical estrogen and progesterone recep- 
tors have been published. In one report” estrogen re- 
ceptor immunohistochemical analysis (and dextran- 
coated charcoal) was studied in frozen sections of 96 
endometrial carcinomas, comparing clinical stages I 
and II with stages II] and IV. The estrogen receptor 
score of the malignant epithelial component did not 
differ significantly between the stages, whereas the total 
tissue score and the biochemically cetermined estrogen 
receptor levels were significantly lower in stages II and 
IV. Another study® determined estrogen and proges- 
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terone receptor immunohistochemical analysis in par- 
affin-embedded sections of tumor curettages and 
found the receptor scores inversely correlated with clin- 
ical stage. The studies are not directly comparable be- 
cause different criteria for receptor positivity were used 
and the distribution of patierits in various clinical stages 
varied. Most important, in all the cited studies the cor- 
relations between receptors and stage were not cor- 
rected for histologic grade. Because poorly differen- 
tiated carcinomas are more likely to have extrauterine 
spread and myometrial invasion at the time of diag- 
nosis, the well-established correlation between histo- 
logic grade and receptor levels makes correction for 
grade essential when relating the estrogen and pro- 
gesterone receptor content to stage. 

The finding in’ this study of an independent rela- 
tionship between the estrogen and progesterone re- 
ceptor contents and the stage of tumor is interesting, 
because it may reflect the biologic behavior of the tu- 
mor. Thus the inverse relationship suggests that “re- 
ceptor-rich” tumors may grow more slowly than do 
“receptor-poor” tumors and. vice versa or alternatively 
that the receptors, as the tumor grows, may gradually 
be lost or undergo degenerative changes and thereby 
escape detection. The latter theory would be in accor- 
dance with the demonstration of reduced receptor 
levels in recurrent endometrial carcinoma and metas- 
tases,” similar to findings in breast carcinoma.” 

A number of studies have evaluated biochemical re- 
ceptor status or receptor levels in relation to the degree 
of myometrial invasion.*” '*:7°°?-275° In these 12 studies 
an effect of invasion on receptor presence, with de- 
creasing estrogen or progesterone receptor levels 
in more Invasive tumors, was found in only three 
cases.” '* °° The relationships between histologic grade 
and invasion were taken inta consideration in two stud- 
ies.'* °° A single study? has reported on immunohisto- 
chemical analysis receptor presence in relation to in- 
vasion; in 183 cases estrogen and progesterone recep- 
tor cancer cell scores and total tissue scores were not 
correlated to invasion. In the current study we found 
no correlation between the myometrial invasion and 
receptor content when correcting for histologic grade 
or stage. 

Our receptor findings in nonendometrioid endo- 
metrial cancers are in agreement with previous reports 
on this category of tumors. In clear cell carcinoma and 
uterine papillary serous carcinoma low incidences of 
both estrogen and progesterone receptors have been 
found*:* together with low mean levels of both recep- 
tors.’ In adenosquamous carcinoma receptor status 
similar to that seen in endometrioid carcinoma has | 
been found in one report,” whereas in three other 
studies” * '° a lower incidence of one or both receptors 
was found. 

An analysis of the relation between tumor receptor 
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content and patient age is limited by the age selection 
of patients with endometrial cancer; these patients are 
predominantly postmenopausal. Only one study? has 
reported a significant correlation (inverse) between re- 
ceptor amount (progesterone but not estrogen) and age 
in a group of patients (mean age 67 years) with en- 
dometrial cancer. This correlation was not confirmed 
by this or other studies.* *! 

We found relatively high levels of progesterone re- 
ceptor in adenomatous hyperplasia. This may support 
. the theory that adenomatous hyperplasia is associated 
with increased estrogen influence, because one cellular 
effect of this is known to be stimulated progesterone 
receptor synthesis.’ A few other studies have reported 
a tendency toward elevated biochemical levels of estro- 
gen receptor in simple hyperplasia’ *' and of proges- 
terone receptor in adenomatous hyperplasia? com- 
pared with normal endometrium and carcinoma. One 
immunohistochemical analysis receptor study'! dem- 
onstrated a high estrogen receptor score similar to what 
was seen in proliferative endometrium in both simple 
and adenomatous hyperplasia. Another study” found 
that estrogen receptor tmmunohistochemical analysis 
scores in adenomatous changes resembled those of ad- 
enocarcinomas and was lower than the receptor content 
in either simple hyperplasia or normal proliferative en- 
dometrium. 

The current study establishes a significant, inverse 
correlation between the content of estrogen and pro- 
gesterone receptors and the stage of endometrial car- 
cinoma independent of tumor grade and furthermore 
shows that the content of estrogen and progesterone 
receptors is distinctively associated with the histologic 
grade of the tumor. 

The immunohistochemical analysis cancer score was 
closely related to the total score, probably reflecting the 
finding that the malignant tissue component predom- 
inated in the majority of biopsies. Whether one of the 


two used receptor analysis methods or immunoscoring 


systems offers more prognostic information than the 
other may be ascertained when follow-up of the pa- 
tients is completed. 


We thank Marianne Barfoed, the Finsen Institute, 
Jannie Pheiffer, and Jane Andersen, Department of 
Pathology, Bispebjerg Hospital, for skillful technical as- 
sistance. 
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Recurrent maternal virilization during pregnancy caused by 


benign androgen-producing ovarian lesions 


Andrew J. VanSlooten, MD, Stephen F. Rechner, MD, and William G. Dodds, MD 


Grand Rapids, Michigan 


Benign causes of maternal virilization in pregnancy, such as luteoma of pregnancy and hyperreactio 
luteinalis, are generally believed to resolve completely post partum and not to recur. We present the fifth 
case in the literature of recurrent maternal virilization in pregnancy. These lesions should be viewed as 
potentially recurrent and cases should be managed accordingly. (AM J OBSTET GYNECOL 1992;167:1342-3.} 


Key words: Luteoma of pregnancy, virilization, hyperreactio luteinalis 


Maternal virilization in pregnarcy is rare and gen- 
erally the result of ovarian overproduction of andro- 
gens. Luteoma of pregnancy and hyperreactio lutein- 
alis associated with theca-lutein cysts are the two most 
common benign causes of maternal virilization in preg- 
nancy. Both conditions are thought to regress sponta- 
neously post partum and not to recur in subsequent 
pregnancies. 

We present the fifth case reporzed in the literature 
of recurrent virilization in pregnancy as a secondary 
effect of benign ovarian overproduction of androgens. 


Case report 


A 26-year-old white primigravid woman presented 3 
davs after vaginal delivery of a ncrmal male infant at 
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term; she had increased abdominal and lower-extrem- 
ity hair, deepening of the voice, and an enlarged, tender 
clitoris. Further questioning revealed that these symp- 
toms had been present for the last 3 months of the 
pregnancy. Her prenatal course had been otherwise 
unremarkable. Neither the patient nor family members 
had a history of hirsutism. Physical examination re- 
vealed significant terminal type hair on the abdomen 
and thighs. Clitoromegaly was noted on pelvic exami- 
nation. The adnexa were not enlarged. The serum tes- 
tosterone level was 520 ng/dl. At 2 weeks post partum 
the serum testosterone level was 64 ng/dl and the de- 
hydroepiandrosterone sulfate value was 110 pg/dl. 
Vaginal ultrasonography did not show adnexal masses. 
At a checkup 5 weeks post partum the clitoromegaly 
had decreased significantly. Luteoma of pregnancy was 
the presumptive diagnosis, and conservative manage- 
ment consisting of observation was undertaken. 

Over the next year and z half the patient had oli- 
gomenorrhea with menses 60 to 70 days apart. She 
returned with a desire to become pregnant again. The 
testosterone level was 100 ng/dl, the dehydroepian- 
drosterone sulfate level was 190 pg/dl, the luteinizing 
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hormone level was 12.3 IU/ml, and the follicle-stim- 
ulating hormone level was 5.4 IU/ml. The patient re- 
sponded to a challenge with depot medroxyprogester- 
one acetate. She refused clomiphene citrate, fearing 
multiple gestation. Shortly thereafter she conceived 
spontaneously. 

Results of initial pelvic examination and vaginal ul- 
trasonographic examination of adnexa at 7 and 18 
weeks were normal. There was no complaint or evi- 
dence on physical examination of increased hirsutism 
or virilization. At 30 weeks’ gestation the patient again 
complained of a lowered voice and an increase in ab- 
dominal hair growth. The serum thyroid-stimulating 
hormone level was 1.8 mIU/ml and the testosterone 
level was 161 ng/dl. Ultrasonography demonstrated a 
male fetus and normal-appearing adnexa. This preg- 
nancy ended in a vaginal delivery of a male infant 
weighing 8 pounds 8 ounces at term. The testosterone 
level the day of delivery was 275 ng/ml. At postpartum 
examination 4 weeks after delivery some decrease in 
clitoromegaly was noted. The serum testosterone level 
had decreased to 37 ng/dl. A presumptive diagnosis of 
recurrent luteoma of pregnancy was made. 


Comment 


This case represents the fifth report in the literature 
of recurrent maternal virilization during pregnancy. 
Luteoma of pregnancy and hyperreactio luteinalis have 
traditionally been viewed as lesions that completely re- 
gress post partum and do not recur with subsequent 
pregnancies. Although histologic confirmation is not 
available, the case presented here likely represents a 
recurrent luteoma of pregnancy. Statistically, maternal 
virilization is more commonly seen in luteoma of preg- 
nancy. Conditions associated with elevated human cho- 
rionic gonadotropin levels (e.g., molar pregnancy, 
erythroblastosis, multiple gestation), commonly seen in 
association with hyperreactio luteinalis, are not obvious 
here. 

In addition to the maternal distress generated by the 
symptoms and signs of virilization, virilization of a fe- 
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male fetus constitutes a major concern. Fetal virilization 
occurs in up to 50% of female fetuses in luteoma cases 
with no fetal virilization being reported in cases of hy- 
perreactio luteinalis.' 

Excess androgen exposure during the seventh to 
twelfth week of development in the female fetus may 
lead to genital ambiguity with labioscrotal fusion as well 
as clitoral enlargement. After the fourteenth week of 
gestation increased androgen levels can cause viriliza- 
tion but not genital ambiguity.? With luteoma of preg- 
nancy and hyperreactio luteinalis serum maternal an- 
drogen levels can be increased significantly, to levels 
300 ng/dl, by 12 weeks’ gestation. The placental ca- 
pacity to aromatize androgens to estrogens is generally 
not exceeded early in pregnancy, so that the female 
fetus is protected from labioscrotal fusion. This may 
not be the case later in pregnancy when higher andro- 
gen levels overwhelm the placental aromatase capacity, 
leading to increased fetal androgen exposure and 
virilization. 

The importance of this case is to emphasize that re- 
current hyperandrogenism in pregnancy can result 
from a benign ovarian etiology. In cases of luteoma of 
pregnancy there is up to a 50% risk of virilization of a 
female fetus. Recognizing this lesion as having the po- 
tential to recur should lead to earlier diagnosis of such 
recurrence in subsequent pregnancies by early mea- 
surement of maternal androgen levels. Early diagnosis 


‘is Important in counseling patients about the risk of 


virilization of female fetuses. Postpartum follow-up to 
ensure that androgen levels return to normal is nec- 
essary. Persistently elevated levels mandate further 
workup to rule out neoplastic ovarian lesions. 
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Effect of fat and fat-free mass deposition during pregnancy on 


birth weight 
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OBJECTIVES: The purposes of our study were to describe the patterns and location of fat and fat-free 
mass deposition during pregnancy and to evaluate their effects on fetal growth. 

STUDY DESIGN: Our study is a prospective follow-up of 105 healthy pregnant women who were delivered 
of term infants. Body composition was evaluated eight times during gestation with anthropometric 
measures and bioimpedance techniques. Body fat and fat-free mass were calculated with equations 


specifically developed for this population. 


RESULTS: Total weight gain was 10.0 + 3.5 kg; net weight gain was 3.7 + 0.31 kg; birth weight wes 
3211 + 467 gm (values are mean + SEM). In these women fat was deposited mostly in the thigh and 
subscapular region for a total of 6.23 + 0.19 kg at term. The period of pregnancy of the largest maternal 
fat deposition per weak is between the twentieth and thirtieth weeks. After adjusting by prepregnancy 
weight, birth weight is associated with maternal changes in thigh skin folds and fat gain before the trirtieth 
week of gestation. Iniants born to mothers with low fat gain before the thirtieth week were 204 gm lighter 
than infants born to mothers with fat gain =25th percentile of this population. 

CONCLUSION: Maternal nutritional status at the beginning of gestation and the rate of fat gain early in 
pregnancy are the two nutritional indicetors most strongly associated with fetal growth in this population. 


(Am J OBstET GYNECOL 1992;167:1344-52.) 


Key words: Birth weight, fat deposition, body composition changes during pregnancy 


Maternal nutritional status as evaluated by prepreg- 
nancy weight, height, or weight gain during gestation 
has repeatedly been demonstrated to be associated with 
birth weight.’ Furthermore, increased caloric intake 
with a presumably improved nutr:tional status also ap- 
pears to influence birth weight.’ 

Although the overall effect of weight gain during 
pregnancy has been established, its components (fat vs 
fat-free mass), the timing of tissue deposition and the 
independent effect of these factors on birth weight have 
yet to be completely described. Two early reports pre- 
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sented the patterns of far-fold. changes in a well- 
nourished‘ and an undernourished population.? These 
two reports and body composition changes during 
pregnancy estimated with the factorial method? have 
been the basis for the study of these issues up to recent 
years. The introduction of nonradioactive methods 
of body composition estimation’ has created new pos- 
sibilities for a more adequate evaluation of body com- 
position and energy balance during pregnancy in pop- 
ulations and their relationsnip with birth weight.® °. 
Our report describes the patterns and location of fat 
and fat-free mass deposition during pregnancy and 
prospectively evaluates the effects of these patterns and 
components of tissue accretion on birth weight. 


Material and methods 


We report a prospective follow-up study conducted 
within the Perinatal Research Program of the Guate- 
malan Social Security Obstetrics and Gynaecological 
Hospital and the Institute of Nutrition of Central 


' America and Panama. Between October 1985 and De- 


cember 1986, 123 pregnant women enrolled for pre- 
natal care in the perinatal nutrition unit before the 
seventeenth week of gestat.on. 

A detailed description of this population has been 
published elsewhere.'* '' In brief, these women were 
employed or married to employed men covered by the 
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Social Security Institute, with the majority belonging to 
the low-to-middle urban class. All participants were 
clinically healthy, with known date of last menstrual 
period and without clinical evidence of malnutrition, 
history of pregnancy complications, or abnormal base- 
line laboratory test. None had abnormal edema. 

From the original group of 123 enrolled patients 18 
‘are excluded from our report because they either had 
their first body composition measure after 16 weeks 
(n = 9) or they were delivered at <37 weeks of preg- 
nancy, a group excluded to control the effect of pre- 
term delivery on total weight gain. 

The 18 excluded patients had, as expected, lower 
weight gain (7.9 + 4.7 kg vs 10.0 + 3.5 kg), shorter 
gestational age (36.7 + 4.2 weeks vs 39.2 + 1.2 weeks), 
lower birth weight (2683 + 917 gm vs 3211 + 467 gm), 
and shorter birth length (45.8 + 1.7 cm vs 48.8 + 1.7 
cm) than the studied population. Therefore in the re- 
maining 105 patients we had the opportunity to observe 
weight and body composition changes throughout the 
complete gestational period. 

Information was obtained on sociodemographic vari- 
ables, nutritional status, and habits during pregnancy. 
Smoking is not prevalent in this population. Women 
followed typical urban Central American food patterns 
based on corn and beans with different proportions of 
animal protein. We made no attempt to alter dietary 
intake during the study. Clinical examination, anthro- 
pometric measures, and bioimpedance measures were 
obtained by the research team during each prenatal 
visit, at the time of discharge from the hospital after 
delivery, and within the eighth postpartum week. Qual- 
ity control, reliability, and error of anthropometric 
measures obtained from this population have been pre- 
viously reported.'* '° 

At each clinic visit the same trained operator (P.C.) 
used a carefully standardized form to record all an- 
thropometric measures in duplicate from the left side 
of the body. The two values were averaged for the 
analysis. Patients wearing light clothes were weighed 
on a calibrated scale. Height was measured without 
shoes. Skin folds were obtained at four body locations 
(thigh, subscapular, triceps, suprailiac) with a large cal- 
iper with 1 mm sensitivity according to standard tech- 
niques as suggested by Taggart et al.’ 


Weight gain at different gestational ages was calcu- 


lated as the difference between weight at a given time 
and weight at the first prenatal visit (mean gestational 
age 10 + 2.2 weeks). Net weight gain was defined as 
the difference between the weight at the first visit and 
the value within 1 postpartum week. 

Body fat and fat-free mass were calculated with an- 
thropometric and biotmpedance measures at the time 
of the first visit (10 + 2.2 weeks) and at several points 
thereafter (mean number of measures per patient 
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8 + 1.4). Estimations were made with equations spe- 
cifically developed for the present study and validated 
in a group of women from the same hospital." The 
two equations were obtained with multiple regression 
analysis from the SAS (SAS, Cary, N.C., 1985) statistical 
package. In these analyses body composition measured 
densitometrically was the dependent variable or “gold 
standard,” and anthropometric and bioimpedance 
measures were the independent (predictors) variables. 
The final equations are as follows: 


Body fat (kilograms) = -0.59 + 0.87 Weight — 
26.9 Body surface area (square meters) + 0.099 Sub- 
scapular skin fold (millimeters) + 0.076 Thigh skin 
fold (millimeters) + 0.0108 Resistance (ohms) from 
bioimpedance 


Body surface area (square meters) was calculated ac- 
cording to the Du Bois formula”: 


Body surface area = 
Weight®? x Height®” x 0.007184 
Body fat-free mass = 
6.51 + 0.38 Weight + 0.274 Height’/ Resistance 
(ohms) from bioimpedance 


The equations were evaluated in a second group of 
postpartum women (n = 18) from the same hospital. 
Values for body fat and fat-free mass calculated with 
densitometry (“gold standard”) and the already-de- 
scribed equations were correlated with R? = 0.87 SE of 
the estimation 1.47 kg for body fat and R? = 0.88 SE 
of the estimation 1.28 kg for fat-free mass. 

The bioimpedance method is based on the nature of 
the conduction of an applied electric current in the 
body. Bioimpedance uses a portable impedance ana- 
lyzer (RJL Systems, Detroit) with a localized (50 kHz) 
current injection that yields a measure of total body 
resistivity. The biolmpedance measures were made by 
using a tetrapolar electrode configuration with the pa- 
tient in supine position 2 hours after eating and voiding 
after recommended procedures.’ 

In living organisms electric conduction is related to 
the water and electrolyte distribution in the biologic 
conductor. Because fat-free mass, including the protein 
matrix of adipose tissue, contains virtually all of the 
water and conducting electrolytes in the body, conduc- 
tivity is far greater in the fat-free mass than in the fat 
mass. Total body water and lean body mass are strongly 
correlated with height®/resistance (ohms).’ 

Mean + SD of the body composition and anthro- 
pometric measures were calculated at different points 
during gestation and are used in the descriptive part 
of the study. Simple linear regression analyses were 
performed for each patient to calculate the rate of 
weight or tissue gain per week of gestation. Three pe- 
riods of gestation were chosen according to the pattern 
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Table I. Population characteristics and . 
maternal nutritional status at the time of first 
prenatal visit (n = 105) 


Population 
characteristic Mean + SD 
Gestational age at 10.0 + 2.2 
first visit (wk) 
Maternal height 150.7 + 6.3 
(cm) 
Maternal weight 50.5 + 83 - 
(kg) 
Weight/height ° 22.6 + 3.2 
(kg/m?) 
Skin folds (mm) i 
Thigh 22.8 + 6.5 
Subscapular 15.8 + 6.2 
Triceps 16.7 + 5.0 
Suprailiac 15.5 + 6.6 
Body fat (kg) 14.8 + 4.6 
Body fat (%) 28.9 + 4.2 
Fat-free mass 35.5 + 4.3 
(kg) tas 
Total weight gain 10.0 + 3.5 
at term (kg) : 
Gestational age at 29.2142 
delivery (wk) 
Birth weight 3211.0 + 467 
(gm) 
Birth length (cm) 48.8 + 1.7 
Head circumfer- l 34.0 + J.4 
ence (cm) ; 
Low birth weight 4.8 — 


(% <2500 gm) 


All deliveries >37 weeks’ gestation. 


Fat-free mass (kilograms) = 6.51 + 0.38 Weight + 0.274 
Height’/Resistance (ohms) from bioimpedance. Body fat (ki- 
lograms) = 
(square meters) + 0.099 Subscapular skin fold (millimeters) 
-+0.076 Thigh skin fold (millimeters) + 0.0108 Resistance 
(from bioimpedance). 


of residuals of the single linear regressions over time. 
Simple linear regression models then were estimated 
with the rates of weight or tissue gain per week for 
different periods of gestation as the predictors and 
birth weight as the outcome variable. | 

Multiple linear regression modeis were constructed 
with body composition estimates and anthropometric 
variables as predictors, and birth weight as the depen- 
dent variable adjusted by maternal weight at the time 
of the first visit. All regression coefficients from this 
analysis are expressed as increase in birth weight 
(grams) per unit (e.g., 100 gm) of weight, fat, or fat- 
free mass gain by the mother per week of gestation. 
Two-tailed ¢ tests were used. | ? 

The protocol of this study was reviewed and ap- 
proved by the Human Voluntary Committee of the In- 
stitute of Nutrition of Central America and Panama, 
Guatemala. ' 


Results 


In this study the population had a mean age of 
24.4 + 5.5 years and 8.0 + 1.4 prenatal visits; 51% of 


— 0.59 + 0.87 Weight —2€.9 Body surface area ` 
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the women worked formally outside the home, 59% 
were nulliparous, and only 5% were single. Table I 
shows descriptive information of the 105 patients en- 
rolled in the study. Body mass index in the first trimes- 
ter was 22.6 + 3.2, total weight gain at term was 
10.0 + 3.5'kg, and mean birth weight was 3211 + 467 
gm. 7 . 
Longitudinal body composition and skin fold 
changes. Figs. 1 and 2 present absolute changes in body 
composition during pregnancy and skin fold thickness. 
Maternal weight increases linearly during pregnancy, 
reaching a mean weight gain of 10.0 + 3.5 kg; body 
fat and fat-free mass rise at a similar rate, reaching at 
term a total of 6.23 (SEM 0.19) kg and 5.27 (SEM 0. 24) 
kg, respectively. These women augmented their total 
weight by 20.4%, body fat bv 46.5%, and fat-free-mass 
by 15.1% between the first trimester to the term of 
pregnancy. The mean net weight gain, evaluated before 
8 weeks post partum, was 3.7 (SEM 0.31) kg (Fig. 1). 
Skin fold measures have coefficients of variation close 
to 30%, with the exception of the suprailiac skin fold, 
which reached 40%. These values are very similar to 
those previously reported during pregnancy.** Thigh 
and subscapular skin folds have a linear increase during 
pregnancy, and only a modest fat deposition appears — 
to occur in the triceps and suprailiac areas. After de- 


‘livery a’ decline is observed in the four measures (Fig. 


2). 

Linear regression analyses were performed with each 
woman’s longitudinal data to calculate tissue gain per 
week of pregnancy. The mean, total maternal weight 
gain was 375.1 gm/wk, 231.2 gm/wk of fat, and 192.5 
gm/wk of fat-free mass. The period of the largest 
weekly fat deposition in these women is between the 
twentieth to thirtieth week of gestation; the greatest 
fat-free mass gain per week occurs after 20 weeks of 
gestation, continuing until term (216.2 gm/wk followed 
by 234.0 gm/wk). Subscapular.and thigh fat folds be- 
come enlarged considerably more per week than the 
other two fat-fold measures (0.31 mm/wk) (Table II). — 

Maternal body composition changes and birth 
weight.- The effect of maternal body composition 
changes on birth weight were studied with multiple 
linear regression models. Tne independent variables 
were all the indicators of body composition change at 
different times during pregnancy; birth weight was the 
outcome variable. All results are adjusted by early (<17 
weeks) maternal weight. 

Several methodologic issues were epler ed before 
these analyses were conducted. Interactions between 
early pregnancy weight and each of the other inde- 
pendent variables was tested, but none were found to 
be statistically significant and thus werë not included 
further in the analyses. A correlation matrix was con- 
structed among body composition variables to explore 
the level of colinearity among them. Low correlations 
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. Fig. 1. Absolute changes in weight and body composition during pregnancy and post partum. One 
hundred five“pregnant women prospectively monitored from the tenth week of gestation. All term 
deliveries (=37 weeks) and first prenatal visit <17 weeks. Body fat represents largest component of 


were observed between body-fat gain and fat-free mass 
changes during the three gestational periods (correla- 
tion coefficients 0.21 to 0.42), but the correlation was 
found to be r = 0.75 over the entire gestation. The 
relationship among fat-fold changes ranged between 
r = 0.34 and r = 0.75. Variance inflation factors and 
other colinearity statistics were evaluated in the final 
models. All variance inflation factors were low 
(<2.5), 

Finally, random measurement error for changes in 
weight and body composition over time was evaluated. 
Random measurement error was lower when overall 
changes in tissue or weight were used as compared with 
changes by period of pregnancy. The greatest mea- 
surement error was present in the first period for all 
variables and among them for. fat-free mass. 

Changes in thigh skin fold during pregnaney is the 
only one of the four sites that significantly predicted 
birth weight. Subscapular changes suggest a positive 
effect on birth weight (Table ITI). These results indicate 
that of women with the same weight at the first prenatal 
visit, those who gained an average of 0.31 mm/wk of 
thigh skin fold (Table II) will have babies who are on 


tissue gain during pregnancy. Bars indicate standard errors. 


average 158 gm heavier than those babies born to 
women who do not gain any thigh skin fold (about 
5% of the sample) during pregnancy (0.31 
mm/wk x 509.7 gm/mm/wk). 

After an adjustment for early maternal weight was 
made, an average weight gain of 100 gm/wk during 


pregnancy ‘was statistically significant associated with 


125 gm of birth-weight increase (p < 0.01). An average 
gain of 100 gm/wk of fat between the tenth week and 
term was associated with an increase of 163 gm of birth 
weight; the magnitude of this effect for fat-free mass 
was 204 gm (p < 0.01). However, when these variables 
are included together in a multiple regression model 
for the explanation of birth weight, maternal fat-free 
mass gain is no longer statistically significant, and fat 
gain remained associated with birth weight (Ta- 
ble IV}. ; 

Analyses were further conducted to determine which 
periods of gestation were more important in the rela- 
tionship between maternal body composition and birth 
weight. Only 77 women that had at least two body com- 
position measures in each pregnancy period were in- 
cluded in this analysis. Total weight gain was signifi- 
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Fig. 2. Absolute changes in skin-fold thickness during pregnancy and post partum. One hundred 
five healthy pregnant women prospectively monitored from the tenth week of gestation. All term 
deliveries (237 weeks) and first prenatal visit <17 weeks. Most fat deposition during pregnancy 
occurs in thigh and subscapular regions. Bars indicate standard errors. 


Table II. Body composition changes ! 
during pregnancy 






Nutritional indicator Mean = SEM 


Total weight (gm/wk) 104* 9754.2 122 

Total fat (gm/wk) 104 231.3 + 9.1 

Total fat-free mass 104 19225 % 6:3 
(gm/wk) 

Body fat (gm/wk) 
6-19 Weeks’ gestation 997 136.9 + 13.7 
20-30 Weeks’ gestation 94 321.1 + 19.4 
31 Weeks’ gestation— 87 234.1 + 26.3 
term 

Fat-free mass (gm/wk) 
6-19 Weeks’ gestation 99+ 135.6 + 12.2 
20-30 Weeks’ gestation 95 216.2 + 20.3 
31 Weeks’ gestation- 90 234.0 + 25.2 
term 

Skin folds (mm/ wk) 
Triceps 105 0.09 + 0.01 
Subscapular 105 0.31 + 0.02 
Thigh 105 0.31 + 0.02 
Suprailiac 105 0.05 + 0.02 


Individual linear regression over time; values obtained from 
6 ta 42 weeks’ gestation. Values are mean + SEM of regression 
coefficients from each regression line. 

*One patient excluded because of very extreme values. 


+Differences in sample size are because regression analsyses 
for different pregnancy periods required at least two data 
points in each period. 





cantly associated with birth weight in the first and last 
periods adjusted by the otner periods and early ma- 
ternal weight (Table V). When the analysis included 
body fat and fat-free mass gain divided by period of 
gestation (Table VI), it demonstrated that only body- 
fat deposition before the nineteenth week was inde- 
pendently associated with birth weight after adjustment 
for early maternal weight and the other variables in- 
cluded in the model. 

To explore in more detail the effect of early fat de- 
position, we calculated the mean birth weight for those 
women with fat deposition 225th or <25th percentile 
of total fat increase for this population. As can be seen 
at the bottom of Table VII, low fat gain during the 
total gestational period is associated with about 323 gm 
less birth weight. Infants bern to mothers who had low 
fat gain before the thirtieth week of pregnancy were 
204 gm lighter than infants born to mothers with higher 
fat deposition. 


Comment 


The objectives of this study were to describe the pat- 
tern and location of fat and fat-free mass deposition 
during pregnancy and to prospectively evaluate their 
effects on birth weight in a healthy urban population 
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Table ITI. Effect of skin-fold thickness changes during pregnancy on birth weight (n = 105) 


Maternal skin fold 
B (gm birth weight/mm!/wk)* SEM (B) 





(mm/wk) p Value 





Triceps 377.8 337.5 NS 
Thigh 509.7 223.9 0.02 
Subscapular 418.1 229,6 0.07 
Suprailiac — 76.9 298.6 NS 


NS, Not significant. 


*Grams of birth weight increase per millimeter change per week in maternal skin fold measurement adjusted by early maternal 
weight. 


Table IV. Effect of total weight gain and body composition changes on birth weight (n = 104) 


B (gm birth weight/ 100 gmi wh) SEM (B) 
38 


Intercept 3192% 








p Value 


Nutritional indicator 





Fat gain (gm/wk) 1367 62 0.03 
Fat-free mass gain (gm/wk) 527 91 NS 
Early maternal weight (kg) 15.6ł 5 0.001 


NS, Not significant. 

*Birth weight of infants from women with average total fat gain, fat-free mass gain, and early maternal weight. 

+Grams of birth weight increase per 100 gm maternal tissue gain per week adjusted by effect of other variables (multiple linear 
regression). . 

+Grams of birth weight increase per kilogram of early maternal weight difference, adjusted by effect of other variables. 





Table V. Effect of weight gain on birth weight by period of pregnancy (n = 77) 


~. B(gm birth weighi1100 gmi wh) SEM (B) 








Nutritional indicator p Value 





Intercept 2056* 278 = 
Weight gain (gm/wk) 
0-19 Weeks’ gestation = 494 22 0.03 
20-30 Weeks’ gestation 5 15 NS 
31 Weeks’ gestation—term 34 16 0.03 
Early pregnancy weight (kg) 174 5 0.002 


Analyses include women with at least two measures in each period of pregnancy. NS, Not significant. 
*Birth weight of infants from women with average weight gain in all periods of pregnancy and average early maternal weight. 


+Grams of birth weight increase for 100 gm/wk of maternal weight gain adjusted for effects of other pregnancy periods and 
early maternal weight. 


Grams of birth weight increase per kilogram of early maternal weight difference, adjusted by effect of other variables. 


in Guatemala. Several anthropometric measurements 
were taken, including fat folds in four locations, weight, 
height, and bioimpedance measurements. 

At the beginning of pregnancy women were lighter 
than well-nourished women from two European stud- 
ies,’ '© but with the same percentage of body fat (30%). 
Fat distribution estimated by the 10th week appears to 
be somewhat different than in previous reports. Fat 
folds are larger in the central locations (suprailiac and 
subscapular) and smaller in the lower body when com- 
paring our sample with that of Taggart et al." Thus this 
sample of Guatemalan women appear to be more cen- 
trally fat before pregnancy than the Aberdeen women. 

Similar to previous reports,**!” weight gain was char- 
acterized by. high subscapular and thigh-fat deposition, 
with the greatest changes occurring in the thigh skin 
fold both during pregnancy and immediately post par- 
tum. Furthermore, our data suggest that the thigh 1s 


the most responsive to changes in body fat during preg- 
nancy, which may be related to the different fatty acid 
composition’ and fat cell metabolism of the femoral- 
gluteal region." It has been hypothesized that the fem- 
oral-gluteal fat provides an energy buffer to the mother 
and fetus during late pregnancy and early lactation. In 
our repert the only significant relationship was ob- 
served between midthigh skin-fold gains and birth 
weight. 

One of the limitations in the use of fat folds to in- 
dicate fat distribution is that the precision and de- 
pendability of the measurements may vary with location 
and over the gestational pericd attenuating the asso- 
ciation between changes in fat folds over me and birth 
weight. However, analyses from this same group of 
women indicates that the precision of the fat folds is 
>95% in all time periods (6 to 19 weeks, 20 to 30 weeks, 
31 weeks to term) and locations. In addition, the at- 
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Table VI. Effect of changes in body composition on birth weight by period of pregnancy (n = 77) 





Nutritional indicator SEM (E 
Intercept 3184* 40 — 
Body fat gain (gm/wk) 

6-19 Weeks’ gestation 88t l 33 0.009 

20-30 Weeks’ gestation 34 22 NS 

31 Weeks’ gestation—term oe 16 NS 
Fat-free mass gain (gm/wk) 

6-19 Weeks’ gestation 7 , 41 NS 

20-30 Weeks’ gestation an Ue ; 21 NS 

31 Weeks’ gestation -term 29 16 0.08 
Early pregnancy weight (kg) 184 5 0.0008 


Analyses include only women with at least two measures in each period of pregnancy. NS, Not significant. 

*Birth weight cf infants from women with average gains in body fat, fat-free mass, and average early pregnancy weight. 

tGrams of birth weight increase per 100 gm/wk of maternal fat or fat-free mass gain adjusted fo? effect of other variables and 
time periods. 

Grams of birth weight increase per kilogram of early maternal weight difference, adjusted by effect of other variables. 


Table VII. Effect of birth weight of different levels of maternal fat gain by period of pregnancy 
























Period of Percentile cf 
pregnancy maternal fol Birth weight (gm, Mean difference 
` (wk gestation) gain (gm/ wh) mean + SD) (gi) p Value 





6-19 <25th 24 3050 + 425 204 0.04 
i =25th 75 3254 + 416 

20-30 <25th 23 3016 + 423 204 0.04 

=>=25th 7I 3220 + 410 ' 

3 l-term <25th 2] 3212 + 404 -25 NS 
=25th 66 3187 + 395 

6-terni <25th 26 2948 + 371 323 0.001 
=>25th 78 3271 + 410 





Exclusions in some periods are because fewer than two measurements in that period were available for some patients. NS, Not 


significant. 


tenuation caused by random measurement error of the 
change in fat folds in association with birth weight was 
no more than 10% for any sight. 

Only one of the other previous prospective studies” 
relating anthropometric measurements to birth weight 
included thigh fat folds. However, in this study only 
two measurements were taken during pregnancy, and 
the time of the first measurement varied from the first 
to the third trimester. Thus the degree of error with 
only two measurements, as opposed to an average of 
eight in our study, would have been much more likely 
to obscure the relationship of these fat-fold changes 
and birth weignt. 

Body composition was estimated with equations, in- 
cluding bioimpedance as one of the variables, and was 
validated in postpartum women against densitometric 
estimates. There are two possible limitations with the 
use of these estimates. The first is that gestational 
changes are expected to affect fat-Zree mass density and 
thus bias estimates when equations derived from non- 
pregnant, nonlactating women are used.*! The second 
limitation is that fetal contribution to total maternal 
tissue gain cannot be separated. 

With regard to gestational changes in body density 


affecting the results, previous studies during weight 
loss have suggested that decreases in glycogen and 
corresponding water loss cause progressive overesti- 
mation of fat-free mass when bioimpedance estimates 
are used. There is some evidence from animal studies 
that losses in glycogen stores may also occur during late 
pregnancy.” As a consequence, changes in fat-free mass 
can be underestimated anc changes in fat-mass over- 
estimated. 

Fat gain estimated in this study is higher than those 
previously reported in other ethnic groups.”! The in- 
clusion of bioimpedance measures in the equations, al- 
though its contribution is small, could overestimate this 
component. However, the patterns of change over time 
are in agreement with published data,**** obtained with 
deuterium oxide and underwater weighting. As in our 
study, well-nourished women tend to have small gains 
in body fat early in pregnancy, followed by rapid ac- 
cumulation between the twentieth and thirtieth week 
and a leveling off in the last part of gestation. 

Fetal contribution to total pregnancy weight gain ac- 
counts for almost 40%, representing approximately 9% 
of the weight gain from 0 to 10 weeks, 23% from 10 
to 20 weeks, 41% from 20 to 30 weeks, and 54% from 
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30 to 40 weeks.° However, 90% of the fat gained during 
gestation is deposited as maternal stores, mainly in the 
first two trimesters of pregnancy. Thus the estimates 
of maternal fat gain are less likely to be biased by the 
fetal growth contribution. In contrast, 60% of the total 
protein accretion 1s deposited in the products of con- 
ception, particularly in the last half of gestation. Thus 
our results should be interpreted with the caveat that 
the estimate of maternal fat-free mass gain in the latter 
part of pregnancy can be positively biased by fetal con- 
tribution. 

The association between fat-free mass changes and 
birth weight disappeared when total change in body fat 
was included in a multiple regression analysis (Tables 
IV and VI). Thus in this group of women the positive 
association of birth weight with pregnancy weight gain 
(Table V) in the first and third periods of gestation are 
likely the result of the influence of maternal body-fat 
change in the former and fat-free mass (including fetal 
gains) in the latter. 

Although we recognize that there are likely to be both 
random and systematic errors in the estimates that will 
tend to attenuate the regression coefficients in relation 
to birth weight toward zero, it is provocative that such 
strong positive asscciations were found with the esti- 
mates of body fat early in pregnancy. Our results lend 
support to the theory that fat deposited early in preg- 
nancy acts as a reserve for the last trimester’s calories 
demands. 

On the basis of the data presented here and previous 
reports, the following conclusions can be made: 

1. Maternal height, early pregnancy weight, and early 
fat deposition during gestation are independently re- 
lated to fetal growth, indicating the importance of pre- 
vious maternal nutritional status. This is before the time 
that most nutritional interventions have been 
implemented’ and could explain the lack of large effect 
on birth weight, although a more biologically important 
impact is observed when both prepregnancy and early 
gestational interventions are offered.” Future nutri- 
tional interventions should be planned considering this 
evidence. In clinical practice, early weight gain should 
be specifically monitored with available charts. 

2. Short women with 30% body fat early in pregnancy 
have a total weight gain of about 10 kg. This maternal 
weight gain is associated with a mean birth weight of 
3211 gm and a low birth weight rate of 4.8%, rates very 
similar to those in developed populations. Maternal nu- 
tritional interventions focused on women with low early 
weight gain should be evaluated by randomized clinical 
trials. 

3. The rate and location of fat deposition followed 
those described previously in other populations, sup- 
porting a biologic pattern with only small ethnic vari- 
ations. The importance of thigh and subscapular skin 
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fold is underlined for the nutritional evaluation of 
pregnant women. 

4. Thus nutritional factors appear to be consistently 
present during the reproductive period across popu- 
lations. The magnitude and timing of corrective actions 
should be proportional to the nutrition deficiency of 
the target population. Public health and nutritional 
programs should be planned accordingly. 


We thank the Institute of Nutrition of Central Amer- 
ica and Panama for its support during the data collec- 
tion period of the study, Dr. J. Haas for reviewing our 
manuscript, and J. Starks for assistance in its prepa- 
ration. 
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Maternal ventricular tachycardia associated 


with hypomagnesemia 


Maurice E. Varon, MD, David M. Sherer, MD, Jacques S. Abramowicz, MD, and 


Toshio Akiyama, MD 
Rochester, New York 


We present a rare case of recurrent sustained maternal ventricular tachycardia associated with 
hypomagnesemia. The frequency of this arrhythmia was markedly reduced with magnesium sulfate 
therapy. Both maternal and fetal outcomes were good. To the best of our knowledge this is the first 
description of maternal ventricular tachycardia that was associated with hypomagnesemia and did not 
require treatment with conventional antiarrhythmic medications. We discuss the possible underlying 
pathophysiologic causes of this condition. (AM J OssteT GYNECOL 1992;167:1352-5.) 


Key words: Maternal ventricular tachycardia, hypomagnesemia 


Paroxysmal monomorphic ventricular tachycardia is 
commonly encountered in patients with underlying 
ischemic or structural heart disease. Monomorphic ven- 
tricular tachycardia, however, may also occur in the 
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absence of structural heart disease. The underlying 
mechanism is presumed to be elevated adrenergic tone. 
Several patients with sustained (lasting >30 seconds) 
and nonsustained ventricular tachycardia occurring 
during pregnancy have been described.' Because of the 
rarity of ventricular tachycardia in association with 
pregnancy, a paucity of data exists regarding indica- 
tions for and the efficacy of treatment of this condition. 
We describe an unusual case in which recurrent sus- 
tained maternal ventricular tachycardia was associated 
with hypomagnesemia and was effectively treated with 
magnesium supplementation and no conventional an- 
tiarrhythmic medications. 
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Fig. 1. Twelve-lead electrocardiogram demonstrating ventricular tachycardia (paper speed 25 
cm/sec, | mV/cm). 
Case report tomatic monomorphic ventricular tachycardia occur- 
p y . . 

A 19-year-old woman, gravida 1, para 0, was evalu- ring at rates between 120 and 130 beats/min. With 24- 
ated in the emergency department of her community hour Holter monitoring performed without medica- 
hospital at 32 weeks of gestation, 2 weeks after a syn- tions there were 76,045 ventricular ectopic beats (3168 
copal episode. During the 28th week of an otherwise per hour) including 3302 runs of asymptomatic sus- 
uncomplicated pregnancy, she began experiencing pal- tained monomorphic ventricular tachycardia at a max- 
pitations and episoclic lightheadedness. She had had imum rate of 160 beats/min lasting up to 20 minutes. 
one syncopal episode lasting for only seconds. This oc- The ventricular ectopic beats and the ventricular tachy- 
curred after standing and working at a cash register cardia had identical QRS morphologic features. An 
for several hours. On initial evaluation, performed dur- echocardiogram documented normal left and right 
ing sustained ventricular tachycardia, blood pressure heart function, chamber size, and valves. She under- 
was 134/70 mm Hg and pulse was regular at 120 went exercise testing on a modified Bruce protocol. She 
beats/min. The lungs were clear; jugular venous pres- was in sustained ventricular tachycardia at the onset of 
sure was 6 cm H,O and cannon a waves were detected. the study and remained in this rhythm throughout the 
The first heart sound varied in intensity, the second 7¥2-minute test. Blood pressure increased physiologi- 
heart sound was normal, and there were no murmurs cally, and the ventricular tachycardia rate increased 
or gallops. Fundal height was appropriate for gesta- from 130 to 160 beats/min with no variation in the 
tional age. She had trace peripheral edema. Initial elec- morphologic characteristics. The test was stopped be- 
trocardiogram revealed monomorphic regular ventric- cause of leg fatigue. The serum magnesium level fluc- 
ular tachycardia at 125 beats/min with QRS complex tuated with values as low as 1.0 mEq/L. She received 
of 0.16 second and atrioventricular dissociation (Fig. a 2 gm intravenous bolus injection of magnesium sul- 
1). Treatment was initiated with intravenous procain- fate, followed by continuous drip at 1 gm/hr. Repeat 
amide and acebutalol. The serum magnesium level was Holter monitoring documented a marked decrease in 
1.1 mEq/L (normal 1.3 to 2.0 mEq/L), and a 2 gm the frequency of sustained ventricular tachycardia 
bolus of intravenous magnesium sulfate was adminis- along with a concurrent increase in the number of 
tered. She subsequently converted to normal sinus unifocal ventricular ectopic beats. The serum magne- 
rhythm with PR interval 0.15 second, QRS complex sium level with this regimen was maintained at 2.2 
0.08 second, QT. 0.42 second, and QRS axis — 10 de- mEq/L. On discontinuation of the magnesium sulfate, 
grees. On transfer to Strong Memorial Hospital, she the frequency of ventricular tachycardia returned to 


remained in normal sinus rhythm with frequent asymp- pretreatment levels and the number of ventricular ec- 
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Fig. 2. Results of 24-kour Holter monitoring. A, Total runs of ventricular tachycardia. Large arrow, 
Time at which magnesium bolus was given (serum magnesium level was 1.2 mEq/L before therapy) 
and continuous infusion was started. Small arrow, Time at which magnesium infusion was discon- 
tinued (serum magnesium level was 2.2 mEq/L). B, Hourly totals of single ventricular ectopic beats. 
Note inverse relationship in frequencies of ventricular tachycardia and isclated ventricular ectopy. 
C, Hourly totals of ventricular ectopy including single ectopic beats, pairs, and bizeminal beats. 


topic beats decreased (Fig. 2). The serum magnesium : 


level was subsequently maintained within the normal 
range with oral magnesium supplement. Transtele- 
phonic monitoring revealed frequent ventricular ec- 
topic beats and nonsustained ventricular tachycardia. 
At 39 weeks of gestation she wes admitted to the hos- 
pital for elective induction of labor. She remained 
asymptomatic in sustained ventricular tachycardia 
throughout labor and delivery. She spontaneously con- 
verted back to normal sinus rhythm several hours after 
normal vaginal delivery of a healthy 3210 gm male 
infant with Apgar scores of 9 and 9 at l and 5 minutes, 
respectively. Within 72 hours nonsustained ventricular 
tachycardia recurred. She was discharged on a regimen 
of oral magnesium supplementation with no evidence 
of cardiac compromise. 


Comment : 

Ventricular tachycardia occurring during pregnancy 
is most likely the result of increased sensitivity to cat- 
-echolamines in patients already predisposed to this con- 


a 


dition. In our patient both pregnancy and hypomag- 
nesemia appear to have contributed to the preexisting 
tendency to development of ventricular tachycardia. 
The exact mechanism by which magnesium inhibits 
ventricular tachycardia ts unclear. In our case magne- 
sium effectively suppressed ventricular tachycardia but 
not the isolated ventricular ectopic beats (Fig. 2, B 
and.C), both of which had the same QRS morphologic 
characteristics. Thus it appears that magnesium caused 
“use-dependent” prolongation of the effective refrac- 
tory period of a ventricular reentry circuit,’ thereby 
preventing continuation of reentry after the first reen- 
try beat (1.e., an isolated ventricular ectopic beat). 
While limited data exist regarding the indications for 
and the efficacy of antiarrhythmic drug therapy for 
ventricular tachycardia ir. pregnancy, the outcome for 
most patients appears to be good, especially in the ab- 
sence of underlying structural heart disease. This case 
exemplifies the possible association of hypomagnese- 
mia and ventricular tachycardia in pregnancy. Whether 
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antiarrhythmic drug therapy is indicated during preg- 
nancy with recurrent ventricular tachycardia should be 
-decided after detailed clinical assessment. This should 
include evaluation of symptoms and hemodynamic sta- 
tus during spontaneous episodes of ventricular tachy- 
cardia and with exercise stress testing. Furthermore, 
the presence or absence of ominous electrocardio- 
graphic features (rapid ventricular tachycardia rate, 
multiform or polymorphic ventricular tachycardia, and 
frequent ectopy) must be considered. 


Maternal ventricular tachycardia with hypomagnesemia 
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Maternal floor infarction: Relationship to X cells, major basic 
protein, and adverse perinatal outcome 


Karen K. Vernof, MD,”” Kurt Benirschke, MD,* Gail M. Kephart, BS,” 


Terri L. Wasmoen, PhD,’ and Gerald J. Gleich, MD* ° 


Rochester, Minnesota, and San Diego, California 


OBJECTIVE: Maternal floor infarction of the placenta is characterized by gross placental abnormalities 
and histologic evidence of X-cell proliferation. Previously, pregnancy-associated major basic protein has 
been localized to the placental X cell and identified at elevated levels in serum and amniotic fluid in all 
normal pregnancies. Here we test the hypothesis that pregnancy-associated major basic protein is 
localized to the X cells in maternal floor infarction and that it contributes to the pathophysiologic features of 


pregnancies complicated by maternal floor infarction. 


STUDY DESIGN: Seven patients with eight pregnancies complicated by maternal floor infarction were 
evaluated. We analyzed placental tissue, serum, amniotic fluid, and placental cyst fluid for 


pregnancy-associated major basic protein. 


RESULTS: Placental tissue fram pregnancies complicated by maternal floor infarction had increased 
numbers of X cells and fibrinoid material that occupied or surrounded degenerating villi and that stained 
intensely for pregnancy-associated major basic protein. Serum pregnancy-associated major basic protein 
levels were variable and likely cannot be used to predict the occurrence of maternal floor infarction. 
CONCLUSION: Pregnancy-associated major basic protein, a potent cytotoxin, is localized to X cells and is 
deposited in close proximity to chorionic villi in maternal floor infarction and may contribute to the 
pathophysiology of this disorder. (AM J Osstet Gynecot 1992;167:1355-63.) 


Key words: Placenta, intrauterine growth retardation, major basic protein 


Maternal floor infarction is an uncommon and poorly 
recognized disorder of pregnancy.'* It is characterized 
by massive fibrinoid deposition in the placenta at the 
maternal floor or basal plate. Fibrinoid virtually fills the 
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intervillous space encasing the chorionic villi, which be- 
come avascular and atrophy. Exchange of gases and 
nutrients cannot occur across the affected villi, and the 
fetus is compromised by the increasing placental in- 
sufficiency. 

Occasionally, the deposition of fibrinoid is not con- 
fined to the basal plate but extends throughout the 
placenta, giving it a firm texture because of the diffuse 
streaking of fibrinoid in the placental substance. In the 
German literature this has been referred to as Gitter- 
infarct or netlike infarct.* No clear-cut distinctions be- 
tween the two entities can be made, and the two are 
thus considered as one and the same condition. The ~ 


-_ 


af 
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infarcts of maternal floor infarction differ histologically 
from the common placental infarct. Common infarcts 
are usually focal and are the result of spasm, stenosis, 
or occlusion of the uteroplacental vessels.’ The lesion 
of maternal floor infarction is diffuse and. is not the 
result of a vasculopathy. Clinically, maternal floor in- 
farction is associated with a grossly abnormal placenta 
and with a continuum ranging from intrauterine 
growth retardation (IUGR) to intrauterine fetal death. 
It is an important lesion to recogrize because maternal 
floor infarction pequenty recurs in eee preg- 
nancies.’ . 

: The cause of maternal floor infarction has 1 not yet 
been determined. Its association with increased prolif- 
eration of the nonvillous trophoblast, often referred to 
as the X cell, has been clearly recognized, but the X 
cell itself is poorly understood.® The X cell is located 
primarily at the basal plate, in septa, and in the lining 
of both septal and subchorionic cysts’ *; its function 
remains an enigma. : 

A marker that is localized. to the X cell is the preg- 
nancy-associated major basic protein.” ° This substance 
is virtually identical to the eosinophil granule major 
basic protein” and is present in X cells and in placental 
site giant cells.” Eosinophil granule major basic protein 
is a highly toxic protein with an isoelectric point. of 
approximately 11; biologic functions include cytotox- 
icity to parasites and mammalian cells and activation of 
basophils,'’? mast cells,!* and platelets.'* In all normal 
pregnancies serum pregnancy-associated major basic 
protein levels are increased above nonpregnant levels. 
in the absence of blood or placental eosinophilia.® -° 
Amniotic fluid also contains high levels of pregnancy- 
associated major basic protein." Serum levels rise early 
in pregnancy. reach a plateau ar about 20 weeks, and 
then show a late rise that can be related to the onset of 
spontaneous labor.'*: '* However, the function of a toxic 
protein such’ as pregnancy-associated major basic pro- 
tein in normal physiologic reproduction remains un- 
known. l 

Recently we -observed a classic example of maternal 
floor infarction and obtained serum, amniotic fluid, 
and placental subchorionic cys: fluid, in addition to 
placental tissue, for analysis. Here we present this case 
along with others seen by one of the authors (K.B.). 
We used pregnancy-associated major basic protein as a 
marker for the X cell to analyze both fluid and tissue 
samples from women with prégnancies complicated by 
maternal floor infarction. Our hypothesis is that the 
cytotoxicity of pregnancy-associated major basic pro- 
tein may contribute to the pathophysiologic profile of 
maternal floor infarction. 


Case report 
A 29- -year-old’ white woman, gravida 2, para 0-1-0-1 


(Table I, patient 1), was referred to the Mayo Clinic at | 
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33 weeks by dates and 32 weeks by 10-week ultraso- — 
nography, for severe asymmetric IUGR. Ultrasono- 
graphic study at the time of transfer showed a fetus 
with a head circumference in the 10th percentile and 
an abdominal circumference <2.5th percentile. Am- 
niotic fluid volume was normal, and amniocentesis 
demonstrated a normal karyotype and negative cul- 
tures. Additional workup for cytomegalovirus, toxo- 


plasmosis, herpes simplex virus, fetal-maternal hem- 


orrhage, elevated partial thromboplastin time, anticar- 
diolipin, and anti-double-stranded deoxyribonucleic 
acid antibodies was negative. She was closely monitored 
for the next 2 weeks until she was delivered by cesarean 
section at 34 weeks 6 days tor prolonged variable fetal 
heart rate decelerations ard minimal fetal growth. A 


1325 gm male infant was delivered with Apgar scores ` ° 


of 9 and 9 (at 1 and 5 minutes, respectively) and arterial 
‘cord pH of 7.26. The infant appeared markedly growth 
retarded, but his subsequent growth and development 


‘have been normal. The placenta weighed 385 gm, mea- 


sured 16 X 10 cm, and had a 32 cm, three-vessel cord“ 
that inserted marginally. There were five large sub- 
chorionic cysts measuring up to 4 cm, several smaller 
cysts, and impressive fibrin deposition beneath the cho- 
rionic plate and at the basal plate (Fig. 1). 

Her prior pregnancy was complicated by IUGR in 
addition to placenta previa. That infant was delivered 
at 33 weeks by cesarean section for placenta previa and 
fetal distress at another institution. The infant weighed 
.1715 gm and is currently well. Unfortunately, no record 
of the placenta is available. 


Material and methods 
Clinical specimens. In the case reported (patient 1), 


_ serum was collected just ktefore cesarean section. Am- 


niotic fluid was obtained’ by transmembrane aspiration ` 
just before rupture of the membranes. Fluid from two 
subchorionic cysts was obtained, in addition to three 
blocks of placental tissue. Both amniotic fluid and cyst 
fluid were clear and without blood contamination. The 
fluid was kept at 4° C and assayed for pregnancy-as- 
sociated major basic protein 2 days after collection. Tis- 
sues were formalin fixed and paraffin embedded. 

Placental tissue was also obtained from five additional 
women with six pregnancies diagnosed as having ma- 
ternal floor infarction after gross and microscopic ex- 
amination of the placentas (Table I). Two blocks from 
each case’were examined ; 

Only two patients had both serum and placental tis- 
sue for analysis. In one ather case serum but not pla- 
cental tissue was available for study. Levels of preg- 
nancy-associated major basic protein were also mea- 
sured in sera from women with normal pregnancies. 

Table I outlines a brief clinical history of eight cases 
of maternal floor infarction in which placental tissue 
or serum was analvzed for pregnancy-associated major 
basic protein. 

Localization of major basic protein by immunoflu- 
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Table I. Case histories of patients with maternal floor infarction 















gestational | weight 





Pregnancy outcome 


l 34 wk 6 days, cesar- Yes 1325 385 
ean section, Apgar 
scores 9 and 9 


2 Spontaneous abortion NA NA NA 
3 28 wk, intrauterine Yes 350 175 
fetal death in preg- 
nancy | 
35 wk, intrauterine Yes NA 325 
fetal death in preg- 
nancy 2 
4 36 wk, cesarean sec- Yes 1358 649 
tion, fetal distress 
5 39 wk, cesarean sec- No 3230 350 


tion, fetal distress, 
Apgar scores 0 and 
1, cord pH 6.8, 
alive but severe 
mental retardation 
6 35 wk, cesarean sec- No 2608 300 
tion, fetal distress, 
Apgar scores 0 and 
1, neonatal death 
at 24% days of life 
7 24 wk, cesarean sec- Yes 320 NA 
tion, fetal distress, 
Apgar scores 5 and 
8, severe respira- 
tory distress, died 
shortly after de- 
livery 


Birth | Placental 


Specimen 


Prior IUGR pregnancy; probable maternal Placenta, serum, 


floor infarction amniotic 
fluid, cyst 
fluid 
— Placenta 
Juvenile rheumatoid arthritis, psoriasis Placenta 
Third pregnancy also with maternal floor Placenta 


infarction; cesarean section at 34 wk 
for IUGR; infant weighed 1050 gm; tis- 
sue not available for this study 


Several prior spontaneous abortions; prior Placenta, serum 


intrauterine fetal death at 26 wk; subse- 
quent intrauterine fetal death at 34 wk 
with diagnosis of maternal floor in- 


farction 
— Placenta 
— Placenta 
Prior second-trimester intrauterine fetal Serum 


death 





NA, Information not available. 


orescence. The indirect immunofluorescence method 
has been described in detail previously.'® 7° Briefly, 
sections from formalin-fixed, paraffin-embedded tis- 
sues were deparaffinized and rehydrated. Sections were 
treated with trypsin and incubated with normal goat 
serum to inhibit nonspecific interactions. Sections were 
exposed to either affinity-purified rabbit antihuman 
major basic protein antibody or to protein A purified 
normal rabbit immunoglobulin G as a control, followed 
by treatment with chromotrope 2R to prevent nonspe- 
cific eosinophil fluorescence. Last, sections were ex- 
posed to goat antirabbit immunoglobulin antibody con- 
jugated with fluorescein isothiocyanate. 

Reduction and alkylation of test samples. Preg- 
nancy-associated major basic protein antigenic activity 
cannot be fully measured in fluid without reduction 
and alkylation of the sample before immunoassay.” *° 
Briefly, after 50 ul of sample was diluted with 130 pl 
of 0.1 mol/L Tris buffer, 0.075 mol/L dithiothreitol 
solution was added to a final concentration of 0.0075 
mol/L. After a 60-minute incubation at room temper- 


ature, 0.15 mol/L iodoacetamide was added to a final 
concentration of 0.015 mol/L. The samples were then 
assayed after an additional 20-minute incubation at 
room temperature. 

Immunoradiometric assay for pregnancy-associ- 
ated major basic protein. An immunoradiometric assay 
that incorporated two monoclonal antibodies to major 
basic protein has been developed in our laboratory. In 
this assay sera from several pregnant women were 
pooled and titrated to generate a standard curve. Se- 
rum, amniotic fluid, cyst fluid, and the pooled preg- 
nancy standard were reduced and alkylated and diluted 
in PPF-E (0.1 mol/L phosphate, 0.5% fetal calf serum, 
0.1% sodium azide, 0.01 mol/L ethylenediaminetetra- 
acetic acid, and 1% protamine sulfate; pH 7.4). Im- 
mulon-4 flat-bottom plates with 96 removable wells (Dy- 
natech Laboratories, Inc., Chantilly, Va.) were coated 
with 100 pl/well of the first monoclonal antibody, J13- 
6B6 (3 ug/ml in phosphate-buffered saline solution). 
All incubations took place on a mechanical shaker at 
room temperature. After washing (0.1 mol/L phos- 
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phate, pH 7.5; Tween 20, 10 ml/L) three times, the 
wells were incubated with 200 ul of PPF-E for 20 min- 
utes to block nonspecific binding. PPF-E was aspirated, 
and 100 ul of diluted sample was added per well and 
incubated for 2 hours. Wells were washed before in- 
cubation with 100 ul of the second monoclonal anti- 
body, J14-8A2 (50 ng/ml in PPF-E) that had been ra- 
dioiodinated by the chloramine-T method.*! After | 
hour, wells were aspirated, washed, and counted. Sera 
from a normal male and from a patient with hyper- 
eosinophilic syndrome were used as internal controls. 
All samples and controls were analyzed in duplicate. 


Results 


Localization of pregnancy-associated major basic 
protein by immunofluorescence in placental tissue. 
The pathognomonic finding by light microscopy in ma- 
ternal floor infarction is the presence of chorionic villi 
encased in fibrinoid. With immunofluorescence we 
found that this typical lesion of maternal floor infarc- 
tion is intensely positive for pregnancy-associated major 
basic protein deposition (Fig. 2). In all of the placental 
specimens (Table I, cases 1 through 6), we found an 
unusually large number of X cells in close proximity to 
the affected villi and deposition of pregnancy-associ- 
ated major basic protein in the associated fibrinoid. X 
cells in normal placentas are confined to the basal plate 
or within septa and are not usually in contact with the 
chorionic villi. In all placentas, regions showing normal 
villi negative for pregnancy-associated major basic pro- 
tein deposition were also observed. Fig. 3 shows an 
affected area of atrophic villi surrounded by X cells 
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and fibrinoid next to an area of normal chorionic villi 
not stained with antibody to pregnancy-associated ma- 
jor basic protein. In addition, this section shows a clus- 
ter of X cells in direct contact with normal chorionic 
villi, possibly representing a very early stage of villus 
envelopment. 

Characteristically, X cells demonstrated a variable 
staining pattern for pregnancy-associated major basic 
protein (Figs. 2 and 3). At higher power (results not 
shown), a few X cells showed intense, cytoplasmic stain- 
ing, although the majority showed a perinuclear spec- 
kled pattern and others showed no staining. The ex- 
tracellular matrix surrounding the X cells showed im- 
pressive pregnancy-associated major basic protein 
deposition, staining more intensely than the X-cell cy- 
toplasm. 

Striking immunofluorescent staining was seen in a 
section showing the formation of a small septal cyst 
(Fig. 4). These cysts are often referred to as X-cell cysts 
because they are lined by X cells. The intense staining 
is consistent with the finding that the fluids from these 
cysts contain the highest levels of pregnancy-associated 
major basic protein of any fluid analyzed in our labo- 
ratory (Table II). 

Fig. 5 illustrates the membrane-associated X cells. 
They are directly beneath the chorion and, when found 
in the free membranes (chorion laeve), represent rem- 
nants of the trophoblastic shell. More commonly they 
are found directly beneath the chorionic plate (chorion 
frondosum) and are associated with the invagination of 
the basal plate forming the placental septa. It is from 
these X cells that the subchorionic cysts are formed. 





Fig. 1. Top, Placenta from case 1. A, Chorionic plate, showing multiple, large subchorionic cysts 
typical of maternal floor infarction. Fluid from two central cysts was aspirated and analyzed for 
pregnancy-associated major basic protein content (see Table II). B, Basal plate, showing firm, white 
areas that histologically contained increased numbers of X cells and fibrinoid deposition. 


Fig. 2. Second row, Typical microscopic lesion of maternal floor infarction, case 1. A, Anti-pregnancy- 
associated major basic protein immunofluorescence. Deposition of pregnancy-associated major basic 
protein occurs throughout the lesion but is more intense in areas where X cells are identified by 
light microscopy. Less intense staining appears in areas apparently corresponding to necrotic acellular 
villi. (Original magnification x 160.) B, Serial section. Note avascular, atrophic chorionic villi encased 
in fibrinoid. Closed arrows, Examples of atrophic villi; open arrow, one of many X cells. (Hematoxylin 
and eosin.) 


Fig. 3. Third row, Comparison of normal and affected chorionic villi in maternal floor infarction, 
case 1. A, Anti-pregnancy-associated major basic protein immunofluorescence. Area showing villi 
surrounded by X cells and fibrinoid that are positive for pregnancy-associated major basic protein 
is next to area of normal, nonstaining villi. Arrow, Fetal eosinophil that is highly positive for major 
basic protein. (Original magnification X 160.) B, Serial section. Note cluster of X cells extending 
from affected villi to normal villi. This may represent an early stage of encasement of normal villi 
by X cells and fibrinoid. a, Atrophic villus; n, normal villus; x, X cells. (Hematoxylin and eosin.) 


Fig. 4. Bottom, Placental septal cyst, case 2. A, Anti-pregnancy-associated major basic protein im- 
munofluorescence. Highly positively staining “lake” surrounded by X cells represents small septal 
cyst. (Original magnification X 160.) B, Serial section. (Hematoxylin and eosin.) 
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Fig. 5. Membrane-associated X cells, case 1. A, Anti-pregnancy-associated major basic protein im- 
munofluorescence. (Original magnification x 160.) B, Counterstained section. a, Amnion; c, chorion; 


arrows, X cells. (Hematoxylin and eosin.) 


Table II. Levels of pregnancy-associated major 
basic protein 





Pregnancy-assoctated 
major basic protein 
(ng/ml) 














Condition Sample 


Normal pregnancy 


24 wk (n = 79) Serum 4190 + 2074* 
35 wk (n = 105) Serum 49295 + 2433* 
37 wk (n = 112) Serum 4692 + 24992* 
Term Cyst fluid 76,242 
Maternal floor infarction 
24 wk (case 7) Serum 14,769 
34 wk 5 days Serum 5,365 
(case 1) Amniotic fluid 3,282 
Cyst fluid No. | 133,000 
Cyst fluid No. 2 85,450 
36 wk (case 4) Serum 3,640 
Control (normal Serum 104 + 17.9% 


male; n = 248) 


*Mean + SE. 


The presence or absence of pregnancy-associated 
major basic protein deposition served to distinguish the 
fibrinoid material encasing the villi from the intervil- 
lous fibrin that is deposited from the maternal blood. 
Although similar by hematoxylin and eosin staining, 
immunofluorescent staining showed pregnancy-asso- 
ciated major basic protein in the fibrinoid associated 
with villi surrounded by X cells, whereas the intervillous 
fibrin was negative (Fig. 6). 

Fig. 7 shows an unusual staining pattern in which the 
pregnancy-associated major basic protein deposition 
appears to be directly on the villi. The patient had 
juvenile rheumatoid arthritis and psoriasis. This pat- 
tern was not seen in any of the other cases in this study. 

Pregnancy-associated major basic protein levels in 
serum and in amniotic and cyst fluid. Table II shows 
pregnancy-associated major basic protein levels in se- 
rum, amniotic fluid, and cyst fluid. Remarkably high 


levels have previously been demonstrated in fluid from 
septal and subchorionic cysts lined by X cells." '' The 
cyst fluid specimens obtained from the placenta with 
maternal floor infarction and from a normal, term 
placenta show levels consistent with the previous find- 
ings. Serum specimens from the pregnancies compli- 
cated by maternal floor infarction show variable levels 
of pregnancy-associated major basic protein. Although 
the serum level of 14,769 ng/ml is exceedingly high 
for a gestation of 24 weeks, the other serum levels are 
within the range seen in normal pregnancies at their 
respective gestational ages. Amniotic fluid levels of 
pregnancy-associated major basic protein are quite 


' and the one sample 


variable in normal pregnancy, ' 
obtained is likely within the normal range for gesta- 
tional age. 

Clinical manifestations. The clinical histories shown 
in Table I reveal several important points. All of the 
women in this study with infants born alive (five of eight 
gestations) had cesarean sections for fetal distress. 
There was one spontaneous abortion, two intrauterine 
fetal deaths, and two neonatal deaths. Of the five in- 
fants born alive, four were delivered preterm and three 
were small for gestational age. The repetitive nature of 
maternal floor infarction is revealed in four of the seven 
patients. Patient 1 had a prior IUGR infant; patient 3 
had three pregnancies with known repetitive maternal 
floor infarction; patient 4 had several prior sponta- 
neous abortions and two intrauterine fetal deaths; pa- 
tient 7 had a prior intrauterine fetal death. 

Patient | was very closely monitored during the 2 
weeks before delivery, and although the infant was pre- 
term and growth retarded, the Apgar scores of 9 and 
9 (at 1 and 5 minutes, respectively) indicate a good 
prognosis. Patients 5, 6, and 7 had poor outcomes. One 
infant died on day | of life, one died on day 3 of life, 
and the other is severely mentally retarded. 
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Fig. 6. Differentiation of fibrin and fibrinoid by pregnancy-associated major basic protein deposition, 
case 2. A, Anti-pregnancy-associated major basic protein immunofluorescence. Area of highly pos- 
itive X cells and fibrinoid is next to negatively staining fibrin-surrounded villi. (Original magnification 


x 160.) B, Serial section. (Hematoxylin and eosin.) 





Fig. 7. Perivillus deposition of pregnancy-associated major basic protein, case 3. A, Anti-pregnancy- 
associated major basic protein immunofluorescence. Note unusual deposition of pregnancy-associ- 


ated major basic protein surrounding chorionic villi. This patient had juvenile rheumatoid arthritis 


and psoriasis. This pattern of deposition was not seen in any other cases. (Original magnification 


x 160.) B, Serial section. (Hematoxylin and eosin.) 


Comment 


In normal pregnancy X cells are found in the pla- 


centa at the basal plate, in septa, and in the lining of 


the septal and subchorionic cysts. Furthermore, preg- 
nancy-associated major basic protein is found at ele- 
vated levels in amniotic fluid, serum, and cyst fluid in 
normal pregnancies. In placentas with maternal floor 
infarction, X cells are found in these same sites but in 
markedly increased numbers and with increased cyst 
formation; in addition, X cells are found in close prox- 
imity to the affected villi. In view of the increased pro- 
liferation of X cells in placentas from maternal floor 
infarction we hypothesized a corresponding increase in 
pregnancy-associated major basic protein. Immunoflu- 
orescent staining confirms an increased placental de- 
position of pregnancy-associated major basic protein in 
placentas with maternal floor infarction compared with 


normal placentas. However, levels of pregnancy-asso- 
ciated major basic protein in sera and amniotic fluid 
from pregnancies complicated by maternal floor in- 
farction were quite variable. From this study it does not 
appear that serum pregnancy-associated major basic 
protein levels can be used to predict maternal floor 
infarction. The mechanism by which it enters amniotic 
fluid and maternal serum is unknown. This study in- 
dicates a poor correlation between the increased de- 
position of pregnancy-associated major basic protein in 
placental tissue and serum levels in pregnancies com- 
plicated by maternal floor infarction. 

The hypothesis that the X cell produces pregnancy- 
associated major basic protein is supported not only by 
the intracellular localization by immunofluorescence 
but also by the significant concentration in cyst fluid. 
X cells may produce pregnancy-associated major basic 
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protein, a highly toxic protein, causing degeneration 
and cyst formation. This is supported by histologic ob- 
servations showing the inner portion of the cysts lined 
by ragged, degenerating X cells and cellular debris in 
the fluid (Fig. 4). 

It is believed that fibrin is deposited in the normal 
placenta as a result of eddying of maternal blood in the 
intervillous spaces, particularly at the chorionic plate. 
The maternal circulation in the placenta functions at a 
relatively low pressure. By the time the blood reaches 
the chorionic plate, blood flow is reduced and this stasis 
results in fibrin deposition. An alternate hypothesis is 
that fibrin deposition occurs on damaged villi and rep- 
resents a form of villous repair.” Grossly, fibrin de- 
position is manifested as white speckling or occasionally 
larger plaques visible through the chorionic plate in the 
term placenta. This true fibrin, derived from the ma- 
ternal fibrinogen, differs from fibrinlike material or 
fibrinoid. With transmitted light in hematoxylin and 
eosin—stained sections the two are difficult to distin- 
guish; both stain as pale eosinophilic, ground glass— 
appearing material. Little is known about the compo- 
sition of fibrinoid in the placenta. Here we have shown 
that the fibrinoid in proximity to the X cells is highly 
positive by immunofluorescence for pregnancy-asso- 
ciated major basic protein. This is clearly different from 
the negatively staining maternal fibrin deposits (Fig. 6). 
The localization of pregnancy-associated major basic 
protein intracellularly in the X cell and extracellularly 
in the fibrinoid suggests that the X cell either manu- 
factures both pregnancy-associated major basic protein 
and fibrinoid or produces substances, including preg- 
nancy-associated major basic protein, that induce the 
formation of fibrinoid. 

The role of the X cell and pregnancy-associated ma- 
jor basic protein in the pathologic process of maternal 
floor infarction is only speculative at this time. This 
study suggests that the proliferation of X cells and the 
increased production of pregnancy-associated major 
basic protein contribute to the increased deposition of 
fibrinoid around the villi. Certainly the increased num- 
bers of X cells are associated with the formation of the 
septal and subchorionic cysts. Small in size and number, 
these cysts are commonly found in normal, term pla- 
centas but rarely before 36 weeks. In maternal floor 
infarction there are often multiple, large cysts in pla- 
centas delivered preterm. The X cell appears to be a 
well-differentiated trophoblast and, although present 
in early gestation, proliferates near term. One hypoth- 
esis suggests that the cytotoxic properties of pregnancy- 
associated major basic protein regulate trophoblastic 
growth. Maternal floor infarction and the increased 
numbers of X cells may thus represent an early aging 
of the placenta or an overregulation of trophoblastic 
growth, with resultant placental insufficiency as the 
cause of IUGR or intrauterine fetal death. 

The cause of much IUGR is unknown. Several 
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authors have made the association between prolifera- 
tion of X cells, increased fibrinoid deposition, and 
IUGR.* ***° Classic maternal floor infarction with the 
gross and microscopic placental changes and with pa- 
tient histories of repeated pregnancies complicated by 
IUGR or intrauterine fetal death is not common. In- 
deed, most obstetricians, neonatologists, and patholo- 
gists are not familiar with the entity. Maternal floor 
infarction may simply be the extreme clinical manifes- 
tation of a disease process responsible for a continuum 
of disorders from habitual abortions, IUGR of un- 
known cause, and finally intrauterine fetal death. It is 
imperative that it be recognized because close moni- 
toring of subsequent pregnancies and possibly early 
delivery can alter the outcome.’ 


We thank Dr. Judy Ney for assistance in obtaining 
specimens and for critical review of this manuscript. 
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The effect of placental management at cesarean delivery on 


operative blood loss 
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OBJECTIVES: The effect of alternative methods of placental delivery at cesarean section on blood loss 
has not been reported. The hypothesis of this study was that spontaneous expulsion of the placenta would 
reduce operative blood loss, compared with that of manual extraction during cesarean delivery. 

STUDY DESIGN: We prospectively randomized and compared outcomes of 62 gravid women with manual 
(n = 31) or spontaneous (n = 31) placental delivery at cesarean section. Operative blood loss was 


measured directly. 


RESULTS: Blood loss measured at cesarean delivery was greater in the manually delivered group 
(967 + 248 ml) than in the spontaneously delivered group (666 + 271 ml, p < 0.0001). The incidence of 
postpartum endometritis was sevenfold greater in the manual than the spontaneous group (23% vs 3%, 


respectively; p < 0.05). 


CONCLUSIONS: We conclude that spontaneous expulsion of the placenta at cesarean delivery results in 
less operative blood loss and a lower incidence of postoperative endometritis. (Am J OBSTET GYNECOL 


1992:167:1363-7.) 
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Cesarean delivery is one of the most commonly per- 
formed major operations’‘in the United States. Patients 
undergoing abdominal delivery are exposed not only 
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to risks inherent to major abdominal surgery but to 
additional risks (e.g., thromboembolic phenomena, as- 
piration pneumonia) in association with physiologic al- 
terations of pregnancy. At term the gravid uterus Is 
perfused at a rate of 500 to 750 ml/min.’ This physi- 
ologic hyperperfusion results in an average blood loss 
at cesarean delivery of approximately 1000 ml and a 
risk for operative hemorrhage.’ Infectious morbidity is 
estimated at 5% to 85% in postcesarean patients.’ 
Studies of the possible role the technique of placental 
delivery might play in operative blood loss at cesarean 
delivery have not been reported. In texts of operative 
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obstetrics that address placental delivery, a manual 
shezring of the placenta from its attachment at the 
decidua basalis after delivery of the fetus is suggested. 
Spontaneous expulsion of the placenta is not discour- 
aged unless occurring in an untimely fashion.** 

We prospectively examined the effect of placenta. 
management on operative blood loss at cesarean deliv- 
ery. We hypothesized that spontaneous delivery of the 
placenta, similar to that during vaginal deliveries. 
would reduce blood loss and would not be associated 
with a significantly prolonged duration of surgery. 


Methods 


This prospective study was performed in 62 women 
undergoing cesarean delivery at Naval Hospital Camp 
LeJeune between September 1990 and March 1991. 
Regional and institutional research review board ap- 
proval was obtained for the study, as was written in- 
formed consent from all volunteers. Sixty-two patients 
who were candidates for cesarean delivery were pre- 
operatively enrolled consecutively and assigned ran- 
domly to study or control groups by randomized cards 
in numerically ordered and sealed envelopes. The 
study group was that group of patients having spon- 
taneous expulsion of the placenta at cesarean delivery. 
The control group consisted of those patients with man- 
ual detachment of the placenta at cesarean delivery. 
Patients <18 years old were excluded. 

Cesarean delivery, primary or repeat, was done for 
obstetric indications by the investigators who were 
board certified or eligible obstetrician-gynecologists. 
Immediately before delivery an amniotic fluid index 
was obtained for all patients to correct for volume of 
amniotic fluid collected with blood.® All uterine inci- 
sions, either transverse or vertical, were performed 
through the lower uterine segmeni. After delivery of 
the neonate, the cord was clamped and cut. Pennington 
clamps:were placed at the uterine incisional angles for 
hemostasis. Twenty units of oxytocin was then added 
to the isotonic intravenous solution, and a rate of in- 
fusion of 200 mg/hr was maintained for the duration 
of the surgery. 

In control patients the placenta was manually re- 
moved at this time and the uterus was massaged to 
stimulate myometrial contractions. In those patients 
randomized to the experimental arm, the placenta was 
allowed to separate spontaneously from the decidua 
basalis through the uterine incision via gentle traction 
on tke umbilical cord. The uterine incision was closed 
with a no, 1 absorbable suture, and the uterine incision 
was imbricated in all patients. Uterine serosa was not 
approximated in any patients. Parietal peritoneum and 
rectus fascia were closed with absorbable suture. Skin 
edges were approximated with staples. 

Packs were weighed dry and wet, irrigation fluids 
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were measured, and operative blood loss at time of 
surgery was measured by tne circulating nurse. The 
circulating nurse also recorded time intervals for du- 
ration of surgery, time from. initiation of uterine inci- 
sion to closure (including imbricating layer), and du- 
ration from neonatal delivery to placental delivery. An 
IO Ban-drape (Baxter Corp., St. Paul, Minn) laparot- 
omy drape was used to minimize unaccounted opera- 
tive blood loss. In addition, blood loss was estimated by 
the anesthesia provider. 

All drugs administered to the patient during labor, 
surgery, or the immediate postpartum period, includ- 
ing agents known to affect uterine contractility, as well 
as use of single-dose cephalosporin antibiotic prophy- 
laxis, were noted. Postoperative hemograms were ob- 
tained postoperatively at 12 and 48 hours and assayed 
via Coulter Counter (Coulter Electronics Inc., Hialeah, 
Fla.). Postoperative complications were recorded. En- 
dometritis was diagnosed in those patients with para- 
metrial tenderness, a progressive leukocytosis (white 
blood cell count >15,000/m1), and at least two tem- 
perature elevations (=38° C) >6 hours apart) after the 
first 24 hours post partum. ; 

Data on all 62 patients errolled were available for 
review with no postenrollment exclusions from this 
study. Statistical analysis of continuous data was by the 
two-tailed Student ¢ test. Discrete data were analyzed 
via analysis of variance. Statistical significance was set 
for values of p < 0.05. 


Results 


Demographic characteristics of all patients are com- 
pared in Table I. Parity and ethnicity were not signif- 
icantly different in this study. There was no significant 
differences between the two groups for antenatal com- 
plications of hypertension, postdatism, diabetes, bleed- 
ing disorders, obesity, fetal growth disorders, and an- 
tenatal assessment outcomes. Indications for cesarean 
delivery included: arrest of labor (50%), fetal malpre- 
sentation (18%), fetal distress (6%), active genital 
herpes (5%), and elective repeat cesarean delivery 
(21%). No differences existed between the groups for 
indications for cesarean delivery. 

Other preoperative comparisons are reported in 
Table II. In addition to oxytocin, four patients had been 
treated with terbutaline, three with prostaglandin E, 
gel, and five received magnesium sulfate with no sta- 
tistically significant differences between the groups. 
Amniotic fluid index determined preoperatively did 
not vary significantly. Labor occurred in 18 of 31 and 
20 of 31 patients in the study and control groups, re- 
spectively (not significant). Rupture of the membranes 
was documented in 14 of 3] patients having sponta- 
neous expulsion and 18 of 31 patients undergoing man- 
ual extraction of the placenta (not significant). 
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Table I. Patient demographics 





Placental delivery 






Spontaneous Manual 
(N = 31) (N = 31) 





Age (yr) 24.2 + 5.5 24.5 + 4.0 
Gravidity 1.9 + 1.0 1.8 + 1.0 
Gestational age (wk) 38.6 + 2.4 39.6 + 1.4 
Weight (kg) 81.2 + 6.8 79.5 + 5.1 
Admission hemoglobin 12.5 + 1.0 12.0: °2.5 


(gm/dl) 


Data are presented as mean + SD. p, Not significant. 


Table II. Preoperative data 





Placental delivery 






Spontaneous 
(N = 31) 








Presence of labor 18 (58%) 20 (65%) 
(No.) 

Oxytocin use (No.) 13 (42%) 14 (45%) 

Primary cesarean de- 21 (68%) 25 (81%) 
livery (No.) 

Amniotic fluid index 10.5 + 3.9 10:3. 3-7 
(cm) | 


p, Not significant. 


The incidence of regional anesthesia was not signif- 
icantly different (25/31 [81%] in the spontaneous 
group and 23/31 [74%] in the manual placental deliv- 
ery group). Antibiotic prophylaxis for obstetric and 
medical indications was given in 22 of 31 (71%) and 24 
of 31 (77%) for the spontaneous and manual groups, 
respectively (not significant). Abdominal incisions were 
transverse in 29 of 3] and 30 of 31 patients in the 
spontaneous and manual groups, respectively. Addi- 
tionally, transverse uterine incisions were performed in 
30 of 31 and all of the 31 patients in the two respective 
groups (not significant). 

Comparative operative data are listed in Table III. 
Tubal ligation was performed in an equal number of 
patients in the study and control groups (n = 5 in each). 
Again, uterine incision “open” refers to length of time 
recorded from initiation of uterine incision to comple- 
tion of imbricating layer. 

Measured blood loss was significantly greater in the 
manually detached placenta group than in the spon- 
taneously delivered placenta group (p < 0.0001). Es- 
timated blood loss was greater in the manually detached 
group than in the spontaneously delivered group 
(p < 0.05). Surgical complications were sporadic and 
included: uterine atony (n = 1), uterine incisional ex- 
tension (n = 1), and aspiration pneumonia (n = 1). 
There was no difference between the study groups re- 
garding the incidence of surgical complications. 

Postoperative data including decrease in hemoglobin 
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Table III. Operative data 





Placental delivery 











Manual 
(control) 
(N = 31) 






Spontaneous 
(N = 31) 





Duration of surgery 32.7 + 6.3 35.1 + 8.4 
(min) 

Uterine incision 13.0 + 3.7 - [29 + 3.4 
“open” (min) 

Duration of stage III 2.0 + 0.9 1.6 + 0.9 
(min) 

Measured blood loss 666 = 271* 967 + 248 
(ml) 

Estimated blood loss 764 + 2287 924 + 304 


(ml) 


*p < 0.0001, compared with control. 
tp < 0.05, compared with control. 


Table IY. Postoperative data 





Placental delivery 







Manual 
(control) 
(N = 31) 










Spontaneous 


Decrease in hemoglobin 


(gm/dl) 


12 hr after operation 1.2 + 0.9 1.5 + 0.9 
48 hr after operation 1.4 + 0.8* 1.9 + 0.8 

Postoperative hospital ce mre hem Ie 4.8 + 2.1 
stay (days) 

Incidence of endome- 1 (3%)* 7 (23%) 
tritis (No.) 

Incidence of other 3 (10%) 2 (6%) 


complications (No.) 


*» < 0.05, compared with controls. 


at 12 and 48 hours are reported in Table IV. No sig- 
nificant difference existed at 12 hours; however, the 
decrease in postoperative hemoglobin was significantly 
greater in the group with manual removal than in the 
spontaneous expulsion group at.48 hours. In addition, 
the incidence of puerperal endometritis was sevenfold 
higher in the manual group. Postoperative hospital stay 
was also significantly longer in the group undergoing 
manual placental delivery. The incidence of other com- 
plications including wound infection (n = 2), urinary 
tract infection (n = 2), and transfusion (n = 1) was not 
statistically different in the two groups. 


Comment 


In this study a significant decrease in measured blood 
loss was seen in patients undergoing cesarean delivery 
in whom the placenta was spontaneously, rather than 
manually, removed. Additional support for greater 
blood loss in the manual placental delivery group was 
found with a significantly greater decrease in hemo- 
globin concentration at 48 hours after operation (1.9 
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vs 1.4 gm/dl). The duration of surgery, duration cf 
operative stage III, and length of time the uterine ir- 
cision was open were not altered by the mode of plz- 
cental delivery. 

Measured blood loss at delivery, vaginal or cesarear., 
has been compared by hemodilutional spectrophoto- 
metric assays and radiochromium-labeled red blood cell 
assays.” 7° In this study blood loss was measured by 
volume and gravimetric assessment. A few alterations 
in cur technique deserve attenticn. Initially, the use 
of the IO Ban-drape laparotomy drape must be con- 
sidered. This recent innovation in the management o7 
excess body fluids at abdominal surgery allows as well 
for zhe more thorough collection of all fluids not ab- 
sorbed by laparotomy packs. Measurement of collectec 
fluid, dry and wet pack weight, and all irrigation fluids. 
should then give an accurate estimate of the true op- 
erative blood loss. The second problem encountered ir 
measuring blood loss at delivery is the confounding 
factor of an undetermined volume of amniotic fluid. 
Preaperative amniotic fluid index zssessment was used 
to correct for amniotic fluid volumes. Although am- 
niotic fluid index is a semiquantitative method of as- 
l sessing amniotic fluid volume, the absence of a signif- 
icant difference between the mean amniotic fluid index 
values of the study groups sugges:s that the volumes 
of amniotic fluid collected at cesarean delivery were 
similar in the two groups. This amniotic fluid volume 
may lead to an overestimation of measured blood loss. 

After vaginal delivery endogenous oxytocin is re- 
leased, myometrial cells shorten, and the placental im- 
plantation site involutes. This process also occludes ves- 
sel lumina, thus diminishing blood flow to the decidua 
basalis. Placental cleavage occurs when a relatively fixed 
placental surface area is implanted over an involuting 
site. A retroplacental hematoma forms and is confined 
by the remaining placental attachments; this results in 
a hydrostatic effect on acute blood loss at the implan- 
tation bed. Vasospasm and local involvement of the 
coagulation cascade also lead to hemostasis. This is clin- 
ically evident after vaginal birth by the palpation of a 
firm, involuted uterine fundus at about the level of the 
umbilicus. At cesarean birth the tendency of the uterus 
to undergo similar changes may be appreciated both 
visibly and by palpation, before actual delivery of the 
placenta. Manual shearing of the placenta from the 
decidua basalis before significant involution of the im- 
plantation bed theoretically would result in unaltered 
perfusion to this area and increased blood loss. 

A qualitative disadvantage to manual placental ex- 
traction was proposed by Queenan and Nakamoto," 
who noted an increased rate of rhesus factor isoim- 
munization after this method of placental delivery. In 
the current study an increased rate of postoperative 
uterine infection followed manual placental delivery 
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(23% vs 3%). The relatively high incidence of endo- 
metritis after manual extraction noted in this study is 
in concordance with recent published trends of the in- 
cidence of postcesarean endometritis ranging from 
20% to 38% and the range >f postoperative infectious 
morbidity existing in the literature.’ '* Military studies 
have typically demonstratec a lower incidence of this 
entity, consistent with the overall incidence of 13% 
noted in this study.’* " Tissue trauma, maternal auto- 
transfusion of bacterially contaminated blood before 
implantation site involution, surgical contamination, 
and excessive blood loss are possible explanations for 
this finding. This concomitant increased postoperative 
hospital stay in patients undergoing manual placental 
extraction was related to the increased incidence of 
endometritis and sudsequent duration of antibiotic 
therapy. Although not demonstrated in this study, 
spontaneous delivery of the placenta may be of benefit 
in cases of pathologic placental implantation (e.g., pla- 
centa accreta, lower uterine segment placental implan- 
tation) where maximal decrease in implantation bed 
surface area and spiral artery perfusion pressure would 
be desirable. 

In conclusion, spontaneous expulsion of the placenta 
at cesarean delivery was associated with decreases in 
surgical blood loss-as measured and assessed by change 
in hemoglobin concentrations. Incidence of postoper- 
ative endometritis and consequent prolonged hospital 
stay were also reduced in women in whom this surgical 
technique was used. 
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Depot leuprolide versus danazol in treatment of women with 


symptomatic endometriosis 


I. Efficacy results 


James M. Wheeler, MD, MPH, Judith D. Knittle, BS,* and James D. Miller, MD** 


Houston, Texas, and Rockford and Deerfield, Illinois 


OBJECTIVE: We aimed to assess the efficacy of depot leuprolide versus danazol in the treatment of 


endometriosis. 


STUDY DESIGN: A double-blind randomized trial of 270 patients from 22 centers compared the 
pretreatment and posttreatment laparoscopic extent of endometriosis. Pretreatment and posttreatment 
endometriosis symptoms and signs were assessed with standardized methods. 

RESULTS: When compared with danazol, leuprolide depot caused a more rapid and profound 
suppression of estradiol. Leuprolide depot and danazol were similarly efficacious in decreasing the extent 
of endometriosis, as well as the pain and tenderness associated with endometriosis. 

CONCLUSION: Depot leuprolide is an effective alternative to danazol in decreasing the extent of 
endometriosis and endometriosis-related pain. (AM J Opstet GynecoL 1992;167:1367-71.) 
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Endometriosis is one of the most common causes of 
pelvic pain and involuntary infertility in women.' Un- 
fortunately, treatment of this disease in women desiring 
future childbearing continues to be disappointing: Sur- 
gical treatment is associated with high recurrence rates 
(up to 40% after 5 years’), and medical treatment is 
associated with a high likelihood of side effects and 
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recurrence rates similar to those seen with surgery.’ 
Three drugs have received Food and Drug Adminis- 
tration (FDA) approval for treatment of women with 
endometriosis: danazol, depot leuprolide, and intra- 
nasal nafarelin. Intranasal administration of a gonad- 
otropin-releasing hormone (GnRH) agonist was proved 
efficacious in treating symptomatic endometriosis‘ by 
suppressing endogenous estradiol production, with re- 
sulting atrophy of uterine and ectopic endometrial tis- 
sue. Previously, GnRH agonist administration has re- 
quired multiple daily injections or intranasal inhala- 
tions twice daily; concerns with compliance have 
resulted from these frequent dosing requirements. A 
depot form of GnRH agonist, Lupron Depot 3.75 mg 
(leuprolide acetate for depot suspension), provides con- 
tinuous release of drug over a 4-week period when 
administered as a monthly intramuscular injection. For 
women with endometriosis, the depot formulation 
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promised improved patient acceptability and compli-. 
ance, as well as potentially faster, more profound 
suppression of ovarian estradiol production. The pur- 


posé of this trial was to compare the safety and efficacy’ . 


of depot leuprolide and danazol in the treatment of' 
women with endometriosis. This report details the ef-, 
ficacy results of the study; the safety data from the trial 
are reported in a separate article. 


Methods 


Study design and medication. This study was a ran- s 
domized, double-blind, multicenter clinical trial of leu- 
prolide depot versus danazol in women with endo- 
metriosis. Patients received monthly injection (depot ` 


leuprolide or placebo) and daily capsules (danazol or 
placebo). Compliance of both active and placebo med- 


ications was assessed by capsule counts and interviews. ° 


Pretreatment evaluation included medical and en- 
dometriosis history, physical examination, laparoscopy 
with staging according to the Revised American Fer- 
tility Society classification,® and clinical evaluation of 
signs and symptoms of endometriosis. Analgesic usage 
was also recorded. Signs and symptoms were graded 
as absent, mild, moderate, or severe according to the 
method of Biberoglu and Behrman.° Analgesic usage 
was. recorded on a scale as described by Glick.’ Labo- 
ratory tests included routine complete blood cell count, 
blood chemistry studies, pregnancy test, and serum es- 
tradiol and progesterone levels. 

After randomization, patients began therapy at the 
beginning of the menstrual cycle end continued for 24 
weeks. At each monthly visit, evaluation included clin- 


> æ 


ical evaluation of symptoms, analgesic use, coital fre- | 


quency, menstrual flow, and concomitant medications 
taken. At weeks 12 and 24, pelvic examination and 
serum estradiol and progesterone assays were repeated. 
At week 24, repeat laparoscopy was performed to assess 
the extent of endometriosis. The same surgeon per- 
formed the pretreatment and posttreatment laparos- 
copies, : 

Patient selection. Laparoscopic diagnosis of endo- 
metriosis was required within a 4-month period before 
study entry; no surgical treatment was permitted at 
time of laparoscopy. All patients were premenopausal, 
nonpregnant, nonlactating, at least 18 years old, and 
had never previously taken a GnRH analog. Any other 
endometriosis treatment must have been completed >3 
morths before study entry and diagnostic laparoscopy 
performed after discontinuation cf previous therapy. 
Similarly, any women previously on a regimen of oral 
contraceptives must have resumed normal spontaneous 
menses for at least two cycles before study entry. Barrier 
contraception was used throughout the study and for 
6 weeks after the last depot injection. 

Statistical analysis. Sample size was calculated on the 
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basis of the anticipated change in the revised American 
Fertility Society classification score, the primary effi- 
cacy parameter. With a = 0.05, each study group was 
to contain 125 evaluable subjects for a total sample size 
of at least 250, which provides 80% power to detect a 
difference of four points on the revised American Fer- 
tility Society scale between treatment groups. 

Secondary efficacy measurements included evalua- 
tion of pelvic pain, dysmenorrhea, dyspareunia, anal- 
gesic use, and pelvic tenderness. Other secondary end 
points included results of estradiol and progesterone 
assays obtained before and during treatment. These 
data were analyzed as percent changes from baseline 
to each monthly and/or final visit. 

Patients not fulfilling the evaluation criteria were ex- 
cluded from efficacy analysis. 

All data were depicted descriptively before inferen- 
tial statistics were applied. Statistical analysis was co- 
ordinated by a central bicstatistician. Categoric data 
were compared with x’ tests, whereas continuous data 
were compared by ¢ tests for independent samples. All 
tests were two-tailed, with p< 0.05 considered sig- 
nificant. 


Results 


A total of 270 patients were enrolled by 22 United 
States investigators between October 1986 and Decem- 
ber 1988. Of the 270 women enrolled, 253 were 
evaluable for efficacy analysis; 128 were randomized to 
depot leuprolide and 125 to danazol therapy, thus sat- 
isfying the calculated sample sizes. The 17 nonevalu- 
able patients were excludec for these reasons: failure 
to meet inclusion criteria (2 leuprolide, | danazol), non- 
compliance with dosing regimen (3 leuprolide, 10 dan- 
azol), and one inadvertent dosing with another patient’s 
designated leuprolide. Laparoscopy data were ex- 
cluded if the prestudy or poststudy laparoscopy was 
performed >4 months before study or more than 1 
month after study, respectively (7 depot leuprolide, 6 
danazol). Also, partial data exclusions because of pro- 
tocol violations occurred in 26 leuprolide patients and 
23 danazol patients. 

For the 253 evaluable patients, ages ranged from 18 
to 44 years. Mean ages of tne leuprolide and danazol 
groups were 31.0 and 29.8, respectively. 

There was no difference between the depot leu- 
prolide and danazol groups in terms of mean height 
(64.9 vs 64.7 inches) or weight (134.8 vs 134.7 pounds) 
at baseline. 

Whether stratified per investigator or combined, 
there was no difference in the proportion of women in 
the leuprolide depot versus danazol groups who had 
experienced pregnancy before study enrollment 
(58/128 [45%] vs 45/125 [36%], p = 0.159). 

For 57% (145/253) of the patients in this study en- 
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dometriosis was first diagnosed at the prestudy lapa- 
roscopy. Although the depot leuprolide group had 
more patients with documented endometriosis for =3 
years (28/128 [22%] vs 23/125 [18%]), there was no 
significant difference in known duration of disease 
whether the analysis was stratified by temporal incre- 
ments (x’ for linear trends p = 0.99) or by mean num- 
ber of years since diagnosis (1.8 vs 1.4, p = 0.295). 

The depot leuprolide group had a slightly greater 
proportion of women previously treated for endome- 
triosis as compared with the danazol group (47/128 
[37%] vs 40/125 [32%)). 

Laparoscopic findings. The primary assessment of 
efficacy in this study was change in revised American 
Fertility Society classification score; included in these 
results are 121 leuprolide and 119 danazol patients 
from whom all efficacy data were complete. Both depot 
leuprolide and danazol had significant decreases in the 
total revised American Fertility Society and endome: 
triosis-only scores after 6 months of treatment 
(p < 0.001), although there was no difference between 
the two treatments (p = 0.94). The total revised Amer- 
ican Fertility Society score decreased from a mean, of 
24.3 to 13.9 for the leuprolide group and from 22.2 to 
13.9 in the danazol patients. The mean endometriosis- 
only score for the leuprolide patients decreased from 
13.1 to 5.4 while the mean decrease in the danazol 
patients was from 14.2 to 5.5. These highly significant 
improvements in revised American, Fertility Society 
scores persist if the analysis is varied to include all pa- 
tients with any evaluable efficacy data (n = 129 for leu- 
prolide, n = 124 for danazol), patients within each in- 
dividual investigator’s study, and patients stratified by 
the four main categories of the revised American Fer- 
tility Society classification. Therefore, by several dif- 
ferent methods of analyzing the pretreatment versus 
posttreatment changes in the revised American Fertility 
Society scores, depot leuprolide and danazol improved 
endometriosis scores to a highly significant, yet similar 
degree. 

Changes in symptoms and signs. At baseline assess- 
ment, the depot leuprolide and danazol groups had no 
significant differences in scores of dysmenorrhea 
(p = 0.739), pelvic pain (p = 0.810), or dyspareunia 
(p = 0.968). The danazol group had less pelvic ten- 
derness at baseline than did the depot leuprolide group 
(mean score of 1.8 vs 2.0, p = 0.039). This baseline 
difference probably has no clinical significance. For cal- 
culation subsequent improvement scores, all patients 
with evaluable data were used per month. 

At baseline, 88% (221) of the 251 evaluable patients 
reported some degree of dysmenorrhea, with equal 
mean severity of 2.5 in each group. More leuprolide 
than danazol patients reported improvement in month 
2 (p< 0.001), month 3 (p = 0.001) and month 4 
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(p = 0.009); however, there was no difference between 
the two groups after 6 months of treatment with 99% 
of the leuprolide and 96% of the danazol patients re- 
porting complete resolution. : 

Of evaluable patients, 72% of the leuprolide patients 
and 69% of the danazol patients reported pelvic pain 
at baseline. At baseline and at each visit, including the 
final visit, there were no significant differences between 
the two groups in the percent reporting improvement 
of pelvic pain; at the final visit 55% of the leuprolide 
and 60% of the danazol patients who had experienced 
pelvic pain at baseline reported complete resolution of 
that symptom (p = 0.185). 

At baseline, 51% of the leuprolide and 53% of the 
danazol group reported some degree of dyspar eunia. 
When most monthly visits.and the final visit were com- 
pared with baseline, the danazol group had more im- 
provement in dyspareunia | mean score (p = 0.003). 
The study design was flawed, however, in that there 
was no differentiation between dyspareunia caused by 
deep penetration versus dyspareunia as a secondary 
effect of vaginal dryness. 

A total of 246 patients (124 leuprolide and 122 dan- 
azol) had complete data obtained on pelvic tenderness. 
Although more patients in the depot leuprolide group 
(73%) than in the danazol group (57%) had pelvic ten- 
derness at baseline, with mean severity levels of 2.0 and 
1.8, respectively (p = 0.039), there was no significant 
clinical or statistical difference between groups at the 
last visit (leuprolide 27%, danazol 24%). 

There was complete analgesic usage information for 
253 patients throughout the trial. The prevalence of 
analgesic usage was the same at baseline between the 
two groups (101/128 [79%] for leuprolide, 96/125 
[77%] for danazol). There were no differences between 
groups in terms of the analgesic agents used and no 
statistically significant changes in usage over the 6- 
month study period, either within or between groups. 

Of the 253 evaluable patients, 101 leuprolide and 92 
danazol patients were followed up for return of symp- 
toms after compieting treatment for a median duration 
of 349 days (range 39 to 503). Two thirds of leuprolide 
patients and 75% of danazol patients had return of 
some dysmenorrhea within | year of treatment (mean 
8.4 and 6.9 months). Pelvic pain returned to some de- 
gree in 61% of leuprolide and 32% of danazol patients 
within 1 year of treatment (mean 10.9 and 11.6 
months). A degree of pelvic tenderness on physical ex- 
amination returned within 1 year in 33% of leuprolide 
and 8% of danazol patients (mean 10.9 and 11.6 
months). Return of pain symptoms is not statistically 
different between groups. 

Menstrual records were evaluable in 252 subjects in- 
cluded in the efficacy analysis. There were no between- 
group differences in menstrual flow at baseline. Menses 
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were considered suppressed if the patient reported no 
menstrual-like bleeding for >60 days. With this defi- 
nition 99% of the ‘depot leuprolide and 96% of the 
danazol patients had menses suppressed. The depot 
leuprolide patients had more rapid suppression of 
menses when compared with the danazol group; tke 
median of the last day of bleeding after the drug was 
started was 30 days in the leuprolide group and 113 
davs in the danazol group. Furthermore, no leuprolide 
patient had more than one episode of menstrual-like 
bleeding while receiving drug, whereas 14 danazol pa- 
tients experienced two or more menstrual-like bleeding 
episodes during the 6-month treatment period. Thus 
depot leuprolide caused faster, more profound 
suppression of menstrual flow. 

Endocrine evaluation. One hundred four depot leu- 
prolide patients and 99 danazol patients had evaluable 
hormonal data. Baseline estradicl and progesterone 
levels were obtained during the luteal phase before the 
drug was begun, before study (follicular phase), and at 
months 3 and 6 of treatment. Mean baseline estradiol 
levels were virtually identical between the leuprolide 
and danazol groups (138 vs 140 p2/ml). Progesterone 
levels were similar as well (691 vs 724 ng/dl). After 
treatment was initiated, both groups had significant de- 
creases in estradiol and progesterone. Estradiol levels 
at months 3 and 6 and at the final visit were significantly 
lower for the depot leuprolide patients than for the 


danazol patients; at month 6 the mean estradiol leve. 


in the leuprolide group was 12 pg/ml compared witk 
47 pg/ml in the danazol group (p < 0.001). One leu- 
prolide and three danazol patients had estradiol! levels 
>100 pg/ml at study end. 

Serum progesterone levels fell in both groups, but 
more profoundly in the leuprolide group. Progester- 
one levels were significantly lowe? in the depot leu- 
prokde group at 6 months and at the final visit; at 6 
months the mean progesterone lev2i was 38.1 ng/dl tn 
the leuprolide group versus 52.3 ng/dl in the danazol 
group (p < 0.016). Progesterone levels at 3 and 6 
months were below luteal phase range in all patients 
but one from each study group. 


Comment 


Dznazol has been in common use for women with 
endcametriosis since 1973, but its use is often associated 
with troublesome side effects and high rates of recur- 
rent symptoms.* GnRH agonists were first used in clin- 
ical trials for treatment of endometriosis in 1981. The 
vast majority of these GnRH agonist studies were un- 
controlled cohort studies; there have been only two 
large multicenter randomized clinical trials comparing 
a GnRH agonist to danazol. Although the findings 
of these two previous trials are similar to the results 
contained within this report, there are several impor- 
tant aspects of our study that merit mention. 
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This is the first large multicenter, double-blind, ran- 
domized clinical trial that used a depot form of GnRH 
agonist. The nafarelin trial used a twice-daily intra- 
nasal administration, and the buserelin trial? used a 
single subcutaneous injection or thrice-daily intranasal 
administration. The advantages of a depot formulation 
are obvious in terms of compliance and ease of admin- 
istration. Depot forms of GnRH agonist may prove to 
induce a more rapid suppression of ovarian steroido- 
genesis than daily injections.’ Daily nasal administration 
of GnRH agonist suppresses ovarian function less 
quickly than depot forms but seemingly more quickly 
than danazol.” *3 A more rapid induction of ovarian 
suppression may induce a faster regression of endo- 
metriosis implants. Depot farms of GnRH agonist may 
allow shorter courses of medical treatment in the fu- 
ture, thereby decreasing long-term side effects and 
costs to patients. Clinical trials now under way will com- 
pare a 3-month course of GnRH agonist with 6 months 
of GnRH agonist therapy. l 

This trial may be argued to have improved statistical 
power over previous studies comparing GnRH agonist 
with danazol. The nafarelin trial initially used two dif- 
ferent dosages of intranasal drug (400 and 800 pg). 
The 400 wg dose was zhen campared with two different 
dosages of danazol (600 or 800 mg daily"). Similarly, 
the buserelin trial offered patients several dosages of 
the GnRH agonist ‘and danazol. within the same trial." 
Although both the rafarelin and buserelin trials in- 
cluded a large number of patients, the stratification in 
analysis made necessary by the many dosage schedules 
dilutes the statistical likelihood of demonstrating dif- 
ferences between the drugs if they really exist. 

Furthermore, the current study, with its once- 
monthly administration of GnRH agonist, functionally 
removes the importance of compliance issues with daily ° 
dosage. In addition, the debot formulation increases 
confidence in proper drug administration in this trial, 
as there is no commonly available serum assay otherwise 
to assure delivery of GnRH agonist.'® 

Randomization does not guarantee fair assignment 
of patients to study grops. Careful analysis of these 
patients suggests that the leuprolide group was not by 
chance placed at any advantage over the danazol group 
but rather was at a slight disadvantage in terms of en- 
dometriosis regression. Depot leuprolide patients had 
a tendency to more severe score of endometriosis, more 
had been treated previously, more had been treated 
with combination medical and surgical therapy, which 
is typically used in more severe cases, and more had 
the diagnosis of endometriosis for 23 years. Although 
each of these factors was not significantly different be- 
tween groups at baseline, they could cumulatively slant 
the randomized trial to favor danazol. The conclusion 
that the two drugs are similar in efficacy as measured 
by the reduction in the revised American Fertility So- 
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ciety score is particularly firm because of the trial’s sam- 
ple size and statistical power, as discussed, combined 
with the lack of demonstrable subtle biases that could 
have swayed the trial toward leuprolide. 

A final methodologic advantage of this study is that 
the best currently available instrument was used for 
each outcome of interest. Agreement was found in this 
study between outcome assessed by total revised Amer- 
ican Fertility Society score and that portion of the score 
contributed by active endometriosis implants without 
concomitant adhesions. Whereas other studies have 
used arbitrary three-point scales to describe data on 
symptoms, this study used two mutually supporting in- 
struments that have been studied in other clinical sit- 
uations.* 7 

Depot leuprolide was proved as effective as danazol 
in reducing the extent of endometriosis measured by 
the revised American Fertility Society classification. 
Ovarian suppression by depot leuprolide was more 
prompt, more complete as judged by estradiol levels, 
and associated with a slightly greater proportion of 
rapid onset of amenorrhea without irregular bleeding. 
Thus it seems that depot leuprolide is at least as effi- 
cacious as danazol in treating endometriosis. For many 
patients symptom improvement was maintained well 
after treatment. Future studies will determine if faster, 
more profound ovarian suppresion will allow the 
length of therapy to be shortened without sacrificing 
efficacy. 
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Glycated hemoglobin of fractionated erythrocytes, glycated 
albumin, and plasma fructosamine during pregnancy 


Masahiro Kurishita, MD, Koji Nakashima, MD, and Hiromu Kozu, MD 
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OBJECTIVE: To evaluate glucose metabolism during pregnancy, we measured plasma fructosamine, 

glycated albumin, and the stable glycated hemoglobin of the light and dense erythrocytes. 

STUDY DESIGN: The abnormal glucose tolerance group comprised patients with gestational diabetes and 
. those with one abnormal value on a 75 gm oral glucose. tolerance test. Erythrocyte fractionation was 


perrormed by capillary centrifugation. 


RESULTS: In normal pregnancy glycated hemoglobin of the light erythrocytes was reduced in the second 
“anc third trimesters. (3.42% + 0.62% [mean + SD] [n = 306] in the first trimester, 2.15% + 0.48% 

[n = 353] in the second, and 2.06% + 0.58% [n = 300] in tne third), and derise erythrocytes were higher 

in the third trimester (first 4. 59% + 0.46%, second 4.70% + 0.49%, third 5.29% + 0. 73%). Glycated 
“albumin and fructosamine followed a pattern similar to the light erythrocytes. The group with abnormal 

glucose tolerance had significantly higher levels of glycated hemoglobin of the light erythrocytes in the first 
' and third trimesters and a Gyeaied i aih of the dense erythrocytes and glycated albumin | in all 


trimesters. 


CONCLUSION: The biphasic denge in nonfractionated glycated hemoglobin is the sum of the lower 
‘glycated hemoglobin of the light érythrocytes and the higher glycated hemoglobin of the dense 

erythrocytes in late pregnancy. The stable glycated hemogicbin of fractionated erythrocytes and the 
glycated albumin accurately. reflect maternal glucose en during pregnancy. (Am J CBSTET GYNECOL — 


- 1962;167:1372-8.) 


Key w words: Glycated hemoglobir, fructosamine, glycated albumin, pregnancy, gestanonal 


diabetes ` i 


Gestational. diabetes mellitus, defined as glucose in- 
tolerance of variable severity first recognized durirg 
pregnancy,’ is estimated to -occur in approximately 1% 
to 5%. of pregnancies.? Because the metabolic abnog- 
mality in gestational diabetes mellitus is relatively mi-d 
and most patients are asymptomatic, screening is rẹ- 
quired to identify the disorder. 

The Second International Workshop Gonterence cn 
Gestational Diabetes Mellitus recommended the glu- 
~ cose challenge test, a 50 gm oral glucose load, for 
screening.® Glycated proteins such as glycated hemo- 
globin, fructosamine, and glycated albumin have been 
used äs parameters of the long-term glycemic status :n 
diabetes mellitus.*® Several authors have attempted -0 
usé glycated hemoglobin and fructosamine for screen- 
ing and someone gestational diabetes mellitus.’ ms Lim- 
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ited data are available on the changes in concentrations 
of glycated albumin during pregnancy. 

Recently there have been two practical improvements 
to the method of assaying glycated hemoglobin. First, 
it has become possible to easily eliminate labile glycated 
hemoglobin, which i is directly influericed by the glucose 
level of the sample, to measure stable glycated hemo- 
globin.? Second, it has been possible to easily measure 
the glycated hemogiobin of fractionated erythrocytes, 
which are separated by cen:rifugation.’® The stable gly- 
cated hemoglobin of the different cell populations, 
young or old, is expected to give us additional infor- 
mation for evaluating glucose metabolism in preg- 
nancy.. 

In this study we examined the E glycated 
albumin, and stable glycated hemoglobin. of the frac- 
tionated erythrocytes in pregnant patients with normal 
and abnormal gluccse tolerance. 


Material and methods 


From May 1, 1990, to July 31, 1991, all pregnant 
patients who received prenatal care in St. Luke’s In- 
ternational Hospital, Tokyo, were evaluated. Oral iron 
was given to those with hemoglobin concentrations <10 
gm/100 ml, but those with hemoglobin levels <8.0 
gm/100 ml were excluded from this study. During the 
same period 72 nonpregr.ant healthy women, whose 
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ages ranged from 22 to 43 years, were studied as a 
control group. 

Gestational diabetes was defined according to the cri- 
teria of the Japan Society of Obstetrics and Gynecology 
in 1984.'' The diagnosis of gestational diabetes mellitus 
was made if, on a 75 gm oral glucose tolerance test 
(GTT), two glucose values were =100 mg/100 ml for 
the fasting level, 180 mg/100 ml at 1 hour, and 150 
mg/100 ml at 2 hours. 

A glucose challenge test was performed to measure 
serum glucose | hour after a 50 gm oral glucose load 
without regard to the time of day or the time of the 
last meal. A l-hour glucose level =140 mg/100 ml was 
considered abnormal. 

We defined normal pregnancy according to the fol- 
lowing criteria: a normal 75 gm oral GTT with no ob- 
stetric complications or a normal glucose challenge test 
with no maternal complications and spontaneous vag- 
inal delivery of an infant with no complications who 
was appropriate size for dates. 

We defined risk factors for gestational diabetes mel- 
litus as glycosuria, a family history of diabetes mellitus, 
a previous history of gestational diabetes mellitus, obe- 
sity (=30% of ideal body weight), previous infant with 
birth weight =3800 gm, and previous unexplained in- 
trauterine fetal death. 

According to the recommendations of the second In- 
ternational Workshop Conference on Gestational Dia- 
betes Mellitus,’ for those pregnant patients with risk 
factors a 75 gm oral GTT was performed before 24 
weeks of gestation. Pregnant patients with no risk fac- 
tors were screened by a glucose challenge test at 24 to 
28 weeks’ gestation. In those with an abnormal glucose 
challenge test standard 75 gm oral GTTs were per- 
formed. Cases with gestational diabetes mellitus and 
with one abnormal value on an oral GIT" were fol- 
lowed up at the diabetes mellitus clinic, a special out- 
patient department for patients with gestational dia- 
betes mellitus, and managed on diet therapy with or 
without insulin therapy. These patients were defined as 
the abnormal glucose tolerance group. Three to 5 days 
after partum 75 gm oral GTT tests were performed in 
the abnormal glucose tolerance group and in patients 
whose babies were large for dates or >3800 gm. 

At the time when routine blood tests were performed 
in each trimester, at the time of glucose challenge test 
and 75 gm oral GTT, and at visits to the diabetes mel- 
, litus clinic for follow-up blood checks, an additional 
sample was taken for measurement of fructosamine, 
glycated albumin, and the stable glycated hemoglobin 
of the fractionated erythrocytes. 

Blood was collected from the antecubital vein into a 
heparin-containing Vacutainer (Becton Dickinson, 
Rutherford, N.J.) blood collecting tube. Within 3 hours 


the blood specimens were processed for erythrocyte 


fractionation, measurement of glycated hemoglobin, 


Glycated hemoglobin and albumin during pregnancy 1373 


and separation of plasma. The plasma was stored at 
— 80° C until fructosamine and glycated albumin were 
measured. 

We measured stable glycated hemoglobin with 4.0 
mmol/L tetrapolyphosphate in a hemolyzing solution 
with an automatic high-performance liquid chromato- 
graphic analyzer (Hi-Auto A, type 121, Kyoto Daiichi 
Kagaku, Kyoto, Japan), as reported previously.? 

Erythrocyte fractionation was performed as reported 
previously.’ In each sample stable glycated hemoglobin 
was examined in two fractions: the light erythrocytes 
(enriched with young cells, identical to fraction 1 of 10 
fractionations) and the dense fraction (enriched with 
old cells, identical to fraction 9 of 10 fractionations). 
The stable glycated hemoglobin of each of the 10 frac- 
tions was also measured in randomly selected cases. The 
measurement of fructosamine was automated with a 
Cobas Mira centrifugal analyzer and a commercial kit 
from Nippon-Reche (Chiyoda-ku, Tokyo). Analyzer 
settings were as recommended by the kit manu- 
facturers. 

Glycated albumin was measured by Shima’s method 
with an automatic high-performance liquid chromato- 
graphic analyzer equipped with an anion exchange col- 
umn and a boronate affinity column.” 

This is a combination of the longitudinal and cross- 
sectional study. Each individual was sampled once or 
more through pregnancy, but only one set of data in 
each trimester was used for statistical analysis. 

Data were statistically analyzed with HALBAU (high- 
quality analysis libraries for business and academic 
users) software (Gendaisugakushya, Kyoto). Differ- 
ences among the means were determined by one-way 
analysis of variance. Multiple comparisons were per- 
formed by Bonferroni’s method, and the differences 
were considered statistically significant if the p value 
was <0.005. Differences between the normal and the 
abnormal glucose tolerance groups were examined by 
Wilcoxon’s U test and were considered significant if the 
p value was <0,05. 


Results 


Intraassay coefficients of variation for glycated he- 
moglobin of the light and dense erythrocytes of a nor- 
mal pregnant woman (second trimester) were 1.6% 
(1.96% + 0.03%, mean + SD) and 1.0% (5.76% + 
0.05%) (n = 8), respectively. Intraassay coefficients of 
variation for glycated albumin were 1.2% (15.60% + 
0.18%) and 0.9% (24.76% + 0.23%) (n = 20) and 
those for fructosamine were 1.3% (246.5 + 3.1 
pmol/L) and 1.2% (398.5 + 4.6 wmol/L) (n = 10). In- 
terassay coefficients of variation for glycated hemoglo- 
bin of the mixed blood, stored at — 80° C, were 1.7% 
(5.10% + 0.08%) and 2.0% (8.5% + 0.17%) (n = 20). 
Interassay coefficients of variation of glycated albumin 
were 1.9% (15.47% + 0.29%) and 1.5% (25.23% + 
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0.39%) (n = 10) and those of fructosamine were 0.8% 
(298 + 2.5 pmol/L) and 1.5% (461.6 + 7.1 pmol/L) 
(n = 5). 

The means and standard deviations for glycated he- 
moglobin are shown in Fig. 1. In normal pregnant pa- 
tients the glycated hemoglobin of the light erythro- 
cytes in the first trimester was noz different from that 
. in the nonpregnant controls, but in the second and 
third trimesters it was reduced. In the postpartum pe- 
riod, the glycated hemoglobin of the light erythrocytes 
was significantly higher than in the third trimester. 

The glycated hemoglobin of the dense erythrocytes 
was significantly lower in the first and second trimesters 
but increased in the third trimester. In the postpartum 
period the glycated hemoglobin cf the dense erythro- 
cytes was higher than, but not statistically different 
from, that in the third trimester. 

The means and standard deviations for fructosamine 
and glycated albumin are shown in Fig. 2. Fructosamine 
decreased progressively throughout pregnancy. In 
the first trimester glycated albumin was not changed 
from that in the nonpregnant controls, but it 
was reduced in. the second and third trimesters, 
showing a pattern similar to that of the glycated he- 
moglobin of the light erythrocytes. The postpartum 
value of glycated albumin was the same as that of the 
nonpregnant controls. 

In Fig. 3 the means and standard deviations for the 
stable glycated hemoglobin of the 10 erythrocyte frac- 
tions in normal pregnancy were plotted tn each trimes- 
ter. The younger cell fraction (fraction 1) had a sig- 
nificantly higher level of glycated hemoglobin in the 
first trimester compared with those in the second and 
third trimesters (p < 0.00001). The glycated hemoglo- 
bin of the middle-aged to old cell fractions (fractions 6 
to 10) was significantly increased in the third trimester 
compared with the first.and second trimesters 
(p < 0.00001). 

To rule out the possibility that the changes of glycated 
hemoglobin in normal pregnancy might be caused by 
other adducts than glucose, we measured glycated he- 
moglobin of light and dense fractions by boronate af- 
finity chromatography and by the present method in 
10 nonpregnant women and 10 pregnant women (third 
trimester). The same differences were observed in af- 
finity chromatography (data not shown), suggesting 
that the changes in normal pregnancy are caused by 
glycation. 

As shown in Table I, the abnormal glucose tolerance 
group had significantly higher levels of glycated he- 
moglobin of the light and dense erythrocytes, fructo- 
sarcine, and glycated albumin in the first trimester, gly- 
cated hemoglobin of the dense erythrocytes and gly- 
cated albumin in the second trimester, and glycated 
hemoglobin of the light and derse erythrocytes and 
glycated albumin in the third trimester. 
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Comment 


Phelps et al.’ first observed that in normal pregnancy 
glycated hemoglobin displays biphasic excursions with 
nadir levels at 24 weeks’ gestation, followed by a sub- 
sequent slow reascension to peak levels near term. They 


-concluded that this change reflects the biphasic alter- 


ations in the mean blood sugar occurring 4 weeks ear- 
lier. Worth et al.' advised taat the changes in glycated 
hemoglobin must be due to changes in both carbohy- 
drate metabolism and erythrocyte dynamics, and thus 
interpretation of this biphasic change should be cau- 
tious, because the changes in mean diurnal plasma glu- 
cose with the progression cf pregnancy are small and 
the data concerning erythrocyte dynamics are confus- 
ing. Our results revealed that in normal pregnancy the 
stable glycated hemoglobin of the young erythrocyte 
fraction (glycated hemoglobin of the light erythrocytes) 
was lowered in the second and third trimesters, whereas 
the stable glycated hemoglobin of the old erythrocyte 
fraction (glycated hemoglobin of the dense erythro- 
cytes) was lowered in the first and second trimesters 
but elevated in the third trimester (Fig. 1). Only the 
stable glycated hemoglobin of the light-middle fraction 
(fractions 3 through 5 in Fig. 3) showed a biphasic 
pattern. If the glycated hemoglobin concentrations de- 
pend only on the ambient glycemic state, the glycated 
hemoglobin values of every erythrocyte fraction should 
have a biphasic pattern. Therefore our study does not 


` support the concept that the biphasic change of gly- 


cated hemoglobin of nonfractionated erythrocytes re- 
flects the glycemic conditions of the preceding 4 weeks. 
It is considered that the biphasic change of glycated 
hemoglobin is the result of the summation of lower 
young-cell glycated hemoglobin in the second and third 
trimesters and higher old-cell glycated hemoglobin in 
the third trimester. 

Pritchard and Adams” claimed that during the latter 
half of pregnancy red blood cell production increases, 
whereas red blood cell life span is unaltered. However, 
Lurie’ reported that a younger cell population was 
found in the circulation in lete pregnancy, which might 
be indicative of a shortened erythrocyte life span. This 
reduced erythrocyte life span in late pregnancy may 
contribute to increased erytaropoiesis, which increases 
the younger cell population in late pregnancy. From 
this point of view, the reduction of glycated hemoglobin 
of the light erythrocytes in the last two trimesters is 
mainly influenced bv these red blood cell dynamics. 
However, the older cell population relatively declines 
in late pregnancy and thus concentrations of glycated 
hemoglobin of the dense erythrocytes should be lower. 
This is contrary to cur findings. It is concluded that 
the glycation of hemoglobin increases progressively 
during late pregnancy. 

During the latter half of pregnancy carbohydrate me- 
tabolism must be influenced by many factors, such as 
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Fig. 1. Stable glycated hemoglobin (HbA) of light erythrocytes (L-HbA,) and stable dense erythrocytes 
(D-HbA,) in nonpregnant (NP) (n = 72) and normal pregnant women. Columns show mean values, 
and bars represent +SD from mean. p Value above column was calculated with ¢ test and was 
significant if it was <0.005 according to Bonferroni’s method. Zst, Value in first trimester (2 = 306); 
2nd, value in second trimester (n = 353); 3rd, value in third trimester (n = 300); PP, value in 


postpartum period (n = 29); NS, not significant. 
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Fig. 2. Fructosamine and glycated albumin in nonpregnant (NP) (n = 70) women and normal 
pregnant women. Columns show mean values, and bars represent +SD from mean. p Value above 
column was calculated with ¢ test and was significant if it was <0.005 according to Bonferroni’s 
method. Jst, Value in first trimester (n = 198, fructosamine; n = 201, glycated albumin); 2nd, value 
in second trimester (n = 259, fructosamine; n = 248, glycated albumin); 3rd, value in third trimester 


(n = 247, fructosamine; n = 241, glycated albumin); PP, value in postpartum period (n = 


26, fruc- 


tdsamine; n = 24, glycated albumin); NS, not significant. « 


nutritional requirements, limited activity, and hor- 
monal changes (the rising level of human placental lac- 
togen from the placenta, prolactin [decidual and pos- 
sibly of pituitary origin], cortisol, glucagon, estrogen, 
and progesterone).'? These changes contribute to de- 
creased glucose tolerance, increased insulin resistance, 
a decreased store of hepatic glycogen, and an increase 


in production of hepatic glucose. These combined ef- 
fects have been described as occurring in accelerated 
starvation during fasting and facilitated anabolism dur- 
ing feeding, which results in higher postprandial glu- 
cose levels, although fasting blood glucose is lowered.” 
It may be considered that the significantly higher level 
of glycated hemoglobin of the dense erythrocytes in the 
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Fig. 3. Stable glycated hemoglobin (HbA,) of fractionated erythrocytes (fractions | to 10) in non- 
pregnant women and in each trimester in normal pregnant women. Bars represent +SD from mean. 
Dots, Mean values; E, value in nonpregnant women (n = 39); O, value in first trimester (n = 22); a, 


value in second trimester (n = 42); @, value in third trimester (n = 62). 


third trimester 1s caused by these pregnancy-associated 
physiologic changes. 

In the postpartum period the mean value of glycated 
hemoglobin of the light erythrocytes tended to recover 
to the value of nonpregnant women, suggesting a sud- 
den reduction of erythropoiesis”) and a slow recovery 
of carbohydrate metabolism after delivery (Fig. 1). On 
the contrary, the mean value of glycated hemoglobin 
of the dense. erythrocytes showed a slight but statisti- 
cally insignificant increase. The survival of old cells with 
higher glycated hemoglobin and the sudden reduction 
of erythropoiesis mizht relatively increase older cells in 
the dense fraction and result in an overshoot of glycated 
hemoglobin of the dense erythrocyte levels in the post- 
. partum period (Fig. 1). 

Viewed overall throughout pregr.ancy, glycated he- 
moglobin of the light erythrocytes reflects short-term 
glycemic status and glycated hemoglobin of the dense 
erythrocytes reflects long-term glycemic status influ- 
enced by pregnancy-associated physiologic changes. 

In cases with abnormal glucose tolerance (Table 1), 
there were statistically highly significant differences in 
the glycated hemoglobin of the light erythrocytes in the 
first and third trimesters and in the glycated hemoglo- 
bin of the dense erythrocytes in the second and third 
trimesters, compared with normal pregnancies. This 


suggests that glycated hemoglobin of the light eryth- 
rocytes is a prompt reflector of glycemic status in the 
first trimester and that glycated hemoglobin of the 
dense erythrocytes is a good indicator of glycemic status 
in late pregnancy. 

Fructosamine is a parameter of the glycation of 
plasma proteins. Its estimation involves measurement 
of the reducing activity of the serum or plasma, and it 
is reported to reflect blood glucose levels during the 
previous 2 to 3 weeks.* However, the assay is of limited 
specificity for the exact measurement of glycated 
protein” and is influenced by many things,” such as the 
serum protein concentration, which is changed by di- 
lution during pregnancy. Roberts and Baker? observed 
that fructosamine begins to fall in the second trimester 
and remains reduced until the end of pregnancy." Our 
data confirmed this paztern. As seen in Table I, we ob- 
tained a statistically significant difference only in the 
first trimester. From our studies we would not recom- 
mend this test in obstetric patients, although it may be 
useful for the severely diabetic pregnant patient. 

We measured glycated albumin automatically by the 
high-performance liquid chromatographic method 
with double columns.” The method is rapid and precise 
and requires only a small sample (5 pl). Because al- 
bumin has a shorter circulating half-life than hemo- 
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Table I. Results in normal cases and cases with abnormal glucose tolerance 






Abnormal glucose 






Normal 











tolerance 
Glycated hemoglobin of the light 
erythrocytes (%) 
First trimester 3.42 + 0.62 306 4.12 + 0.61 i] p = 0.00125 
Second trimester 2.15 + 0.48 353 2.34 + 0.69 26 p = 0.32158% 
Third trimester 2.06 + 0.58 300 2.48 + 0.69 26 p = 0.00117 
Glycated hemoglobin of the 
dense erythrocytes (%) 
First trimester 4.59 + 0.46 306 4.92 + 0.42 1] p = 0.01506 
Second trimester 4.70 + 0.49 353 5.20 + 0.44 26 p < 0.00001 
Third trimester 5.29 + 0.73 300 5.96 + 0.95 26 p = 0.00034 
Fructosamine (pmol/ L} 
First trimester 244 + 24 198 262 + 20 8 p = 0.04143 
Second trimester 216 + 2I 259 221E 19 26 p = 0.31500* 
Third trimester 213 + 21 247 . 221 22 26 p = 0.33610* 
Glycated albumin (%) 
First trimester 15.2 + 1.01 201 17.2 + 1.58 7 p = 0.0009] 
Second trimester 14.9 + 0.81 248 16.0 + 1.49 22 p = 0.00006 
Third trimester 14.7 + 0.82 24] 16.0 + 1.64 24 p = 0.00001 


Significance determined by Wilcoxon U test. 
*Not significant. 


globin, the glycated albumin may be expected to reflect 
the short-term glycemic status.® Rai et al.” reported that 
glycated albumin showed a progressive increase during 
normal pregnancy. Their study was performed with 
affinity chromatography on a small number of samples. 
On the contrary, our study revealed that glycated al- 
bumin was slightly reduced during normal pregnancy 
and statistically higher in the first trimester than in the 
second or third trimesters. It is considered that in late 
pregnancy increasing blood volume accelerates albu- 
min production, resulting in an increase of newly gen- 
erated albumin, and thus the glycated albumin reflects 
the glycemic status over a much shorter period than in 
nonpregnant woman. This low level in the third trimes- 
ter may also be due to the influence of the lower fasting 
glucose level produced by accelerated starvation. Al- 
though the differences in the mean values of each 
trimester were small, the pattern was the same as that 
of glycated hemoglobin of the light erythrocytes and 
fructosamine, indicating that these tests reflect the re- 
cent glycemic state. In the abnormal glucose tolerance 
group (Table I) glycated albumin was significantly 
elevated in all trimesters. This suggests that glycated 
albumin may indeed be a sensitive indicator of mild 
hyperglycemia. But it remains questionable whether 
this is also a good parameter to monitor the gly- 
cemic condition late in a pregnancy with an abnormal 
glucose metabolism, because it might reflect too short 
a term of glycemic status to reveal the total glucose 
metabolic change, which is much accelerated by other 
pregnancy-associated physiologic changes late in the 
normal pregnancy. We must understand the specific 


dynamic physiologic changes of pregnancy and keep 
in mind whether examinations to detect abnormality 
during pregnancy are soundly based on these physio- 
logic states. 

The stable glycated hemoglobin of fractionated 
erythrocytes and the glycated albumin directly reflect 
maternal glucose metabolism. They provide additional 
information for the detection and control of abnormal 
glucose tolerance, and both have advantages in differ- 
ent stages of pregnancy. Further extensive clinical eval- 
uations, including glucose challenge test, GTT, and the 
stable glycated hemoglobin of medium-density eryth- 
rocytes, to determine which test is the most valuable at 
each stage of pregnancy are needed to establish a 
method of screening and controlling gestational dia- 
betes mellitus. 
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The effect of the menstrual cycle on serum CA 125 levels: A 


population study 


Sonia Grover, MB, BS, Hoon Koh, BSc, Prue Weideman, RN, RM, and 


Michael A. Quinn, MD, ChB** 


Carlton, Victoria, Austraha 


OBJECTIVE: Our objective was to assess the effect of the menstrual cycle on CA 125 levels in a 


population study. 


STUDY DESIGN: Serum CA 125 was measured in 1478 women, with day of menstrual cycle noted in 574 
women. Repeat examination was performed in women with elevated results, and 40 of these women were 


tracked by weekly examination of CA 125 levels. 


RESULTS: A significant difference was demonstrated when midcycle samples were compared with day 1 
and day 28 samples (p < 0.05). In spite of this significance the difference was not clinically useful. 
Elevated serum CA 125 (>35 U/ml) levels were present in 77 (5.2%) of the premenopausal women. A 
significant variation was demonstable with higher CA 125 levels about the time of menstruation in 29 of 


the 40 women tracked. 


CONCLUSION: This study suggests that in the population as a whole the effect of the menstrual cycle on 
serum CA 125 is not clinically significant, but single elevated levels in an individual may represent 


menstrual fluctuation. (AM J OBsTteT GYNECOL 1992;167:1379-81.) 


Key words: Serum CA 125, menstrual cycle, premenopausal women 


The effect of the menstrual cycle on serum CA 125 
levels has been the topic of several articles, all with 
studies involving small numbers of women. Mastro- 
paolo et al.' was the first to report a pronounced in- 
crease in serum CA 125 levels coinciding with the onset 
of menstruation tn a healthy woman. Five other healthy 
women in that study had no pronounced fluctuation in 
menstrual cycles. 

Since that report studies of 13 and 9 women have 
demonstrated the absence of menstrual variation in 
women on the oral contraceptives.” * Menstrual varia- 
tion has been documented’ * in 49 women undergoing 
stimulated cycles for in vitro fertilization, although 
Jager et al.* reported this finding only in the women 
with ovarian hyperstimulation syndrome and not in 
those undergoing in vitro fertilization cycles without 
hyperstimulation. In women with normal menstrual cy- 
cles reports concerning menstrual variation have been 
mixed or contradictory.” * 5° These studies have re- 
ported on the findings of between 4 and 71 women, 
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with the average number of participants in each study 
being 22 women. 


Methods 


Women aged =40 years were recruited as part of an 
ovarian cancer screening study. Some younger women 
were seen if a significant family history of cancer was 
present. The women in this report represent the pre- 
menopausal women from this screening study. 

All women were healthy fit volunteers who answered 
a questionnaire concerning obstetric, gynecologic, and 
other medical history. Data concerning day of men- 
strual cycle were also recorded in many of the women. 
Information concerning the presence of significant cli- 
macteric symptoms (hot flushes, changing menstrual 
cycle length, or amenorrhea of several months but <1 
year) was also collected and enabled the population to 
be subdivided into premenopausal and perimeno- 
pausal populations. 

Vaginal examination and serum CA 125 levels were 
performed on all women. Initially, when the serum CA 
125 level was elevated, pelvic ultrasonography was per- 
formed. Later, serial CA 125 levels were measured on 
a weekly basis to assess the effect of the menstrual cycle 
on serum CA 125 levels. When this tracking was per- 
formed and the levels returned to normal, pelvic ul- 
trasonography was not routinely performed. 

In those women in whom the day of the cycle was 
known, the data were initially assessed with respect to 
day of cycle. In an attempt to increase the numbers per 
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Table I. Analysis of CA 125 by week of cycle 
and menopausal status 


CA 125 (U/ml, ` 
mean + SD) 


Week 
l 154 17.3 = 17.3 
A 220 15.5 + 9.8 
3 138 [5.5 + 10.1 
4 621 8.1 + 4.0 
Menopausal status 
Premenopausal 1098 16.6 + 12.6 
Perimenopausal 380 13.8 + 17.4 


category the data were coded into week of cycle (that 
is, days 1 to 7 coded as week 1, days 8 to 14 as week 2, 
days 15 to 21 as week 3, and days 22 to 18 as week 4). 

Data were analyzed with the log of CA 125 levels, to 
overcome skewness in the data and to enable analysis 
by regression modeling. Analysis of covariance was 
used to test for differences in CA 125 with time of 
menstrual cycle. 

Blood samples were collected, and serum was sepa- 
rated from the clot. Specimens were then frozen and 
stored at — 20° C until assayed in a batch procedure. 
Measurement was performed according to the manu- 
facturer’s instructions with the Abbott (Abbott, Abbott 
Park, Ill.) CA 125 immunoradiometric assay kit, which 
uses the monoclonal OC 125 antibody (Centocor, Mal- 
vern, Pa.). 

All standards, controls, and specimens were assayed 
in duplicate. The lower limit of sensitivity of the assay 
was <6 U/ml. The intrassay and interassay coefficients 
of variation were 4.5% and 5.3%, respectively. 


Results 


Of the 1478 premenopausal women participating in 
this study, 174 had a first-degree relative with ovarian 
cancer. The day of menstrual cycle was noted in 574 
women. : 

When the population was divided into premenopau- 
sal and perimenopausal subpopulations on the basis of 
significant climacteric symptoms, there was a significant 
difference in mean serum CA 125 levels (p < 0.0001) 
(Table I). There was no difference in levels associated 
with a positive family history. 

Seventy-seven women (5.2%) had serum CA 125 
levels >35. U/ml. Of these, 64 were premenopausal 
(5.8%) and 13 were perimenopausal (3.4%). This dif- 
ference is not significant. Vaginal examination gave 
normal results or findings consistent with a fibroid 
uterus in all but one of these women, who clinically had 
a cystic mass at the vault of the vagina. Pelvic ultra- 
sonographic examination was normal or detected fi- 


broids in 59 women, revealed a dermoid cyst in two | 


women (not detected on vaginal examination), and sup- 
ported the clinical finding of a cystic vault mass with 
an appearance consistent with endometriosis (which 
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was confirmed at laparotomy). Fifteen women did not 
undergo ultrasonography because repeat CA 125 test- 
ing revealed a return to normal levels. 

Forty women whose levels were initially elevated were 
tracked with weekly serum CA 125 levels. Of these, 21 
had levels that fell to <35 U/ml (including one of the 
women with a dermoid cyst). 

A menstrual variation could be demonstrated in 29 
women whose levels were iritially elevated (Fig. 1). In 
these women the highest CA 125 levels corresponded 
to the time just before the onset of menses or during 
menstruation, with lowest values being present at about 
midcycle. This pattern of variation was highly signifi- 
cant (p = 0.001). Three women had persistently ele- 
vated levels that were quite stable, and eight women 
had random fluctuations. 

In the population of women with known day of men- 
strual cycle (n = 574) there was no statistical difference 
with an analysis of variance for either day of cycle or 
week of cycle (Table I). 

By viewing the day of menstrual cycle as a continuous 
variable, assessment of the day of cycle with a regression 
model is possible. There was a significant difference 
(p < 0.05) in the CA 125 levels when midcycle or day 
14 values (mean 14.35 + 7.22 U/ml) were compared 
with day 28 and day | values (mean 17.59 + 12.74 
U/ml). On the unlogged scale the decrease in values 
from day 1 to day 14 and the increase from day 14 to 
day 28 corresponds to a factor of 1.02, with 95% con- 
fidence intervals of 1.00 and 1.03. 


Comment 


The effect of day of menstrual cycle is extremely 
small in this population study. Although a significant 
difference could be demonstrated (p < 0.05), the clin- 
ical usefulness of this difzerence is negligible as the 
factor change for one day of the cycle to the next day 
is only 1.02. Previous studies reporting some menstrual 
variation have done so in the context of changes in 
mean values during menstruation as compared with 
other times in the cycle, without reference to the ap- 
plication of this information in terms of diagnostic or 
screening cutoff values. The variation does appear to 
be present in this population study. The problem is that 
the size of the variation is such that it is not clinically 
relevant. 

In those individuals with an elevated serum CA 125 
level, however, the effect of menstrual fluctuation ap- 
pears to be more pronounced. This is consistent with 
the findings of others,” ° where it appears that only 
some individuals demonstrate the marked variation as 
first reported by Mastropaolo et al.' The possibility of 
retrograde menstruation has been raised as a potential 
explanation.’ An alternative is that the individuals in- 
volved may have undiagnosed endometriosis or ade- 
nomyosis, both conditions associated with elevated CA 
125 levels.*® The presence of CA 125 in endometrial 


Volume 167 
Number 5 


140 
120 
a 100 
80 

Serum 
CA125 60 


40 


20 


Effects of menstrual cycle on serum CA 125 1381 





Day of menstrual cycle 


Fig. 1. Menstrual variation of CA 125 levels in 29 women with initially elevated levels who were 
tracked. This pattern of variation (R? = 0.502) was highly significant (p = 0.001). Symbols represent 
29 individual women tracked through a menstrual cycle. 


tissue further supports this explanation.” The finding 
of random fluctuations in serum CA 125, also found 
by others,” ** is more difficult to explain. 

Elevated serum CA 125 levels in premenopausal 
women have been consistently found in about 6% of 
the normal population," with a lower incidence of el- 
evated values in the postmenopausal population. This 
study reveals that perimenopausal women have signif- 
icantly lower mean CA 125 levels (p < 0.0001). The 
incidence of elevated levels in perimenopausal women 
is 3.4%, between that of the premenopausal women 
(5.8%) and the postmenopausal incidence (3%). 

This study has found that tn the population as a 
whole the effect of the menstrual cycle on serum CA 
125 levels is not clinically significant. In the presence 
of a single elevated level, however, menstrual fluctua- 
tion should be considered as an explanation and repeat 
levels performed; more than half of such women will 
have this pattern. In premenopausal women efforts 
should be made to collect all specimens for CA 125 
testing in the midcycle; in particular, this should apply 
to all women requiring repeat testing after an elevated 
level. A smaller group of women with initially elevated 
levels will demonstrate a random variation in CA 125 
levels when repeat testing is undertaken. This infor- 
mation is important in the context of screening pro- 
grams involving premenopausal women. 


We thank Ian Gordon of the Statistical Consulting 
Centre, University of Melbourne, for his assistance with 
the statistical analysis. 


REFERENCES 


1. Mastropaolo W, Fernandez Z, Miller EL. Pronounced in- 
creases in the concentration of an ovarian tumour marker 


10. 


Il. 


CA125 in serum of a healthy subject during menstruation. 
Clin Chem 1986;32:2110-1. 


. Jager W, Sauerbrei W, Meire C, Lang N, Wildt L. CA125 


serum concentrations during the menstrual cycle. Fertil 
Steril 1988;50:223-7. 


. Zweers A, De Boever J, Serreyn R, Vandekerckhove D. 


Correlation between peripheral CA125 levels and ovarian 
activity. Fertil Steril 1990;54:409-14. 


. Jager W, Diedrich K, Wildt L. Elevated levels of CA125 


in the serum of patients suffering from ovarian hyper- 
stimulation syndrome. Fertil Steril 1987;48:675-7. 


. Pittaway DE, Fayez JA. Serum CA125 antigen levels in- 


crease during menses. AM GYNECOL 


1987;156:75-6. 


J OBSTET 


. Granberg S, Wikland M, Friberg LG. Tumor marker 


CA125 level and ovarian volume at different cycle day 
periods and in postmenopause. Int J Gynaecol Obstet 
1990;33:149-52. 


. Lehtovirta P, Apter D, Stenman UH. Serum CA125 levels 


during the menstrual cycle. Br J Obstet Gynaecol 
1990;97:930-3. 


. Masahashi T, Matsuzawa K, Ohsawa M, Narita O, Asai T, 


Ishihara M. Serum CA125 levels in patients with endo- 
metriosis: changes in CA 125 levels with menstruation. Ob- 
stet Gynecol 1988;72:328-31. 


. Negri P, Condemi L, Tomasi A, Vitagliano I, Di Leo A, 


Andreoli M. CA125 spontaneous modifications through 
the menstrual cycle: preliminary report. Acta Eur Fertil 
1989;20:29-30. 

Jacobs I], Fay TN, Stabile I, Bridges JE, Oram DH, Grud- 
zinskas JG. The distribution of CA125 in the reproductive 
tract of pregnant and nonpregnant women. Br J Obstet 
Gynaecol 1988;95: 1190-4. 

Pittaway De, Douglas JW. Serum CA125 in women with 
endometriosis and chronic pelvic pain. Fertil Steril 
1989;68:58-70. 


. Jacobs I, Stabile I, Bridges J, etal. A multimodal approach 


to screening for ovarian cancer; results in 1010 post- 
menopausal women. Lancet 1988;1:268-71. 


The fetal recoil test 


Thomas H. Strong, Jr., MD; Denise L. Jordan, RN,” and David W. Marden, DO" 


Phoenix, Arizona, and Pomona, California 


A reassuring fetal recoil test had positive and negative pred ciive values of 98% and 8%, respectively, for 
a reactive nonstress test (sensitivity 89%, specificity 33%). Among 21 of 30 subjects in wham recol was 
present immediately before delivery, none had umbilical arterial pH values <7.20 versus 5 of 9 (56%) with 
nonreassuring recoil (p = 0.005), We concluded that a reassuring fetal recoil test is a reliable marker for 


. fetal well-being. (Am J Osstet Gynecot 1992;167:1382-3.) 


Key words: Fetal acoustic stimulation, fetal recoil, fetal monitoring 


The fetal startle response after fetal acoustic stimula- 
tion consists of a short-term increase in body move- 
ments (“recoil’’) followed by an acceleration in the fetal 
heart rate (FHR). Whereas the FHR acceleration pro- 
duced by fetal acoustic stimulation is a reassuring find- 
ing,’ little attention has been given to fetal recoil as a 
marker that is independent of the FHR response. Tae 
purpose of this study was to assess the ability of fezal 
recoil alone to identify the intact fetus. 


Material and methods 


The fetal recoil test, an antepartum assessment tech- 
nique developed by the authors, was performed on 
fetuses =36 weeks’ gestation during 100 consecutive 
nonstress tests (NSTs) at Good Samaritan Regional 
Medical Center in Phoenix, Arizona. A reassuring fetal 
recoil test was defined as a palpable fetal startle re- 
sponse occurring during the delivery of a 1- to 3-seccnd 
vibroacoustic stimulus (Western Electric model 5C elec- 
trolarynx). All 100 tests were administered by one 
investigator and all NSTs were interpreted by another 
(blinded) observer. Next, 30 women at 230 weeks’ 
gestation underwent the recoil test within 5 minutes of 
cesarean delivery. Umbilical arterial pH values were 
then compared with the results of the recoil test, 


Results 


Among the 100 NSTs, 97 were reactive and 88 
exhibited reassuring fetal recoil tests (positive predic- 
tive value 98%, negative predictive value 8%, sensitivity 
89%, specificity 33%). A reassuring recoil test was also 
associated with an FHR acceleration of =15 beats/min 
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for > 15 seconds within 60 seconds of stimulation (pos- 
itive predictive value 90%, negative predictive value 
21%, sensitivity 88%, specificity 25%). Among the 30 
undergoing the reccil test immediately before cesarean 
section, 21 (70%) had reassuring test results (Table I). 
The positive and negative predictive values of a reas- 
suring recoil test result for an umbilical arterial pH 
27.20 were 100% and 56%, respectively (sensitivity 
84%, specificity 100%). 


Comment 


Fetal acoustic stimulation offers the advantage of 
rapid availability of results, noninvasiveness, and reli- 
ability but requires concomitant monitoring of the 
FHR. Therefore the fetal acoustic stimulation test is 
limited to settings where electricity, monitoring equip- 
ment, and personnel with the appropriate expertise are 
available. The fetal recoil test has utility because it 
assesses a component of tke fetal startle response that is 
easy to detect. Therefore the test may add a dimension 
to fetal surveillance that was previously unavailable with 
simple auscultation of the FHR. For instance, its use 
during labor or routine prenatal visits may provide 
greater reassurance of well-being than simple FHR 
auscultation alone. The recoil test may also have benefit 
in assessing the third-trimester fetus during “in the 
field” emergencies or maternal transports. 

No attempt was made to evaluate the recoil test as a 
long-term (i.e., 7-day) predictor of fetal well-being. 
Pending further studies, a reassuring fetal recoil test 
should be viewed as a marker for fetal well-being in the 
short-term setting only. As with all antepartum tests of 
fetal well-being, the recoil test has high sensitivity but 
low specificity. In the event that fetal acoustic stim- 
ulation fails to evoke a reassuring fetal recoil, other 
modalities should be cailed on to clarify the clinical 
picture. | 

The fetal recoil test may be less reliable among the 
obese and those with multiple gestations or polyhy- 
dramnios.* These limitations notwithstanding, the fetal 
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Table I. Fetal recoil and umbilical arterial pH values 


Recoil present 
(n = 21) 


pH (mean + SD) 7.29 + 0.05 
pH <7.20 (No. and %) 0 


NS, Not significant. 
*Fisher’s exact test. 


recoil test appears to be a reliable technique for assess- 
ing fetal well-being that can be applied more widely 
than the NST or biophysical profile. As such, its utility 
may lie in its availability. 


REFERENCES 


l. Smith CV, Nguyen HN, Phelan JP, Paul RH. Intrapartum 
assessment of fetal well-being: a comparison of fetal acous- 


Fetal recoil 


Recoil absent 


(n = 9) Significance 
7.27 + 0.16 NS 
5 (56%) p = 0.005* 


tic stimulation with acid-base determinations. Am ] OBSTET 
GYNECOL 1986;155:726-8. l 

2. Richards DS, Abrams RM, Gerhardt KJ, McCann ME. 
Effects of vibration frequency and tissue thickness on in- 
trauterine sound levels in sheep. Am J Oxssrer GYNECOL 
1991;165:438-42. 





Recurrent squamous carcinoma of the vulva 


A. Stephen Tilmans, MD, Gregory P. Sutton, MD,” Katherine Y. Look, MD,” 
Frederick B. Stehman, MD," Clarence E. Ehrlich, MD, and Ned B. Hornback, MD" 


Indianapolis, Indiana 


OBJECTIVE: This study reviews experience at indiana University with recurrent squamous carcinoma of 
the vulva over an 18-year period from 1971 to 1989. The pattern of recurrence, time interval to recurrence, 
and efficacy of salvage therapy are evaluated in the context of the primary tumor. 

STUDY DESIGN: This is a retrospective study of 40 patients, 21 of whom underwent primary therapy for 


Invasive squamous carcinoma of the vulva at Indiana University. 


RESULTS: Vulvar recurrences were observed in 17 patients (43%), the groin was involved in 12 (30%), 
whereas pelvic and distant recurrences were observed in 2 (5%) and 9 (22.5%) patients, respectively. 
Salvage surgery and/or radiotherapy were successful in 25 patients (62.5%) alive from 1 to 144 months 
(median 8 months) from secondary therapy. Survival after retreatment varied significantly by site of 
recurrence (p = 0.002), tumor grade (p = 0.009), and interval to recurrence (p < 0.001). Best outcomes 
were in patients with initial stage | or [| disease (international Federation of Gynecology and Obstetrics}, 
grade 1 tumors, local failure, and interval to relapse of >16 months’ duration. Two of 12 patients with groin 


recurrences were salvaged with surgery and radiotherapy. 


CONCLUSION: Long-term follow-up of patients with vulvar cancer and careful restaging at the time of 
recurrence are mandatory. Although local and nodal recurrences may be controlled with surgery and/or 
radiotherapy, regional recurrences are usually fatal. (Am J Osstet GyNecoL 1992;167:1383-9.) 


Key words: Vulvar cancer, recurrence 
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Radical vulvectomy with bilateral inguinal lymph- 
adenectomy has been the accepted primary manage- 
ment for squamous carcinoma of the vulva.' Conser- 
vative resection rather than more extensive procedures 


_ has been recently advocated for some subsets of pa- 


tients.? Many have attempted to define reliable prog- 
nostic variables that allow a more limited resection.*” 
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The overall 5-year survival for all stages is approxi- 
mately 75%.' Patients with recurrent disease have been 
reported to have a poor prognosis, especially with re- 
gional or distant failure.”'* This study reviews the In- 
diana University experience with recurrent vulvar can- 
cer. It was undertaken to evaluate the clinical aspects 
of recurrence and to optimize management, particu- 
larly emphasizing therapy, prognosis, and special prob- 
lems unique to vulvar cancer. 


Material and methods 


From January 1974 to March 1988, 150 patients witk 
primary invasive squamous cell carcinoma of the vulve 
underwent surgery at Indiana University, with a trenc 
toward more conservative surgical management. Forty- 
two patients (27.3%) had radiotherapy in addition te 
surgery. Details of treatment techniques in this group 
of patients have been described elsewhere." Recur- 
rences developed in 21 patients (14.0%). Additionally, 
19 patients were treated initially at other institutions 
and referred for evaluation and treatment of recurrent 
disease. These 40 patients with recurrent disease form 
the basis of this report. The extent of recurrent disease 
was evaluated both clinically and radiographically. Fob 
low-up was accomplished by reviewing hospital and de 
partmental records. Patients and referring physicians 
were also contacted via letter or telephone. 

Patients underwent retrospective staging of diseas2 
according to the International Federation of Gyneco.- 
ogy and Obstetrics (FIGO) criteria, 1988. Disease-free 
status was achieved in all patients after initial therapy 
before the development of recurrent disease. All pz- 
tients had biopsy-proved invasive squamous cell carci- 
noma of the vulva, and in all cases the histologic tyge 
of the primary tumor was the same as that of the re- 
current tumor. 

End points for analysis were overall survival from 
initial therapy and survival from recurrence after sal- 
vage therapy. Status was determined from time of last 
follow-up. Intergroup survival comparisons were cal- 
culated by the Peto and Peto log-rank test with National 
Institutes of Health CLINFO sofware. 


Results 


From January 1970 to January 1989, 40 patients were 
evaluated and treated for recurrent invasive squamous 
cell carcinoma of the vulva at Indiana University Med- 
ical Center. The age range was rom 29 to 89 with a 
median age of 65 years. Of these patients, 15 initially 
had FIGO stage I disease, 10 had stage II disease, :0 
had stage III disease, and four nad stage IV disease. 
In one patient the initial stage could not be determined. 

Clinical and pathologic characteristics of the 40 ga- 
tients included well-differentiated tumors in 24 patients 
(60%), moderately differentiated lesions in 10 patients 
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(25%), and poorly differentiated tumors in six patients 
(15%). Sites of disease recurrence were as follows: vulva 
17 (43%), groin 12 (30%), pelvis 2 (5%), and distant 
metastases 9 (22%). In some instances more than one 
site was involved, but these patients were assigned to a 
group on the basis of the most advanced level of disease 
involvement. Sites of distant metastases were lung 
(n = 3), bone (n = 3), liver tn = 1), paraaortic lymph 
nodes (n = 1), and supraclavicular lymph nodes 
(n= 1). 

The median interval from initial therapy to recur- 
rence was 15 months (range 29 to 89 months). Within 
1, 2, and 5 years from initial therapy, disease recurred 
in 44%, 63%, and 90% of the patients (Fig. 1). Four 
patients had recurrences >5 years from primary treat- 
ment. The intervals to recurrence by grade, FIGO 
stage, and recurrent site are shown in Tables I, II, and 
III. Patients with tumors that recurred in the vulva had 
a median interval to recurrence of 33 months (range 
10 to 184 months). Those with recurrences to the groin, 
pelvis, or distant sites had a median recurrence interval 
of 8 months (range 2 to 95 months). This difference is 
statistically significant (p < ').001). In one half of pa- 
tients with stage I or II disease recurrences developed 
within 27 months of initial terapy, compared with only 
9 months in those patients with stage III or IV disease 
(p = 0.078). Grade was also of predictive value in ana- 
lyzing interval to recurrence. For patients with grade I 
lesions, the median time to recurrence was 21 months 
(range 2 to 184). However, for those patients with grade 
2 or 3 tumors the median was 9 months (p = 0.098). 

Seventeen patients had vulvar recurrences. Salvage 
therapy in 13 of these patients with local recurrences 
was surgical. Procedures ircluded simple vulvectomy 
(n = 8), modified radical vulvectomy (n = 4), and rad- 
ical vulvectomy (n = 1). Four patients additionally un- 
derwent superficial lymph node dissection. One patient 
received postoperative radiotherapy and is free of dis- 
ease 42 months from salvage therapy. The other four 
patients were treated with radiation therapy alone. Six 
patients (35%) again had recurrence in the vulva after 
salvage therapy, and half of them had additional re- 
currences at more distant sites (two in the groin, one 
pelvic) (Table IV). Also, two patients had second re- 
currences in the groin and also had distant failure, 
although disease was controlled in the vulva. The sam- 
ple sizes for various retreatment modalities were not 
large enough to permit statistical comparisons. 

Twelve patients had regional recurrence in the groin. 
The treatment of groin recurrences combined surgery 
and postoperative radiotherapy in five of these patients 
(42%). Two patients received cyclophosphamide and 
cisplatin chemotherapy after surgery and radiotherapy. 
One patient received radictherapy alone. The median 
dose in the six patients receiving radiotherapy was 5000 
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Fig. 1. Cumulative fraction of recurrences in months after primary therapy. 


Table I. Interval to recurrence by grade 


Median interval to recurrence 


Grade (mo) 
l 23 
2 8 
3 18 


Table II. Interval to recurrence by stage 


FIGO Median interval to recurrence 
stage ' ~ (mo) . 

I 32 

II 20 

IH 12 

IV 9 


cGy (range 4000 to 6000 cGy). The remaining six pa- 
tients were treated with palliative intent (1 chemother- 
apy, 4 radiotherapy, 1 supportive care). Two patients 
from this group of 12 were free of disease. One patient 
underwent bilateral groin dissection and received 5500 
cGy postoperatively. The other received radiotherapy 
alone. Ten patients (83%) had some component of 
groin, pelvic, or distant failure after salvage therapy, 
and six of them died of disease. 

Pelvic and distant recurrences were treated with pal- 
liative intent only. All 11 patients in these groups had 
disease progression and ultimately died of disease. Che- 
motherapy varied considerably in seven patients; 5- 
fluorouracil, cisplatin, aziridinyl-benzequinone, eto- 


Table III. Interval to recurrence by site 


Median interval to recurrence 


Site (mo) 
Vulva 33 
Grom 9 
Pelvis 12 
Distant 7 


Table IV. Results of retreatment of 
vulvar recurrences 


No evidence of distress 

Local failure 

Local failure plus groin recurrence 
Local failure plus pelvic recurrence 
Groin and distant recurrences 


PO m NO O O 


poside, doxorubicin, and cyclophosphamide were ad- 
ministered in single-agent and multiagent regimens. 
Palliative radiotherapy, sometimes with hyperthermia, 
was administered in seven patients. 

The survival of patients with recurrent vulvar cancer 
varied significantly by initial stage, tumor grade, site of 
recurrence, and interval to recurrence. Twenty-five pa- 
tients were alive 1 to 144 months from retreatment 
(median 8 months}. Fourteen patients died of pro- 
gressive disease. In one patient esophageal carcinoma 
developed and she died 8 months later. Twelve patients 
(30%) were alive >12 months from the development 
of recurrence. 

The site of recurrence was an important prognostic 
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Fig. 2. Survival in months after first recurrence by site of recurrence. 
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Fig. 3. Survival in months after first recurrence by interval to recurrence. 


indicator. Of the 17 patients with failure limited to the 
vulva, 15 were alive 2 to 49 months after retreatment 
(median 13 months). Nine patients were free of disease. 
However, the median survivals after groin, pelvic, and 
distant recurrences were 10, 4, and 5 months, respec- 
tively. Survival after salvage therapy was statistically sig- 
nificant when related to the site of initial failure 
(p = 0.002) (Fig. 2). 

The interval to first recurrence was positively asso- 
ciated with survival. Of the 19 patients (47%) whose 
lesions recurred >16 months from initial therapy, 16 
were alive 2 to 49 months after salvage therapy (median 
13 months). Nine were free of disease. Twenty-one 
patients had recurrence <16 months from primary 
therapy. Median survival for these patients was 5 
months after the development of recurrent disease. 
Survival from recurrence was significantly different 
when analyzed by interval to recurrence (p < 0.001) 
(Fig. 3). 

Tumor grade was also associated with survival. When 
analyzed for tumor differentiation, survival after sal- 
vage therapy demonstrated differences that were sig- 
nificant (p = 0.009). Twenty-four patients had well- 
differentiated tumors. Seventeen were alive 1 to 49 


months after retreatment (median 13 months). Seven: 
patients were free of disease. Median survival was 4 
months for grade 2 tumors and 7 months for grade 3 
lesions (Fig. 4). 

When analyzed for overall survival, there were dif- 
ferences by FIGO stage that were statistically significant 
(p = 0.045). Nineteen of the 25 patients with clinical 
stage I or I] disease were alive 4 to 155 months (median 
45 months) from initial therapy. However, patients with 
stage III and IV disease had median overall survivals 
of 14 and 11 months, respectively (Fig. 5). 

The extent of initial therapy was not a significant 
predictor of survival when analyzed for overall sur- 
vival (p = 0.074) or survival from salvage therapy 
(p = 0.188). Twenty patients underwent radical vul- 
vectomy and nine patients had modified radical vul- 
vectomy, most accompanied by a groin lymph node 
dissection. Also, eight patients underwent simple vul- 
vectomy and three had radiotherapy alone. The inter- 
val to recurrence for patients who underwent simple 
vulvectomy was 35 months. For radical vulvectomy, 
modified radical vulvectomy, and radiotherapy, median 
intervals to recurrence were 11, 18, and 2 months, re- 
spectively. The median survivals after recurrence were 
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Fig. 4. Survival in months after first recurrence by tumor differentiation. 
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Fig. 5. Overall survival in months after primary therapy by initial FIGO stage. 


7, 12, and 6 months, respectively. However, eight pa- 
tients who initially underwent simple vulvectomy were 
alive 1 to 45 months (median 21 months) after retreat- 
ment for recurrent disease. 


Comment 


The recurrence rate for vulvar carcinoma after sur- 
gery is 20% to 30%.’ The prognosis for patients with 
recurrent cancer has historically been poor. FIGO 
stage, nodal status, and tumor site may be of prognostic 
significance in patients at high risk for recurrence. In 
addition, lymph vascular space invasion, depth and pat- 
tern of invasion, and grade and surgical margin may 
also help predict those patients whose tumors are likely 
to recur after initial therapy.*° Efforts to control re- 
currence will probably fail in at least 50% of cases. 
Furthermore, with disease outside the pelvis, no cu- 
rative therapy is available. 

In the current study the site of recurrence, interval 
to recurrence, and tumor grade were prognostically 
significant for both overall survival and survival after 


retreatment. Initial FIGO stage was also predictive of 
overall survival. 

The interval between primary therapy and recur- 
rence tends to be long. Forty-four percent of patients 
in this series had disease recurrence within | year, and 
only 63% had recurrences within two years. The pa- 
tients who had recurrences within 16 months of initial 
therapy had poorer outcomes than did those who had 
recurrences later. Shimm et al.“ demonstrated a 53% 
actuarial survival at 5 years for patients in whom disease 
recurred locally later than 2 years from the initial sur- 
gery. Of the patients with recurrence within 2 years, 
all died of disease. Podratz et al.” additionally reported 
appreciable long-term survival only in patients who had 
isolated vulvar recurrences appearing =2 years after 
primary treatment (5-year postrecurrence survival rate 
70% to 14%). Those authors believed this suggested 
the occurrence or development of a new disease pro- 
cess. Eichner likened this to cervical cancer and con- 
cluded that the extent of the recurrence depends on 
the extent of the initial operative procedure.’ In other 
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series 43% to 59% were diagnosed within the first 2 
years and the remainder later than 2 years from initial 
therapy.*” 

The site of recurrence significantly influences the 
survival after retreatment. Lymph node involvement 
or distant metastases were ominous signs. Of the re- 
currences in the current series, 43% were located m 
the vulva with no evidence of regional or distant me- 
tastases. Other series report that 66% to 71% of re- 
currences are confined to the vulva.”*"' Podratz et al.’ 
reported a 5-year survival rate for vulvar recurrence 
of 50% compared with 10% for regional or distant re- 
currence. Among the 18 patients of Buchler et al.* with 
recurrence in the perineum, local control of the disease 
was obtained in 73% with either surgery or irradiation. 

Retreatment for local recurrence was primarily sur- 
gical, although four patients were treated with radio- 
therapy alone. Historically, irradiation of the vulva ard 
perineum has produced significant morbidity. Moist 
skin desquamation requiring frequent treatment inter- 
ruptions, radiation fibrosis, lymphedema (particularly 
after groin node dissection), skin ulceration, and other 
severe morbidity were not uncommon. The compro- 
mised blood and lymphatic drainage of the perineal 
tissue also was thought to contribute to radiation ther- 
apy’s limitations. 

Several studies have addressed radiotherapy in the 
treatment of recurrent vulvar carcinoma. Premprze 
and Amornmarn" discussed factors that may be re- 
sponsible for the success of radiotherapy. These include 
the size and depth of the recurrence, groin node size, 
perineal skin involvement, and the degree of tumor 
tissue necrosis. Radiation doses of 5500 to 8500 cGv 
were required and external bezem therapy was inte- 
grated with brachytherapy. Simonsen" reported the re- 
treatment of locally returrent vulvar cancer to be sur- 
gical, possibly combined with preoperative or postap- 
erative irradiation. Long-term control was achieved in 
one third of his patients. l 

Pao et al." reported acceptable morbidity in their 
series addressing radiation therapy and conservative 
surgery for recurrent vulvar carcinoma. A 4-year sur- 
vival with no evidence of disease of 10% was reported. 
They concluded that vulvar carcinoma is radiorespon- 
sive and that those with recurrent tumors can occa- 
sionally be salvaged with radiotherapy. 

Patients with groin recurrences may benefit from a 
more aggressive retreatment strategy. In anal carci- 
noma the addition of 5-fluorouracil and mitomycin C 
is more beneficial than radiation or surgery alone for 
primary tumor control.’ This regimen appears to be 
cytotoxic for microscopic distant disease, as well as local 
disease. Also, a synergistic effect of 5-fluorouracil is 
evident when it is combined with radiotherapy.’’ The 
combination of cisplatin and 5-fluorouracil has con- 
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firmed activity against cervical cancer. Thomas et al.” 


described the role of radiation with concurrent 5-fluo- 
rouracil with and without mitomycin C in 15 patients 
with recurrent vulvar carcinoma. Seven remained alive 
and free of disease for intervals of 5 to 45 months. Only 
one of four patients with groin recurrence was disease- 
free. The combined modality therapy appeared toler- 
able and may enhance local-regional control in recur- 
rent disease. 

In summary, patients with vulvar carcinoma require 
long-term follow-up. Most recurrences are vulvar sur- 
face lesions that can easily be detected. Although the 
majority of recurrences are seen within 2 years, a sig- 
nificant number are founc later. Patients should un- 
dergo careful restaging. Recurrence site, interval to re- 
currence, and grade were significant predictors of sur- 
vival after retreatment. Retreatment tended primarily 
to involve surgery, with postoperative radiotherapy re- 
served for the treatment of regional disease. However, 
radiotherapy does provide significant palliation. The 
poor prognosis for patients with groin node involve- 
ment warrants additional evaluation. These patients 
may benefit from chemoradiotherapy as an adjunct to 
surgery. They generally tolerate aggressive retreatment 
with acceptable morbidity, in spite of their advanced 
ages. In others with poor performance status, judicious 
second-line therapy is appropriate. 
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Contraction monitoring with a manager calculator 


Miklos Török, MD, PhD,* Janos L. Bota, Dipl. Eng.,” and Istvan Gáti, PhD, DSci* 


Budapest, Hungary 


A simple manager calculator was used as a contraction monitor, and external parallel registrations were 
performed on 10 pregnant women in labor with the Psion and other kinds of tocodynamometers. A 94% 
correlation was found between the simultaneously registered data. (Am J OssteT GYNECOL 1992:167: 


1389-90.) 


Key words: Premature labor, prevention, contraction, monitoring 
g 


We introduce a new method and system that can 
improve the cost-benefit ratio of ambulatory home 
monitoring of uterine activity and that can also present 
an opportunity for those populations who do not have 
a well-developed infrastructure. 


Material and methods 

A Psion Organiser II manager calculator (Psion, 
United Kingdom) was linked through an appropriate 
interface (Mikroker, Hungary) to a Corometrics toco- 
dynamometer transducer (model 2260) (Fig. 1). 

The tocodynamometer heads’ signals are analyzed 
and selected by the software of the manager calculator. 
The user-physician, with the help of a menu on the 
organizer’s display, can predetermine what is to be con- 
sidered a significant or nonsignificant pattern. The 
equipment will store in its memory only those signals 
that are defined as significant. With this automatic anal- 
ysis and selection of data the calculator is able to store 
continuously as much as a week’s contraction activity. 


The user can predetermine a limit of the number of 


contractions when the equipment should trigger the 
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Fig. 1. Psion Organiser II manager calculator as contraction 
monitor. Corometrics tocodynamometer transducer (model 
2260) is linked to it through interface. 


alarm signal. Contraction data can be edited on the 
display or transmitted to the central computer of the 
outpatient clinic for further evaluation. Fig. 2 shows a 
segment of a contraction curve placed on a real-time 
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( hour:minute:second ) 


Number of contractions 


Fig. 2. Kranzbiithler-Feta-Control 4 tocodynamometer—registered contraction curve segment. (For 
corresponding Psion Organiser II contraction data see Table I.) 


Table I. Psion Organiser II registered and presented contraction data during parallel measurements 







Start of contraction in 
real time 
(hyrsmin: 


No. of 


contractions 





sec) 














End of contraction in 
real time 
(hr:min:sec) 


Amplitude on relative 
scale (%) 











l 11:14:51 1}: 16:30 70 

2 TE PETT ti: 18:26 62 

3 11:19:24 11:20:43 53 

4 11:21:30 11:22:40 58 

5 11723:5959 25205 60 
For the corresponding contraction curve segment see Fig. 


scale, registered by a Kranzbthler-Feta-Control 4 mon- 
itor (Germany). Table I shows the contraction data 
given by the Psion Organiser II from the same time 
period. 

We performed external parallel registrations on 10 
pregnant women in labor with the Psion and different 
kinds of tocodynamometers. The registered contrac- 
tion curve and the stored Psion Organiser data were 
then compared. 


Results 


The correlation between the Psion data and the con- 
traction curves registered by other tocodynamometers 
was on average 94%. 


Comment 


The philosophy behind the development of our sys- 
tem was to obtain a longer period of time during the 


day for analysis. We thought that in the case of a rare 
phenomenon such as spontaneous contraction of the 
uterus the longer the registered period, the better the 
prediction of preterm labor.' The method is simple. 
The whole system is based on a manager calculator that 
is on the market all over the world. The correlation 
between the Psion Organiser data and the contraction 
curve registered by different tocodynamometers is 
good. The collected and presented contraction data can 
be analyzed in several ways according to the desire of 
the user. Such a simple and easily available system can 
be used in clinical practice all over the world as a screen- 
ing method for high-risk cases. 
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Current Development 


Luteal phase deficiency: Effect of treatment on pregnancy rates 


Lisa M. Karamardian, MD, and David A. Grimes, MD 


Los Angeles, California 


Luteal phase deficiency is thought to be a cause of female infertility. Nevertheless, little agreement exists 
concerning either its diagnosis or its treatment. To address the latter question, we reviewed the English 
literature and examined the effect of treatment on pregnancy rates. One randomized controlled trial found 
a Statistically insignificant benefit of treatment with progesterone suppositories or oral dehydrogesterone 
versus no treatment (relative risk 1.9; 95% confidence interval 0.4 to 8.1). Three other comparative studies 
also showed no statistically significant benefit. Case-series reports (before-after studies) claiming benefit 
failed to account for the effect of regression to the mean. The benefit of treatment for luteal phase 
deficiency has not been established. Uniform case definitions and randomized controlled trials of adequate 
power are needed to resolve this problem. (Am J Osstet GynecoL 1992;167:1391-8.) 


Key words: Luteal phase deficiency, infertility, pregnancy, progesterone, pregnancy 


complications 


Luteal phase deficiency is widely held to be a cause 
of female infertility.’* Estimates of the prevalence of 
luteal phase deficiency as a cause of infertility range 
from 3.5% to 20%.° It is even more commonly seen in 
women with recurrent abortions (23% to 60%).° In the 
most recent Naticnal Survey of Family Growth® about 
4.9 million womer: of reproductive age had an impaired 
ability to have children. If then 3% to 4% of women 
had luteal phase deficiency as the cause,''’ 150,000 to 
200,000 women may have this condition in the United 
States alone. 

In spite of this potentially large burden, both the 
diagnosis and the treatment of luteal phase deficiency 
remain unclear. Although much has been written on 
the diagnosis of luteal phase deficiency,*'' there is little 
agreement on diagnostic criteria. A recent review? con- 
cluded that whereas the endometrial biopsy has not 
been validated as a diagnostic test, it remains the “best” 
current method for diagnosing luteal phase deficiency 
when the “standard” guidelines are used. Other meth- 
ods include luteal phase duration, basal body temper- 
ature charts, serum progesterone measurements, ul- 
trasonographic determination of follicle size, and se- 
rum prolactin measurements. 
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The question of therapy is equally unsettled. Fur- 
thermore, the choice of therapy and evaluation of re- 
sults have received far less atcention in the literature 
than has diagnosis.’ The most popular treatment is pro- 
gesterone supplementation, as either a vaginal sup- 
pository or an intramuscular injection. Other treat- 
ments include clomiphene citrate,'*’® follicle-stimulat- 
ing hormone,'’'? bromocriptine,” ™ human chorionic 
s °° gonadotropin-releasing hormone 


36 


gonadotropin,’ 
pulse therapy,” human menopausal gonadotropins, 
epimestrol,*? monoamine oxidase inhibitors,” phenyt- 
oin,” and tamoxifen.” Few studies, however, have ap- 
propriately evaluated the effectiveness of therapy. Be- 
cause of the scope of this problem and the lack of con- 
sensus concerning management, we conducted this 
review to evaluate the results of treatment. 


Material and methods 


We conducted a MEDLINE search of publications in 
English from January 1966 to July 1991 related to lutea! 
phase deficiency with the medical subject headings “lu- 
teal phase,” “pregnancy,” “progesterone,” and “preg- 
nancy complications.” We sought further publications 
by searching through reference lists, review articles, 
and textbook chapters and by consultations with infer- 
tility experts. To be included in this analysis, each study 
must have provided a case definition of luteal phase 
deficiency and sufficient data to calculate pregnancy 
rates. We limited this analysis of treatment efficacy to 
pregnancy rates, because changes in endometrial his- 
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- tologic type or hormone levels are only indirect mea- 
sures of treatment efficacy. There are a number of 
studies showing statistically significant changes in en- 
dometrial biopsy specimens***’; however, pregnancy is 
the ultimate outcome of interest and also the only one 
of concern to the couple. 

We categorized each report by study design and then 
grcuped these publications by type of treatment. Each 
randomized controlled trial was analyzed for meth- 
odologic soundness with standard criteria” for such 
trials. Relative risks with 95% confidence intervals and 
the power of each study to identify differences were 
calculated according to standard methods. If a 95% 
confidence interval overlaps 1.0, then the difference is 
not statistically significant at the 0.05 level. The x? or 
Fisher’s exact test was used as appropriate. We also 
determined the 95% confidence limits for pregnancy 
rates in case-series reports (before-after studies) by 
means of the binomial distribution.” 

For the analysis of comparative studies we defined a 
case of luteal phase deficiency as including a patient 
witn two endometrial biopsies (performed in the luteal 
phase) displaying at least a 2-day lag between the his- 
tologic pattern and that expected for the biopsy day of 
the menstrual cycle. We accepted a less-stringent def- 
inition of luteal phase deficiency for the case-series re- 
ports. Basal body temperature rises of <12 days, ab- 
normally low serum progesterone values tn the luteal 
phase, or any combination of the above-mentioned di- 
agnostic methods were accepted for inclusion. A dif- 
ferent case definition was used fcr the case-series re- 
ports to include a larger number of reports and to 
accommodate the variability in definition that exists in 
the literature. 


Results 


Only four comparative studies met our criteria for 
inclusion. These included one rardomized controlled 
trial, one nonrandomized study that mixed treatments, 
and two retrospective cohort studies (Table I). Inves- 
tigators in Barcelona” randomized 44 patients with lu- 
teal phase deficiency to 3 months of treatment with 
either progesterone vaginal suppositories (25 mg twice 
daily), dehydrogesterone (20 mg orally daily, starting 
3 days after the basal body temperature rise and con- 
tinuing for 10 days), or no treatment. The pregnancy 
rates associated with both treatments (each 31%) were 
higher than that without treatment (17%), but this dif- 
ference was not statistically significant (Fisher’s exact 
test, two-tailed p = 0.66). However, the power of this 
trial to detect important differences in pregnancy rates 
was very low. For example, to show that progesterone 
trea-ment was associated with a 50% higher pregnancy 
rate than dehydrogesterone treatment (a = 0.05, 
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power 80%, and equal numbers of subjects in both 
groups), a total of 334 patients would have been re- 
quired (Table II). To show z 50% lower pregnancy rate, 
the corresponding number would be 256 subjects. 

Another investigator” in Rochester, New York, be- 
gan a “randomized” trial but then mixed the exposures 
in the analysis. In this analysis, he compared proges- 
terone vaginal suppositories (25 mg twice daily) with 
oral clomiphene citrate (50 mg daily for 5 days starting 
on cycle day 5). The clomiphene dose was increased to 
a maximum of 150 mg dzily in subsequent cycles if 
correction of the endometrial biopsy specimen did not 
occur. Pregnancy rates were not significantly different 
(Table I). Moreover, to show a statistically significant 
difference of this magnitude (a = 0.05, power 80%, 
and equal numbers of subjects in both groups), 778 
subjects would be required (Table II). 

Two groups of investigators compared progesterone 
suppositories with clomiphene citrate in retrospective 
cohort studies.* °° The group in Baltimore” studied 65 
patients. Thirty-five received progesterone supposito- 
ries (25 mg twice daily), and 30 received oral clomi- 
phene citrate (50 mg twice daily for 5 days starting on 
cycle day 2, with subsequent increases to 100 mg daily). 
Life-table analysis showed that pregnancy rates at 12 
months were not significantly different (89% vs 77%, 
respectively) (Table I). However, only those patients 
whose endometrial biopsy specimens after treatment 
were “in phase” were included in the study; four sub- 
jects having received clomiphene were excluded by this 
criterion. To demonstrate a significant difference of 
this size (with the sarne assumptions as before), a total 
of 338 subjects would be required. 

The group’ in Nashville compared progesterone sup- 
positories (54 patients) versus clomiphene citrate (6 pa- 
tients). These investigators also treated seven patients 
with a combination of agents; eight patients had no 
treatment. The pregnancy rate in women having re- 
ceived progesterone was 43% versus 33% in those hav- 
ing received clomiphene (Table I). The rate with com- 
bined treatment was 71%, whereas with no treatment 
the rate was 38%. As shown in Table II, substantially 
larger sample sizes would be necessary to demonstrate 
the superiority of any one of these treatments over the 
others. - 

Numerous descriptive studies of the treatment of lu- 
teal phase deficiency have been published'****?" (Table 
III). All have used a “before-after” design, except for . 
one study, which was deemed a randomized con- 
trolled trial. However, this study provided insufficient 
detail to allow classification zs a randomized controlled 
trial, and it failed to meet the reporting requirements 
for such a study.” 

Treatment with progestational agents was common; 


Volume 167 | Luteal phase deficiency 1393 
Number 5 


Table I. Relative risks of pregnancy in comparative studies of treatment of luteal phase deficiency 












95% 
Confidence 
interval 

















Relative 
risk® 


No. of 
subjects 


Method of 
diagnosis 










Author Type of study Treatment Comparison 





Balasch et al,” Randomized con- 44 Two endometrial Progesterone suppository 1.9 0.4-8.1 
1982 trolled trial biopsies 25 mg b.i.d. vs no 
treatment 
Progesterone suppository 1.0 0.4-2.8 
25 mg b.i.d. vs dehy- 
drogesterone 
Huang,” 1986 Nonrandomized 82 Two endometrial Clomiphene citrate 50 0.7 0.4-1.3 
trial biopsies (=2- mg q.d. vs progester- 
day lag) one suppository 25 mg 
b.i.d. 
Murray et al,” Retrospective cohort 65 Two endometrial Clomiphene citrate 50 0.9 0.7-1.1 
1989 study biopsies (>2- mg q.d. vs progester- : 
day lag) one suppository 25 
mg b.i.d. 
Wentz et al.," Retrospective cohort 79 Variable Progesterone suppository 1.1 0.4-2.9 
1984 study vs no treatment 
Clomiphene citrate vs no 0.9 0.2-3.8 
treatment 
Progesterone suppository 1.9 0.7-5.2 


and clomiphene citrate 
vs no treatment 


Progesterone suppository 1.3 0.4-4.1 
vs clomiphene citrate 
Progesterone suppository 0.6 0.3-1.1 


vs progesterone sup- 
pository and clomi- 
phene citrate 
Clomiphene citrate vs 0.5 0.1-1.6 
progesterone supposi- 
tory and clomiphene 
citrate 


*Based on an index pregnancy rate for the second treatment in each comparison. 


Table II. Actual versus required sample sizes in comparative studies of treatment of luteal 
phase deficiency l 


Difference 
Treatment A (1) Treatment B (2) Required (3) | Actual (41| (3 — 4) 











Percentage of 
required size 
Author 


Balasch et Progesterone suppository: 31% No treatment: 17% 318 28 290 9 
al.,°” 1982 
Progesterone suppository: 31% Dehydrogesterone: 31% 3347 32 302 10 
2564 32 224 13 
Huang,” 1986 Clomiphene citrate: 21% Progesterone supposi- 778 82 696 I] 
tory: 30% 
Murray et Clomiphene citrate: 77% Progesterone supposi- 338 65 273 19 
al., 1989 tory: 89% 
Wentz et al., Progesterone suppository: 43% No treatment: 38% 3104 62 3042 z 
1984 Clomiphene citrate: 33% No treatment: 38% 2952 14 2938 0.5 
Progesterone suppository and No treatment: 38% 80 15 65 19 
clomiphene citrate: 71% 
Progesterone suppository: 43% Clomiphene citrate: 776 60 716 8 
33% © 
Progesterone suppository: 43% Progesterone supposi- 110 61 49 5D 


tory and clomiphene 
citrate: 71% 
Clomiphene citrate: 33% Progesterone supposi- 62 13 49 21 
tory and clomiphene 
citrate: 71% 


*With a = 0.05, power of 80%, and equal numbers of subjects in both treatment groups. 
+Number of subjects necessary to show a 50% increase in rate. 
tNumber of subjects necessary to show a 50% reduction in rate. 
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Table III. Descriptive studies of treatment of luteal shase deficiency 








| Type of study subjects Method of diagnosis 






Author 


Treatment with progestational agents 





` |Conjidence 
interval 






Treatment Comments 


Check and Before-after 50 Two endometrial Progesterone sup- 70 55-82 35/50 Patients con- 


Adelson.,* 1987 design biopsies (>2- 
day lag) and 
i follicle between 
18 and 24 mm 
in diameter 


pository 25 mg ceived within 6 mo 

b.i.d. and 29/50 had nor- 
mal babies; 15% 
abortion rate 


Rosenberg et al,“ Before-after 32 Two endometral Progesterone sup- 70 30-91 9/13 Patients with no 
1980 design biopsies (=2- pository 25 mg ~ other infertility fac- 
day lag) b.i.d. tors conceived 


within 6 mo and 
7/13 carried to term 


Soules et al., 1977 Before-after 16 Two endometr.a! Progesterone sup- 50 26-75 8/16 Patients con- 


design biopsies (>2- pository 25 mg ceived 
day lag) bid or proges- 


terone intramus- 
cularly 12.5 mg 


q.d. 
Trectment with clomiphene citrate 
Downs and Gib- Before-after 41 Two endometrial Clomiphene citrate 39 24-56 16/41 Patients con- 
son,'? 1983 design biopsies (=3- 50 mg q.d. (cycle ceived and 13/41 
day lag), or ane days 5-9) had normal babies 
endometrial bi- 
opsy and se- 
rum proges- 
terone 
Hammond and Before-after 69 Serum progester- Clomiphene citrate 45 33-57 31/69 Patients con- 
Talbert, 1982 design one 4-14 ng/ml 50 mg q.d. (cycle ceived; 23% abor- 
| days 3-7) tion rate 
Quagliarello and Before-after 8 BBT rise £10 Clomiphene citrate 88 47-100 7/8 Patients conceived 
Weiss, 1979 design dayst 50 mg q.d. (cycle 
days 5-9) 
Garcia et al., 1977 Before-after 26 Two endometrial Various doses of 19 7-39 5/26 Patients con- 
design biopsies (=2- clomiphene ci- ceived and 3 mis- 
l day lag) trate carried 
Echt et al., 1969 Random- 19 Two endometrial Clomiphene citrate 21] 6-46 4/19 Patients con- 
ized con- biopsies (=2- 100 mg q.d. or ceived; one had ec- 
trolled day lag) placebo (cycle topic pregnancy and 
trial (?) days 5-7) one baby was born 
with multiple con- 
genital anomalies 
Treatment with FSH 
Balasch et al.” 1990 Before-after 15 Two endometrial “Pure” FSH 150 IU 40 5-85 2/5 Patients without 
design, biopsies (=2- intramuscu- any other infertility 
single- day lag), withn larly x 4 days factors except luteal 
blind 1-3 days before {cycle days 1-4) phase deficiency 
menses conceived and had 
normal babies 
Minassian et al.,  Before-after 18 One endometric] Human urinary 39 17-64 7/18 Patients con- 
1988 design biopsy (>2-day FSH 75 mIU in- ceived and had nor- 
lag) and BBT tramuscu- mal babies 


rise <12 days 


larly x 5 days 


(in two and 5000 mIU 

cycles) hCG after three 
treatment failure 
cycles 

Huang et al., ° 1984 Before-after 15 Two endometrial Human pituitary 33 12-62 5/15 Patients con- 
design biopsies (=2- FSH 50 IU. intra- ; ceived; 3/15 carried 

day lag) muscularly x 5 to term and had 
days or 100 IU normal babies 
intramuscu- 


larly X 5 days 
(cycle days 3-7 or 
5-9) 





pregnancy rates associated with this therapy varied 
from 50% to 70%. The corresponcing rates associated 
with clomiphene treatment were 19% to 88%. Treat- 
ment with follicle-stimulating hormone in three 


studies'™"® was associated with pregnancy rates ranging 
from 33% to 40%. Treatment with bromocriptine*™ 
was associated with rates from 0% to 63%. Higher preg- 
nancy rates were noted in studies” * that used bro- 
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Table III — Contd 











No. of 
Type of study subjects 


















Author Method of diagnosis Treatment Comments 





Treatment with bromocriptine in hyperprolactinemic and euprolactinemic luteal phase deficiency 


Borenstein et al, Before-after 41 BBT rise <10 Bromocriptine x ` 59 42-74 Hyperprolactinemic 
1980 design days, endome- 3 mo, then clomi- ‘patients; 24/41 pa- 
‘trial biopsy, or phene citrate or tients conceived 
serum proges- clomiphene ci- - 
terone and trate hCG or 
prolactin >25 hMG and hCG 
ng/ml 
Andersen et al, Before-after 12 BBT rise =12- Bromocriptine 2.5 0, 0-27 Euprolactinemic pa- 
1979 design . day, progester- mg b.i.d. : , tients; 0 pregnancies 
one peak <10 during study a 
ng/ml, and/or 
endometrial bi- 
opsy (>2-day 
lag) 
Del Pozo et al.,”? Before-after 8 BBT rise <12 -Bromocriptine 2.5 63 25-92 Hyperprolactinemic 
1979 design days, with mg b.i.d. l patients; 5/8 pa- 
, hyperprolactin- tients conceived 
emia and/or i 
l galactorrhea , 
Lehtovirta et al., Before-after 30 BBT rise =11 . Bromocriptine 2.5 10 2-27  Hyperprolactinemic © 
1979 design days mg b.i.d. and euprolactinemic 
patients; 3/30 pa- 
tients conceived 
Saunders et al.,”! Before-after 15 Endometrial bi- Bromocriptine 3.75 13. 2-4] Euprolactinemic pa- 
1979 design opsy and pro- mg q.d. up to 15 . tients; 2/15 patients , 
gesterone mg q.d. conceived Í 
Treatment with GnRH rd 
Loucopoulos et al,” Before-after 6 Two endometrial GnRH 5 pg intra- ‘ 0 Study wads not de- 
1987 design biopsies (22- venously q. 90 signed to evaluate 
day lag) min l pregnancy rate with ` 
GnRH treatment 
because 5 patients 
had additional in- 
fertility factors 
Treatment with tamoxifen | 
Fukushima et al., Before-aftér 17 BBT rise-<12 Tamoxifen 10 mg 35: . 14-62 6/17 Patients con- 
1982 design days and infer- q.d. (cycle days ceived 
tility >l yr 5-9) 
Treatment with various agents l 
Daly et al., 1983 Before-after 41 Two endometrial a. Progesterone 8l 65-91 33/4] Patients con- 
design biopsies (=2- suppositories 25 , - ceived 
day lag) mg b.i.d. l 
b. Clomiphene ci- 
trate 50 mg q.d. 
cycle days 5-9 
c. Progesterone 
‘suppositories 
and clomiphene 
citrate 
d. 75 mIU FSH 
and 75 mIU LH 
Annos et al., 1980 Before-after 14 Two endometrial a. No treatment ' 36 13-65 5/14 Patients con- 
design l biopsies (=2- b. Progesterone ceived and one had 
l day lag) or two suppositories 25 miscarriage; none 
of these three: mg b.i.d. conceived during 
(a) BBT rise . c. Clomiphene ci- ` no-treatment cycles 
11 days, (b) trate 50 mg 
one endome- q.d. X 5 days 
trial biopsy l 
(=2-day lag), 


or (3) low se- 
rum progester- 
one 





BBT, Basal body temperature; FSH, follicle-stimulating hormone; ACG, human chorionic gonadotropin; hMG, human meno- 
pausal gonadotropins; GnRH, gonadotropin-releasing hormone; LH, luteinizing hormone. 


*By binomial distribution. 
Patients were diagnosed with shortened luteal phase; however, the diagnosis of luteal phase deficiency was not confirmed. 


+Endometrial biopsies were performed 3 to 4 days after ovulation, in contrast to the usual sampling time of 1 to 2 days before 
menses. 
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mocriptine in patients with hyperprolactinemia. One 
study” used gonadotropin-releasing hormone and re- 
ported no pregnancies; however, this report was nct 
designed to evaluate pregnancy rates, because the pz- 
tients had other known factors causing infertility. 
Another” reported treatment with tamoxifen; th= 
pregnancy rate was 35%, although a suboptimal cas= 
definition of luteal phase deficiency was used (basal 
body temperature rise of less than 12 days and infer- 
tility >1 year). Finally, two other studies**" with various 
treatments (Table II) reported pregnancy rates of 36% 
and 81%, respectively. As shown in Table III, the 95% 
confidence limits for these pregnancy rates tend to 
overlap widely, indicating a lack of significant differ- 
ence between them. 


Comment 


Treatment of luteal phase deficiency, which may af- 
fect as many as 200,000 women in the United States, 
has not been shown to improve pregnancy rates sig- 
nificantly. Furthermore, luteal phase deficiency is con- 
sidered an international problem, evidenced by the fac: 
that our review encompassed articles from several con- 
tinents. 

Whether progesterone treatment is superior to nc 
treatment or to treatment with clomiphene citrate or 
other therapy is not established. While some studies 
have reported benefit of treatment, the improvement 
could easily have been due to chance or regression tc 
the mean. Clearly, larger and better studies are needed. 

Several methodologic problems preclude an assess- 
ment of the usefulness of treating luteal phase defi- 
ciency. First, little consensus exists concerning the case 
definition. Although the American Fertility Society! ac- 
knowledges that luteal phase deficiency is one of the 
three known ovulatory disorders, they do not specifi- 
cally define it. Instead, they note zhat “sustained ele- 
vation of temperature of less than 10 days duration 
suggests, but is not diagnostic of, luteal dysfunction.” 
The society goes on to state that “correlation of serum 
progesterone levels with dating of the endometrial bi- 
opsy is not good” and therefore that “the BBT chart 
and the endometrial biopsy are better than a single 
progesterone determination in evaluating the adequacy 
of the luteal phase.” | 

Similarly, The American College of Obstetricians and. 
Gynecologists’ states that “luteal phase defect’ is a term. 
applied to a poorly understood group of subtle hor- 
monal alterations clinically linked with infertility and 
habitual abortion. The diagnosis is suggested by an el- 
evation in basal body temperature lasting 10 days or 
less (short luteal phase) or an endometrial biopsy that 
is histologically more than 2 days out of phase.” Without 
a clear, specific, and measurable case definition of this 
disorder, comparison of reports of treatment efficacy 
is impossible. 

A second challenge is the inadequate method used 
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to date to study treatment efficacy. Randomized con- 
trolled trials are acknowledged to be the gold standard 
for comparing Interventions,” yet we were able to find 
only two such studies.'® *’ Neither adhered to the ac- 
cepted rules governing the conduct and reporting of 


‘such studies,*** so these may be more appropriately 


considered cohort studies. Another study” claimed to 
have used “random” allocation to treatments but ac- 
tually used alternate assignment, a nonrandom tech- 
nique, This allocation also appears to have failed since 
the number of patients assigned to the two treatments 
differed by two, which should not occur with alternate 
assignment. 

Observational studies, such as cohort studies, are sub- 
ject to selection bias, ascertainment bias, and confound- 
ing. None of these potentia- biases was adequately ad- 
dressed in the other two cohort studies.* 

The most common type of report was the before- 
after design, in which outcome (pregnancy rate) is as- 
sessed before and after an exposure (e.g., progesterone 
treatment). In general, descriptive studies of this type 
do not allow causal inferences about treatment benefit 
to be drawn. Pregnancies occurring after treatment 
may reflect either biologic variation or spontaneous 
conception rates independent of treatment.'* For ex- 
ample, Murray et al.” documented three biopsy-proved 
cases of luteal phase deficiency in which the patient 
conceived before the start o7 treatment. 

A third problem in evaluating this literature is neglect 
of the phenomenon of regression to the mean. When 
a variable is extreme on its first measurement (e.¢., 
elevated blood pressure or endometrial biopsy out of 
phase), the variable has the tendency to be closer to the 
mean of the population distribution on later measure- 
ments.*° Stated alternatively, abnormal measurements 
tend to be more normal when repeated later. This prob- 
lem relates to all before-after studies of luteal phase 
deficiency treatment that we identified. Although sta- 
tistical methods are available to correct for the effect 
of regression to the mean,” none of these reports used 
them. 

A fourth problem is the inadequate power of pub- 
lished studies to date. A type II (or B) error is the 
likelihood of reporting no significant difference be- 
tween two groups when a difference of a given mag- 
nitude exists in the population. A type H error can be 
considered a false-negative conclusion fram a study. 
Power is the likelihood of avoiding a type II error. 
Stated alternatively, power is che likelihood of detecting 
a difference of a given size in the population if such a 
difference exists. As shown in Table II, all of the com- 
parative studies had inadequate sample sizes to answer 
the question of treatment efficacy. The largest number 
of patients studied in experimental or analytic studies 
was 82,°* and no study had a power approaching 80%, 
usually considered the minimum acceptable power. 
The problem of inadequate sample size and power is 
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not limited to studies of luteal phase deficiency,” but 
it is prevalent in infertility research.” As stated by 
Hughes, “Unfortunately, even well-designed, random- 
ized, controlled trials in the area of infertility rarely 
have sufficient statistical power to demonstrate small 
but clinically significant differences between treatment 
and control groups.”* 

Several steps need to be taken to establish the efficacy 
of treatment of luteal phase deficiency. First, physicians 
treating infertility need to develop a uniform case def- 
inition for this condition. Any evaluation of efficacy 
must be predicated on a measurable and reproducible 
definition of the disorder in question. Second, more 
rigorous study designs are needed. Before-after studies 
cannot be used to support claims of effectiveness, unless 
significant differences in pregnancy rates are seen.” 
This has not been the case. Observational studies, such 
as cohort studies, are subject to bias. Hence, random- 
ized controlled trials are needed to address this 
question, 

Finally, studies of the efficacy of luteal phase defi- 
ciency treatment must be larger. A single large study 
of adequate sample size would be far more valuable 
than the current plethora of small studies with inade- 
quate power.” Calculations of sample size and power 
should be done before a study is begun.” If single cen- 
ters cannot provide sufficient numbers, then collabo- 
rative efforts may be required. The American Fertility 
Society’s Symposium on Progesterone, Progestins and 
Fetal Development’ recognized this need and stated 
that “it is theoretically possible that a multicenter pro- 
tocol could provide a large number of patients with a 
disease entity such as LPD who could be examined and 
analyzed within a relatively short period of time.” This 
statement was made more than a decade ago, yet no 
such study has been published. Research conducted 
under the auspices of the Gynecologic Oncology Group 
is a prototype for this type of collaboration., 

Rating scales have been developed™ to evaluate the 
quality of scientific evidence and the strength of clinical 
recommendations that can be based on that evidence. 
This review indicates that the quality of evidence con- 
cerning treatment of luteal phase deficiency is primarily 
class ITI (i.e., descriptive studies and recommendations 
of infertility experts). The strength of recommenda- 
tions regarding treatment of luteal phase deficiency is 
class C: There is insufficient evidence to make 
recommendations concerning treatment of luteal 
phase deficiency.” A clear case definition of luteal phase 
deficiency, more rigorous scientific standards, and 
larger sample sizes will be required to remedy this sit- 
uation. 
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Failure of ritodrine to prevent preterm labor in the sheep 


Stephen J. Lye, PhD, >° Brian A. Dayes, BSc, Christian L. Freitag, MSc,”* 


Julie Brooks, PhD, and Robert F. Casper, MD? 


Toronto and London, Ontario, Canada 


OBJECTIVES: The purpose of this study was to determine whether continuous infusion of ritodrine could 


prevent preterm delivery in sheep. 


STUDY DESIGN: Sheep in preterm labor induced by RU 486 (mifeprisione) received infusions of either 
ritodrine (n = 5) or saline solution (7 = 5), and the progress of labor was monitored. B.-Adrenergic 
receptor density and function (agonist-induced cyclic adenosine monophosphate production) was 


measured in myometrial samples from both groups. 


RESULTS: Ritodrine initially inhibited labor contractions. This inhibition was only maintained for 16 hours, 
after which both the amplitude and frequency of electromyographic bursts and contractions returned. The 
failure of the myometrium to respond to ritodrine (desensitization) was associated with significant 
reductions in agonist-induced cyclic adenosine monophosphate production and B.-adrenergic receptor 
concentration in myometrial tissue collected from these animals compared with the saline solution—treated 


controls. 


CONCLUSIONS: Continuous infusion of ritodrine to sheep in preterm labor produces only a transient 
inhibition of contractions. This desensitization is caused by a down-regulation of myometrial B,-adrenergic 


receptors. (Am J OBSTET GYNECOL 1992;167:1399-408.) 


Key words: Preterm labor, tocolysis, B.-adrenergic agonists, sheep, uterine contractions 


Although the most widespread treatment for pre- 
term labor is the continuous infusion of a selective B.- 
adrenergic agonist, the efficacy of this therapy has been 
questioned.’ Clearly these agents are potent inhibitors 
of myometrial contractile activity” *; however, their clin- 
ical use for the prevention of preterm delivery requires 
that they maintain their effectiveness for long periods 
to significantly improve neonatal outcome. Surpris- 
ingly, in vivo studies analyzing the continuous changes 
in myometrial contractile activity during B.-adrenergic 
agonist administration over long periods have not been 
conducted. Studies with short-duration (several hours) 
infusions of B,-adrenergic agonists have clearly shown 
an inhibitory effect on uterine contractions in both 
pregnant? and nonpregnant* women. Similar findings 
have been made in a number of animal species, in- 
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cluding the sheep’ and rat. We and others have also 
demonstrated the acute inhibition of myometrial con- 
tractions by B,-adrenergic agonists in vitro in humans? 
and animals.’ However, if exposure to the agonist is 
prolonged, we have observed in the human’ and sheep’ 
that contractions return even though the drug remains 
active; the myometrium has become desensitized to the 
B.-adrenergic agonist. We have obtained similar results 
in vivo during experiments in nonpregnant sheep.® In 


' these studies a continuous infusion of the B,-adrenergic 


agonist isoproterenol was only able to maintain myo- 
metrial inhibition for about 45 minutes, after which 
both the frequency and amplitude of uterine contrac- 
tions returned to preinfusion levels. There are no re- 
ports examining the ability of 3,-adrenergic agonists to 
inhibit contractions during preterm labor in animal 
models. 

B.-Adrenergic agonists function by increasing intra- 
cellular levels of cyclic adenosine monophosphate 
(cAMP), which in turn is believed to inhibit the activity 
of regulatory contractile proteins (e.g., myosin light- 
chain kinase). We and others”® have shown that during 
in vitro desensitization the ability of the myometrium 
to generate cAMP in response to B,-adrenergic agonists 
is suppressed. 

In addition to concerns as to the efficacy of these 
drugs, a number of side effects associated with agonist 
therapy have been reported. Changes in the endocrine 
environment have also been observed during infusion 
of B,-adrenergic agonists. In nonpregnant’® and 
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pregnant"! (not in labor) sheep plasma concentratior.s 
of stimulatory prostaglandins were elevated during ir- 
fusion of isoproterenol. Although prostaglandins have 
potent effects on the contractile activity of both vascular 
and myometrial smooth muscle, the consequences cf 
their elevation during B,-adrenergic agonist infusion is 
not known. There is little information concerning the 
effects of long-term B,-adrenergic agonist administre- 
tion on the fetus. 

In view of the controversy surrounding the use cf 
B.-adrenergic agonists, we conducted our study to de- 
termine the effects of prolonged infusions on both uter- 
ine contractile activity and on maternal and fetal car- 
diovascular parameters. Specifically, we asked thes2 
questions: (1) Will the clinically used B,-adrenergic ag- 
onist ritodrine produce long-term inhibition of uterine 
contractile activity in sheep in preterm labor? (2) If not, 
what are the biochemical mechanisms associated with 
this desensitization? (3) What is the effect of prolonged 
B.-adrenergic agonist administration on maternal and 
fetal heart rate and fetal breathing movements? (4) Is 
B.-adrenergic agonist administration associated with 
changes in maternal or fetal plasma concentrations of 
prostaglandins? 


Materia! and methods 


Animals. Surgery was conducted on 10 sheep o? 
mixed breeds at 113 to 118 days of gestation. With the 
sheep under general anesthesia vascular catheters 
(model V11, Bolab, Lake Havasu City, Ariz.) were 
placed into the fetal carotid artery and jugular vein anc 
into the fetal trachea (to record fetal breathing move- 
ments). Vascular catheters (model V4, Bolab) were alse 
inserted into the maternal femoral artery and vein 
Uterine contractile activity (intrauterine pressure) was 
monitored continuously by means ef amniotic catheters 
(Bolab); multifilament stainless steel electrodes (Cooner 
Wire Corp., Chatsworth, Calif.) sewn into the myo- 
metrium were used to monitor electromyographic ac- 
tivitv. Analgesics and prophylactic antibiotics were ad- 
ministered after surgery, and the animals were allowed 
=7 days to recover before experiments were begun. 

Protocol. Preterm labor was induced in all 10 sheep 
by the administration of the progesterone receptor an- 
tagonist RU 486 (mifepristone) 10 mg/kg subcutane- 
ously (Roussel Uclaf). At this dosege we were able to 
induce labor (defined as contractions of frequency >25 
per 2 hours, duration of <1 minute, and amplitude of 
>5 mm Hg) in 44.2 + 4.2 hours. The pattern of in- 
trauzerine pressure and electromyographic activity in 
animals in which labor was induced with RU 486 was 
identical to that seen in spontanecus term or cortico- 
tropin-induced preterm labor in skeep. Once preterm 
labor was established, the sheep were divided at ran- 
dom into two groups to receive either (1) saline (control) 
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1 ml/hour or (2) ritedrine 3 g/kg/min (i.e., approx- 
imately 10 mg/hr to the pregnant ewe) via the maternal 
femoral vein catheter. The infusions were continued 
until high-amplitude uterine contractions with signs of 
maternal discomfort’ (curling of the lip or superim- 
posed abdominal straining movements) were observed. 
‘These symptoms are normal features of advanced labor 
in sheep and are usually an indication that delivery is 
imminent. To confirm that the return of labor con- 
tractions in ritodrine-treated animals was the result of 
myometrial desensitization the infusion rate of the ag- 
onist was doubled at 20- to 30-minute intervals up to 
80 mg/hr and the effects on electromyographic and 
intrauterine pressure activity monitored. Animals were 
then killed (overdose of pentobarbital sodium). Deliv- 
ery was not used as an end point in this study for two 
reasons: (1) Although RU 4865 reliably induces the high- 
activity pattern of uterine activity indicative of labor, 
the cervices of these animals undergo variable degrees 
of softening and dilatation, with some animals showing 
only a small change (thus impeding delivery of the 
lamb); (2) we wished to collect myometrial tissue for 
biochemical analysis of the Zunctional integrity of the 
Bo-adrenergic receptor system. 

Blood samples (10 ml) were withdrawn from the ma- 
ternal femoral artery and femoral vein catheters at 30- 
minute intervals from 60 minutes before to 180 minutes 
after commencement of either ritodrine or saline in- 
fusions. Samples were also withdrawn at 60 minute in- 
tervals from the fetal carotid artery. The samples were 
collected into ice-cold, heparinized tubes and centri- 
fuged (1500g for 10 minutes at 4° C); the plasma was 
removed and stored at — 20° C until assayed for 13,14- 
dihydro-15-keto-prostaglandin F,, (PGFM), progester- 
one, and estradiol-178 (maternal samples) or prosta- 
glandin E (PGE,) (fetal samples). Samples were also 
collected for determination of maternal and fetal blood 
gases (blood gas analyzer, ABL3, Corning, Medfield, 
Mass.). 

-Polygraph monitoring. Intrauterine pressure, ma- 
ternal and fetal blood pressure, and fetal breathing 
movements (tracheal pressure) were monitored by con- 
nection of the appropriate catheters to pressure trans- 
ducers (model P23, Statham, Spectramed, Oxnard, 
Calif.) and the signals passed through a preamplifier 
(model 7P1, Grass Instruments, Quincy, Mass.). Mea- 
surements of maternal and fetal heart rate were ob- 
tained by processing the preamplifier output through a 
tachograph (Grass). The myometrial electromyo- - 
graphic signal was processed through a wide-band AC 
preamplifier (model 7P5, Grass) with the use of a one- 
half amplitude, low-frequency filter of 0.3 Hz and a one- 
half amplitude, high-frequency filter of 10 kHz. All sig- 
nals were recorded on a polygraph (model 78, Grass). 

Data analysis. The frequency and mean maximum 


Volume 167 
Number 5 


amplitude of electromyographic bursts and intrauter- 
ine pressure cycles (contractions) were calculated in 


each 2-hour period from 10 hours before the admin- . 


istration of saline solution—ritodrine until the comple- 
tion of the experiment. Values for fetal and maternal 
blood pressure and heart rate were recorded at 5-min- 
ute intervals and the mean calculated over five 4-hour 
periods: (1) before administration of RU 486; (2) 4- 
hour period before saline solution—ritodrine; (3) 4- 
hour period after start of saline solution—ritodrine; (4) 
4-hour period from +8 to +12 after start of saline 
solution—ritodrine; and (5) 4-hour period before the 
end of the experiment, when abdominal straining 
movements were present. Fetal breathing movements 
were defined as negative deflections in trachea! pres- 
sure of at least 2 mm Hg occurring in bursts of =30- 
second durations. The mean percent time spent breath- 
ing was calculated for each of the five time periods. 

Myometrial cAMP generation. The integrity of Bə- 
adrenergic receptor function in the myometrium of 
saline- and ritodrine-infused animals was examined in 
vitro at the conclusion of the experiment. Samples of 
myometrial tissue were collected at autopsy into 
Krebs’ Ringer bicarbonate buffer containing 4.6 
mmol/L potassium chloride, 1.16 mmol/L magnesium 
sulfate heptahydrate, 1.16 mmol/L sodium phosphate 
monobasic, 2.5 mmol/L calcium chloride dihydrate, 
115.5 mmol/L sodium chloride, 21.9 mmol/L sodium 
bicarbonate, and 11.1 mmol/L dextrose, pH 7.4. Myo- 
metrial strips (2 X 2 X 15 mm) were cut from the sam- 
ple, and approximately 100 mg tissue was incubated in 
5 ml of Krebs’ at 37° C for 30 minutes to equilibrate. 
The strips were then placed in fresh Krebs’ (5 ml) con- 
taining 0, 0.1, 1.0, 10, or 100 pmol/L isoproterenol. 
After 5 minutes the strips were rapidly frozen on dry 
ice and stored at —70° C. 

The frozen myometrial strips were subsequently 
weighed and minced in 1.5 ml ice-cold 5% trichloro- 
acetic acid containing 0.5 mmol/L isobutylmethylxan- 
thine (a phosphodiesterase inhibitor). The samples 
were homogenized (Brinkman Polytron, Sybron-Brink- 
man Canada, Rexdale, Ontario; setting 10, 10-second 
pulse x4). Samples were spun at 10,000¢ for 10 min- 
utes at 4° C. The pellet was redissolved in 2 ml of 0.1N 
sodium hydroxide for protein determination with bo- 
vine serum albumin (type IV, Sigma Chemical, St. 
Louis) as a standard. Aliquots of supernatant (3 x 100 
ul) were dried under air and each brought up in 0.5 
ml of 50 mmol/L sodium acetate buffer, pH 6.2. 

Myometrial B,-adrenergic receptor analysis. Prep- 
aration of myometrial membrane fraction and subse- 
quent analysis of ligand binding was carried out with 
a method similar to that of Dattel et al.” 

Myometrial membrane preparation. Frozen tissue 
(collected at autopsy) was pulverized on dry ice and 
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homogenized (2 x 80-second pulse at 8000 rpm; 
Ultra-Turrex T25 Polytron, Terochem Laboratories, 
Mississauga, Ontario) in 50 mmol/L Tris—1 mmol/L 
ethylenediaminetetraacetic acid buffer (pH 8.0). Ho- 
mogenized tissue was centrifuged at 1000g for 15 min- 
utes at 4° C, and the supernatant retained on ice. The 
pellet was resuspended in Tris—ethylenediaminetetra- 
acetic buffer and the homogenization repeated. The 
homogenates were combined and centrifuged at 
40.000g for 30 minutes at 4° C. The pellet was retained 
and resuspended in 50 mmol/L Tris—4 mmol/L mag- 
nesium chloride buffer (pH 7.4), and the centrifugation 
step was repeated. The resulting pellet was suspended 
in 1 ml Tris—magnesium chloride buffer and frozen at 
~— 70° C for future receptor assay. 

B.-Adrenergic receptor assay. Frozen membrane 
preparations were thawed and uniform suspensions ob- 
tained by brief homogenization with a Teflon wand— 
glass dounce homogenizer. Protein content was deter- 
mined as described above. Aliquots of the membrane 
preparation (20 to 30 wg protein) were incubated in 
the presence of varying concentrations of the antago- 
nist iodine 125-—labeled cyanopindolol (6 to 200 
pmol/L, Amersham, Oakville, Ontario) for 60 minutes 
at 30° C. Incubations were terminated via rapid vacuum 
filtration with cold Tris—magnesium chloride buffer 
through filters (Whatman GF/C, Whatman Limited, 
Maidstone, England). Radioactivity retained on the fil- 
ters was counted (LKB 1282 Compugamma Universal 
y-counter, Fisher Scientific, Toronto). Nonspecific 
binding was defined as binding in the presence of 10 
wmol/L isoproterenol. 

Radioimmunoassays. The arterial and venous con- 
centrations of PGE, and PGFM in 500 wl aliquots of 
plasma were estimated by specific radioimmunoassays 
that have been fully characterized and validated for 
sheep plasma." In brief, plasma was acidified (to pH 
3) with hydrochloric acid and the prostaglandins ex- 
tracted with diethyl ether (8 volumes). The ether ex- 
tract was evaporated to dryness under nitrogen, and 
the samples were reconstituted with phosphate-buff- 
ered saline solution and incubated with specific antisera 
and tritiated prostaglandins (PGE,, New England Nu- 
clear, Lachine, Quebec; PGFM, Amersham). The in- 
terassay and intraassay coefficients of variation for each 
prostaglandin were <11% and <9%, respectively. 

Estradiol and progesterone were measured by spe- 
cific radioimmunoassays with antisera that have been 
validated for sheep plasma.'*:'® Both assays involved 
prior extraction of the plasma. Petroleum ether (40 
volumes) was used to extract progesterone (from 50 pl 
plasma) and diethyl ether (5 volumes) used to extract 
estradiol (from 1000 yl plasma). After evaporation of 
the solvent extract, samples were reconstituted in phos- 
phate-buffered saline solution and incubated with spe- 
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Fig. 1. Frequency (mean + SEM) of contractions (intrauterine pressure cycles) during 10 hours 
before and 20 hours after start of ritodrine (solid circles) or saline (open ‘squares) infusion to sheep 


(n = 5 for each group) in preterm labor. 


cific antisera and tritiated steroids. The interassay and 
intraassay coefficients of variation for each prostaglan- 
din were <12% for each assay. 

Radioimmunologic measurement of cAMP content 
in myometrial extracts was performed according to the 
metnods previously described; the antisera used had 
0.001% cross-reactivity with adenosine and adenosine 
diphosphate and <0.001% against adenosine mono- 
_ phosphate, adenosine triphosphate, guanosine mono- 
phosphate, and cyclic guanosine monophosphate.” 
The samples and standards were acetylated by addition 
_ of 15 pl of triethylamine/acetic anhydride (2:1) fol- 

lowed by immediate mixing and incubated overnight 
with antisera and iodinated cAMP. After a charcoal 
separation, bound trace was counted (Tracor y-counter, 
` Elk Grove Village, Ill.). The interassay and intraassay 
coefficients of variation were 11%. 

Statistical analysis. Where appropriate, data were 
subjected to analysis of variance (after determining ho- 

mogeneity of variance) to test for significant differences 
- between group means. 

Institutional review. The animal protocols described 
in this report were reviewed and found acceptable by 
the institutional animal care committee. 


Results 


Labor was established in all sheep after the admin- 
istration of RU 486 (mean 44.2 + 4.2 hours). At the 
time of assignment of sheep to either the saline solution 
- or ritodrine groups uterine contraction frequency was 
approximately 30 per 2 hours and amplitude was 15 
' mm Hg. Commencement of ritodrine infusion to five 


sheep resulted in an immediate and near-total inhibi- 
tion of both the electrical and mechanical activity of the - 
uterus; ritodrine infusion was also associated with an 
abrupt rise in maternal heart rate. Over the first 2 hours 
of ritodrine treatment the frequency (from 41.8 + 2.9 
to 18.4 + 1.34; Fig. 1) and amplitude (from 17.7 + 1.4 
to 10.0 + 0.7; Fig. 2) of intrauterine pressure cycles . 
(contractions) was significantly reduced.: Similar 
changes were seen in‘ electromyographic activity with 
the frequency (from 34.2 = 2.7 to 17.4 + 3.1 bursts 
per 2 hours) and amplitude (from 1.28 + 0.11 mV to 
0.69 + 0.06 mV) both being significantly reduced. The 
duration of électromyographic bursts, significantly re- 
düced with the onset of labor (from 6.83 + 0.37 min- — 
utes before RU 486 administration to 0.96 + 0.08 min- — 
utes 44 hours after RU 486), did not change throughout 
the saline and ritodrine infusions. In spite of this initial 
inhibition, uterine quiescence could.not be maintained. 
Electromyographic burst frequency and amplitude re- 
mained significantly reducec. for only 12 and 14 hours,. . 
respectively, before increasing to values found before 
the commencement of the ritodrine infusion. Intra- - 
uterine pressure changes followed a similar course, al- 
though contraction frequency.and amplitude was still 
significantly below preinfusion levels at +16 and +18 
hours, respectively; this resulted in a period when there 
was a degree of dissociation between electromyographic 
activity, which had fully returned, and amplitude of 
uterine contractions, which remained inhibited. 
Control animals infused’with saline solution exhib- 
ited a steady increase in uzerine contractile activity, 
reaching a plateau of ~50 contractions per 2 hours and 
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| Fig. 2. Mean maximum amplitude (mean + SEM) of contractions (intrauterine pressure cycles) 
during 10 hours before and 24 hours after start of ritodrine (open squares) or saline (solid circles) 
infusion to sheep (n = 5 for each group) in preterm labor. 


an amplitude of ~18 mm Hg. Within 24 hours of the 
start of the infusions there was no significant difference 
between the parameters of uterine activity between the 
control and experimental groups (Figs. 1 and 2). 

At the time of apparent desensitization, increasing 
the infusion of ritodrine to very high levels had no 
_ effect on either the frequency or amplitude of uterine 
contractions (Fig. 3), although there was a small but 
significant (p < 0.05) increase in maternal heart rate 
(+8.8 beats/min at 20 mg/hr and +9. 1 beats/min at 
40 mg/hr). ` 

The mean duration from the onset of saline or rito- 
drine infusion to the occurrence of abdominal straining 
- movements was 16.9 == 5.8 hours and 24.4 + 3.4 
hours, respectively (p > 0.05). The mean duration 
from the administration of: RU 486 until termination 
of the experiment was also not significaritly different 
between the two groups (66.3 + 6.5 in saline solution— 
treated and 60.5 + 7.5 hours in. ritodrine-treated 
animals).° 

Myometrial isoproterenol-stimulated cAMP produc- 
tion and the density of B.-adrenergic receptors (Fig. 4) 
were both significantly. reduced in samples collected 
from animals that had received ritodrine infusions com- 
pared with the saline solution controls. In spite of the 
reduction in By-adrenergic receptor density, the binding 
affinity (dissociation constant) was not significantly al- 
tered by the exposure to ritodrine (ritodrine 38.5 + 6.6 
pmol/L vs saline solution 56.5 + 10.7 pmol/L). 

Adminstration of ritodrine was associated with a sig- 
nificant {p < 0.05) increase’in maternal heart rate over 
the first 4 hours of the infusion (from 118.4 + 5.4 to 


161.2 + 5.3 beats/min; Fig. 5). Maternal heart rate 
subsequently fell to intermediate values (134.6 + 3.3 
beats/min) by 8 to 12 hours and remained at this level 
throughout the remainder of ritodrine treatment. Al- 
though this level was approximately 17 beats/min 
above the preritodrine infusion rate, it was not signif- 
icantly different from this baseline (preinfusion) value . 
or from the rate during the first 4 hours of ritodrine 
treatment. There was no significant change in maternal 
heart rate during saline infusion. Administration of 
either saline solution or ritodrine had no significant 
effect on fetal heart rate. 

Fetal breathing movements (calculated as percent 
time spent breathing) were significantly inhibited with 
the onset of RU 486—induced labor, which was associ- 
ated with a significant increase in fetal plasma PGE, con- 
centrations. In spite of the initial inhibition of labor con- 
tractions after commencement of ritodrine administra- 
tion, fetal breathing movements remained suppressed 
throughout the remainder of the study ( Fig. 6). 

The blood samples collected at 30-minute intervals 
during the infusions revealed a significant increase in 
maternal arterial (+ 63.6 +.12.6%, Fig. 7) and venous 
(+44.5 + 6.2%) plasma concentrations of PGFM in an- 
imals treated with ritodrine, with no significant changes 
in saline solution—treated animals. This increase was 
superimposed on PGFM levels already increased as a 
result of the onset of labor. No significant changes were 
observed in maternal plasma estradiol (which ranged 
between 8.8 and 12.8 pg/ml for saline solution and 9.9 
and 12.7 pg/ml for ritodrine), progesterone (range be- 
tween 11.5 and 16.7 ng/ml for saline solution and 11.5 
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Fig. 3. Recording trace showing lack of response of myometrium to increasing infusion rate of 
ritodrine to an animal in which drug had failed to maintain uterine inhibition (1.e., desensitization). 
Acute increases in ritodrine infusion rate were conducted 20 hours after initiation of tocolytic 
(ritodrine) therapy. In contrast, a significant though small increase in maternal heart rate was 
observed. 7P, Fetal tracneal pressure from which intrauterine pressure signal was measured; MAT 
HR, maternal heart rate. 
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Fig. 4. Isoproterenol 100 zmol/L—induced cAMP production (mean + SEM) and B-adrenoceptor 
concentration (mean + SEM) of myometrial strips from animals in preterm labor that had received 
an infusion of. either saline solution (n = 4) or ritodrine (n = 5). Asterisk, Significant (p < 0.05) 
reduction in parameters in sheép that had received chronic ritodrine infusions and had exhibited 
desensitization compared with controls. | 


Volume 167 
Number 5 


Failure of ritodrine to prevent preterm labor 1405 


© SALINE 
Ritodrine @ RITODRINE 
180 or Spre 
WHILLLTITLLLLLLLLLLIELLLLLLLLL 


160 b 


N 
140 l / 5s : 


| 


~ 


MATERNAL HEART RATE 
(bpm) 


120 


100 


Pregnancy Labour 
(d125) 


+Ritodrine 
or Saline hr 





+8 to 12 Labour 


Fig. 5. Maternal heart rate mean + SEM in animals randomized to ritodrine (solid circles; n = 5) or 
saline solution (open circles; n = 5) treatment groups, measured during five 4-hour blccks (1) at day 
125 of pregnancy (before RU 486 administration); (2) during active labor (44.2 + 4.2 hours after 
RU 486 administration); (3) during first 4 hours of ritodrine-saline infusion; (4) during period +8 
to +12 hours of ritodrine-saline infusion; and (5) during a 4-hour period when labor contractions 
had returned in ritodrine-treated animals (approximately 16 to 20 hours into infusion) or before 
imminent signs of delivery in saline solution—treated animals. There was a significant increase 
(asterisk) in heart rate in ritodrine-treated animals during first 4 hours of infusion compared with 
either saline-infused controls or ritodrine group before infusion. 


and 18.7 ng/ml for ritodrine), or in fetal PGE, (2.1 to 
2.7 ng/ml for saline solution and 1.8 to 2.0 ng/ml for 
ritodrine) concentrations during either of the infusions. 


Comment 


These data demonstrate that the prolonged, contin- 
uous infusion of the B,-adrenergic agonist ritodrine to 
sheep in preterm labor, although initially producing an 
inhibition of uterine contractile activity, was unable to 
maintain this inhibition and failed to significantly pro- 
long the length of gestation. Furthermore, this failure 
was associated with a desensitization of myometrial me- 
chanical, electrical, and biochemical responsiveness to 
B.-adrenergic agonists. The data support our previous 
studies of the effects of these agonists on myometrial 
contractile activity in vivo in the nonpregnant sheep® 
and in vitro in the sheep,’ human,’ and, in the study 
of Caritis et al., in pregnant sheep not in labor. Myo- 
metrial desensitization to B.-adrenergic agonists has 
also been demonstrated in vitro in human tissue after 
treatment with these drugs for the prevention of pre- 
term labor.* * A particular strength of our study has 
been our ability to correlate treatment outcome with 
both in vivo contractile activity measurements and also 
biochemical parameters defining the myometrial re- 
sponsiveness to B,-adrenergic agonists. 

B.-Adrenergic agonists interact with specific recep- 


tors on the myometrial cell membrane to activate, via 
a guanosine triphosphate—binding protein, adenylate 
cyclase, and thereby increase intracellular cAMP levels. 
cAMP activation of cAMP-dependent protein kinase is 
believed to reduce the activity of the key regulatory 
enzyme myosin light-chain kinase or reduce the avail- 
ability of intracellular calcium. However, the extent to 
which these mechanisms operate in vivo in the myo- 
metrium, and hence the role of these components in 
the desensitization process, is not known. The data 
from the present study have demonstrated that the 
failure of contractile inhibition is associated with a de- 
crease in B.-adrenergic agonist—induced cAMP pro- 
duction by the myometrium, suggesting a failure in 
components of the PB ,-adrenergic receptor system 
that act before cAMP. Our finding of a significant de- 
crease in the concentration of myometrial B,-adren- 
ergic receptors in sheep receiving ritodrine strongly 
suggests that receptor down-regulation may be at least 
one of the mechanisms involved in this desensitization. 
To prove that the myometrium (of animals receiving 
ritodrine) was indeed desensitized we tested whether 
increased infusion rates of the drug could inhibit ac- 
tivity before tissue collection. It is possible that the re- 
ceptor down-regulation was the result of these acute 
higher infusion rates rather than the continuous in- 
fusion of ritodrine and hence was not causally related 
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Fig. 6. Percent time mean + SEM spent breathing for sheep fetuses in ewe randomized to ritodrine 
(solid triangles; n = 5) or saline solution (open circles; n = 5) treatment groups, measured during five 
4-hour blocks, (1) at day 125 of pregnancy (before RU 486 administration); (2) during active labor 
(44.2 + 4.2 hours after RU 486 administrat.on); (3) during first 4 hours of ritodrine or saline 
infusion; (4) during period +8 to +12 hours of ritodrine-saline infusion; and (5) during a 4-hour 
period when labor contractions had returned in ritodrine-treated animals (approximately 16 to 20 
hours into infusion) or before imminent signs of delivery in saline solution—treated animals. As 
expected, percent time spent breathing for sheep fetuses was significantly inhibited with onset of 
labor. Percent ume spent breathing showed no subsequent change even though labor contractions 
were inhibited during ritodrine infusion. 
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Fig. 7. Percentage (mean + SEM) change in >lasma concentrations of maternal arterial (femoral) 
13, 14-dihydro-15-keto-PGF,, during 60 minutes before and first 180 minutes of infusion of ritodrine 
(solid circles; n = 5) or saline solution (open squares; n = 4) to sheep in preterm labor, Data were 
obtained by calculating mean plasma PGFM concentration at the — 60, — 30, and 0 time points for 
each ewe. This mean was used to calculate percentage change in PGFM throughout experimental 
period for each ewe and mean values for treatment groups were derived from these data. 





to the desensitization phenomenon. We believe this ta 50% decrease in B -adrenergic receptor number that 
be unlikely because (1) Caritis etal., using similar dos- was associated with a failure of the agonist to maintain 
ages of ritodrine (1 to 4 g/kg/min) as a steady-state myometrial inhibition when challenged with an oxy- 


infusion in pregnant sheep (not in labor), also found a tocin bolus and (2) in in vitro studies’ we have found 
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that the reduction in B,-adrenergic receptor number 
and cAMP production is temporally closely associated 
with the return of contractions. A similar reduction in 
agonist-induced cAMP production and §,-adrenergic 
receptor concentration has also been reported in hu- 
man myometrial samples obtained from patients who 
had received B.-adrenergic agonist treatment to pre- 
vent preterm labor.'® Although we cannot rule out 
additional causes of desensitization (e.g., increased 
phosphodiesterase activity) in our present experimen- 
tal paradigm, we have shown in vitro in the sheep that 
adenylate cyclase itself and the post-cAMP mechanisms 
involved in inhibition of myometrial contractions re- 
main functional during desensitization.’ 

Data from several cell lines suggest that exposure to 
B.-adrenergic agonists leads to an internalization of the 
receptor into cytoplasmic vesicles; removal of the ag- 
onist allows a recycling of the receptor back to the cell 
membrane. Under conditions where agonist exposure 
is prolonged (continuous infusion) it might be pre- 
dicted that there would be an increased probability of 
fusion of the vesicles with lysosomes and hence the 
degradation of the receptors (down-regulation). Sla- 
deczek et al. have reported that replenishment of re- 
ceptors in Ce glioma cells is very slow. This is consistent 
with our failure to recover full myometrial responsive- 
ness in vitro’ and the protracted recovery of mono- 
nuclear leukocyte B.-adrenergic receptor function (5 
to 8 days) after administration of Bo-adrenergic agonists 
to women in preterm labor. This has important clinical 
implications because if myometrial receptors were lost 
during agonist treatment, there might not be sufficient 
time to replenish them; consequently, tocolysis would 
be ineffective. Any method to improve the effectiveness 
of B.-adrenergic agonists must clearly aim to prevent 
this loss of receptor. 

Our data raise questions with regard to the concept 
of “spare” 8,-adrenergic receptors in the myometrium. 
Krall et al.” demonstrated in the rat that 10% receptor 
occupancy was sufficient to induce 50% maximal in- 
hibition and that 50% occupancy imparted full relax- 
ation. However, in the present study a 50% reduction 
in total B.-adrenergic receptor concentration was as- 
sociated with a complete failure of agonist-induced in- 
hibition and a 25% reduction in agonist-induced cAMP 
accumulation. The inability of the remaining 50% of 
receptors to transmit the inhibitory effect of ritodrine 
suggests either that spare receptors do not exist for the 
myometrial ®,-adrenergic receptor system or that 
these binding sites do not represent functionally cou- 
pled receptors. Indeed, the suggestion of Levin et al.” 
that those receptors resistant to down-regulation are 
not coupled to adenylate cyclase and hence are inca- 
pable of eliciting a biologic response is consistent with 
our own data. 

The data from our study are consistent with the re- 
sults of many clinical trials of the effectiveness of Bs- 
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adrenergic agonists in preventing preterm birth. In 
general, these studies have reported a significant but 
small prolongation. of pregnancy but with no significant 
improvement in neonatal outcome. We observed a 
small increase in the length of labor in ritodrine- versus 
saline-infused sheep, although this was not significant 
(probably because of the low sample size). In 5 of 7 
saline-infused sheep the length of labor was <20 hours 
as opposed to only 2 of 5 animals in the ritodrine group. 
In addition, although the amplitude of contractions in 
the ritodrine-infused sheep had returned to pretreat- 
ment levels, it was still significantly lower than that of 
the control animals at the termination of the experi- 
ment. Nevertheless, the return of labor and, perhaps 
most strikingly, the inability to induce any inhibition of 
contractions with dosages of the agonist of up to 80 mg 
per hour, clearly demonstrates the profound loss of 
integrity of the B,-adrenergic receptor system. 

The time course for ritodrine-induced desensitiza- 
tion in our pregnant sheep was considerably longer (16 
hours) than that found in nonpregnant sheep (45 to 
69 minutes).° Mononuclear leukocytes from nonpreg- 
nant women receiving in vivo By-adrenergic agonist ad- 
ministration also exhibit a more rapid desensitization 
than cells from pregnant women, suggesting that a sim- 
ilar phenomenon may occur in the human. Although 
we do not know the mechanisms responsible for this 
effect, we believe it is an important area for future study 
if B,-adrenergic agonist tocolysis is to be made more 
effective. 

The increase in plasma prostaglandin concentrations 
in sheep receiving ritodrine supports our previous ob- 
servations in nonpregnant sheep” and in pregnant 
sheep not in labor“ during infusion of 8.-adrenergic 
agonists. In the pregnant sheep the increase was pre- 
dominantly in the metabolite of PGFs., whereas in non- 
pregnant sheep the major increase was in the E-series 
prostaglandins. In addition, in vitro incubation of in- 
trauterine tissues” with B,-adrenergic agonists also re- 
sults in significant increase in prostaglandin produc- 
tion. The clinical significance of increased stimulatory 
prostaglandin production during infusion of a Brad- 
renergic agonist remains to be determined, though 
clearly if desensitization were to occur the prostaglan- 
dins could act to augment contractile activity. In ad- 
dition, prostaglandins have been shown to reduce the 
effectiveness of B.-adrenergic agonist-induced cAMP 
production in the rat myometrium (heterologous de- 
sensitization), probably by reducing guanosine tri- 
phosphate binding protein coupling or adenylate cy- 
clase activity. Although we were not able to detect ev- 
idence of a reduction in postreceptor functioning of 
the myometrial B.-adrenergic receptor system in vitro, 
we cannot exclude some contribution to the overall fail- 
ure of B,-adrenergic agonist action by prostaglandin- 
induced heterologous desensitization in our study or 
indeed during tocolysis with these drugs in the human. 
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Cn commencement of the ritedrine infusion, the 
stimulation of the myometrial ®,-adrenergic receptor 
system was also accompanied by stimulation of the 
cardiac B,-receptors, resulting in a pronounced mater- 
nal tachycardia. This increase in heart rate has been 
reported in a number of previous studies.’ However, 
our study also demonstrated that this elevation in ma- 
ternal heart rate was maintained, albeit at a reduced 
level throughout the infusion. Furthermore, once 
spontaneous contractions had returned, the augmen- 
tation of the rate of infuson of ritadrine resulted in an 
additional small but significant increase in heart rate 
but no inhibition of contractile activity. These data sug- 
gest that the adrenergic receptor systems responsible 
for inhibition of myometrial activity and stimulation of 
heart rate do not demonstrate the same degree of de- 
sensitization. We found a similar response in nonpreg- 
nant women receiving an infusion of ritodrine. In that 
study desensitization of mononuclear leukocyte re- 
sponsiveness to 8,-adrenergic agonists had occurred af- 
ter 3 hours, although a significant tachycardia (a side 
effect of ritodrine} remained throughout the 6 hours 
of the infusion. 

Ir contrast to the changes in the mother, the fetal 
heart rate showed only small changes throughout the 
infusion period. This may reflect a reduction in pla- 
cental passage of the drug in sheep because adminis- 
tation of ritodrine directly to the fetus does result in a 
tachycardia (unpublished data). It was of interest that 
although there was a significant inhibition of fetal 
breathing movements with the onset of labor as ex- 
pected, no return in the incidence of breathing oc- 
curred during the period when contractile activity was 
inhibited. This lack of return was not the result of any 
deterioration in fetal condition because blood gases re- 
mained satisfactory throughout the experimental pe- 
riod; it likely reflects the maintenance of elevated 
plasma PGE levels. If these data can be extrapolated to 
the human they suggest that the use of fetal breathing 
movements as an indicator of fetal health may not be 
appropriate during tocolysis, at least with B.-adrenergic 
agonists. 

In this report we have shown that inhibition of uter- 
ine contractions during preterm lakor in the sheep can- 
not be maintained by continuous infusion of the B,- 
adrenergic agonist ritodrine. This failure is the result 
of a desensitization of the myome:zrium and is associ- 
ated with a significant reduction in myometrial agonist— 
induced cAMP production and B,-adrenergic receptor 
concentration. 
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Mechanisms of relaxation induced by prostaglandins in 


isolated canine uterine arteries 


Toshio Kimura, MD," Yoshinobu Yoshida, MD, PhD," and Noboru Toda, MD, PhD" 


Ohisu, Japan 


OBJECTIVE: Prostaglandins liberated from the uterus in response to chemical and physical stimuli would 
be important modulators of uterine arterial tone and blood flow. This study was aimed at analyzing 
mechanisms of vasodilator action of prostaglandins in uterine arteries. 

STUDY DESIGN: Canine uterine artery strips were suspended in Ringer-Locxe solutions for isometric 


tension recording. 


RESULTS: Prostaglandin F,.,-induced relaxation was reversed to contraction by cyclooxygenase inhibitors 
and suppressed by tranylcypromine (prostaglandin |, synthesis inhibitor) or diphloretin phosphate (an 
inhibitor of prostaglandin F,, and prostaglandin |, actions) but was unaffected by endothelium denudation. 
Prostaglandin E,-induced relaxation was not attenuated by indomethacin but was partially inhibited by a 
nitric oxide synthase inhibitor and endothelium denudation. Relaxation induced by beraprost (prostaglandin 
|, analog} was suppressed by diphloretin phosphate but was not influenced by indomethacin and 


endothelium denudation. 


CONCLUSION: it appears that prostaglandin F,,-induced relaxation is mediated by prostaglandin |, 
released from subendothelial tissues, whereas prostaglandin E,-induced relaxation is caused by release of 
endothelium-derived nitric oxide and also by an endothelium-independent mechanism. (Am J OBSTET 


GYNECOL 1992;167:1409-16.) 


Key words: Prostaglandin F,,, prostaglandin E., prostaglandin I,, uterine artery, 


endothelium-derived nitric oxide 


The uterus is known to produce large quantities of 
prostaglandins, such as PGF,,, PGE, and PGI, that 
contract or relax uterine smooth muscle. They also af- 
fect uterine circulation by acting directly on vascular 
smooth muscle’? and by modulating the action of other 
vasoactive substances.** The importance of prostaglan- 
dins as regulators of uterine blood flow has been re- 
ported; blood flow is decreased by PGF,, and PGE, in 
the sheep uterus* ê and increased by PGI,.°” However, 
it is difficult to properly evaluate the effects of pros- 
taglandins on uterine vasculature in vivo, because their 
myometrial action alters the mechanical compression 
of vasculature and also the production of metabolites 
that are responsible for the regulation of vascular tone 
in the uterus. Isolated human uterine arteries respond 
to PGF,,, PGE.,! and PG].'? with relaxation. PGI, is 
known to relax most isolated blood vessels in various 
organs,” ° but PGF,, usually contracts the vessels.*'* 
PGE, does not always produce relaxation in blood ves- 
sels.’ Mechanisms underlying the vasodilator action 
of PGF and PGE, in human uterine arteries have not 
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been clarified. Our preliminary study indicated that 
dog uterine arteries responded to these prostaglandins 
with relaxation. Therefore this study was undertaken 
to compare the relaxing action of PGF,,, PGE,, and 
beraprost, a stable analog of PGI,” in isolated dog 
uterine arteries and to pharmacologically analyze the 
mechanisms of their actions. 


Material and methods 


Female mongrel nonpregnant dogs, weighing 7 to 12 
kg, were anesthetized with intravenous injections of 
pentobarbital sodium (30 mg/kg) and killed by bleed- 
ing from the carotid arteries. The uterus was rapidly 
removed. Distal portions of the main uterine artery (0.5 
to 0.9 mm outside diameter) were isolated and cut hel- 
ically into strips of approximately 20 mm long, with 
special care on the endothelium. The strips were fixed 
vertically between hooks in a muscle bath containing 
the modified Ringer-Locke solution, which was main- 
tained at 37° + 0.3° C and aerated with a mixture of 
95% oxygen and 5% carbon dioxide. The hook an- 
choring the upper end of the strip was connected to 
the lever of a force-displacement transducer (Nihon- 
kohden-Kogyo Co., Tokyo). The resting tension was 
adjusted to 1.5 gm, which was optimal for inducing the 
maximal contraction. The composition of the bathing 
medium was as follows: sodium chloride 120 mmol/L, 
potassium chloride 5.4 mmol/L, calcium chloride 2.2 
mmol/L, magnesium chloride 1.0 mmol/L, sodium bi- 
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Fig. 1. Concentration-response curves of PGF,, in dog uterine 


' arterial strips partially contracted with ahenylephrine. Maxi-, 


mal level of relaxation was presented as response at concen- 
trations ranging from 5 x 107° to 1077 mol/L. In concenitra- 
tions >5 X 107’ mol/L, level of stabilized contraction was plot- 
_ted, because strips responded with only contraction. Top, 
Tracing of typical response. Concentrations of PGF,, from 
' I to 4 represent 5 x 1077, 2 x 107°, 1077, and 5 x 107? 
mol/L, respectively. Relaxation induced by 107+ mol/L pa- 
paverine (PA) was taken as 100%; mean absolute value was 
340 = 31 mg (n = 9). Contractions induced by 30 mmol/L 
_K* were taken as 100%; mean absolute value was 3208 + 869 
mg (n = 9). Vertical bars, SEM. 


carbonate 25.0 mmol/L, and dextrose 5.6 mmol/L: 
. The pH of the solution was 7.27 to 7.41, All the strips 
were allowed to equilibrate for 60 to 90 minutes in the 
bathing medium, during which time the solution was 


replaced every 10 to 15 minutes (for a total of three. 


- times). l l 
Isometric contractions and relaxations were dis- 


played on an ink-writing chart recorder (Nihonkohden- | 


Kogvo Co.). Contractile responses to 30 mmol/L K* 
` were first obtained, and the preparations were repeat- 
edly washed with the fresh medium and then equili- 
brated. The arterial strips had partially been contracted 
<- with phenylephrine (2 x 1078 — 5 x 1077 mol/L), un- 
less, otherwise mentioned; the contraction ranged be- 
tween 15% and 30% of the contraction induced by 30 
mmol/L K+. The concentration-response curve for 
PGF PGE,, and beraprost was obtained by adding the 
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compound directly to the bathing medium in cumu- 
lative concentrations. The effects of PGE, and bera- 
prost before and after treatment with pharmacologic 
antagonists were compared in the same strips, because 
the responses were reproducible in repeated trials. In 
contrast, the effects of PGF,, rapidly deteriorated by 
repeated trials; therefore the initial responses in the 
absence (control) and presence of antagonists were 
compared in two to four strips obtained from the same 
dogs. At the end of each series of experiment papav- 
erine (107? mol/L) was added to attain maximal relax- 
ation.'* Relaxation or contraction induced by test drugs 
is presented as relative values to that induced by 
10-‘ mol/L papaverine or 30 mmol/L K*, respectively. 
To remove the endothelium, the intimal surface of ar- 
terial strips was gently rubbed with a cotton pellet; un- 
rubbed strips from the same dogs were used for com- 
parison. Removal.of the encothelium was verified by 
abolition of the relaxant response to 107’ mol/L ace- 
tylcholine. In addition, the endothelial integrity was 
histologically determined by silver staining and electron 
microscopy. 

The results shown in the text and figures are ex- 
pressed as mean values + SEM. Statistical analyses 
were made with the Student paired and unpaired t tests 
and with Tukey’s method after one-way analysis of var- 
lance. Drugs used were PGF,, sodium, PGE, sodium 
(Ono Pharmaceutical Co., Osaka), beraprost sodium 
(Toray Industries, Inc., Tokyo), l-phenylephrine hy- 
drochloride, dl-isoproterenol hydrochloride, indo- 
methacin (Sigma, St. Louis), nitroglycerin (Nihon Kay- 
aku Co., Tokyo), acetylcholine chloride (Daiichi Seiyaku 
Co., Tokyo), acetylsalicylic acid, tranylcypromine hy- 
drochloride, L-arginine (Nacalai Tesque, Ltd., Kyoto), 
diphloretin phosphate (Leo, Helsingborg, Sweden), 
N°-nitro-L-arginine (Peptide Institute, Minoh, Japan) 
and papaverine hydrochloride (Dainippon Seiyaku Co., 
Osaka). 


Results 

Responses to PGF,,. In uterine arterial strips par- 
tially contracted with phenylephrine the addition of 
PGF,, in concentrations ranging from 5 x 107° to 1077 


_mol/L produced a concentration-dependent relaxation 


with a latency of I to 2 minutes. After the maximal 
relaxation was attained at 2 x 107° and 107” mol/L 
PGF,,, the tension was slowly returned to the level that ° 
was lower or higher than that before the addition of 
PGF,, (Fig. 1, upper tracing). The strips responded to 
concentrations higher than 5 x 1077 mol/L with only | 
a contraction. The concentration-response curve of 
PGF, is summarized in Fig. 1, in which the maximal 
level of relaxation is presented. The apparent median 
effective concentration of PGF, for relaxation was 
(1.33 + 0.19) x 1078 mol/L ‘n = 9), and the maximal 
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Fig. 2. Left tracings, Typical responses of dog uterine arterial strips to PGF,, (2 X 107° mol/L) and 
beraprost (BP) in control strip (no treatment) and indomethacin-, tranylcypromine-, and diphloretin 
phosphate—treated strips. Four arterial strips were obtained from the same dog. Strips were partially 
contracted with phenylephrine. Horizontal lines, Level before addition of phenylephrine. Concen- 
trations of beraprost from 9 ‘to 7 represent 107°, 107°, and 107° mol/L, respectively. PA, 1074 . 
Papaverine. Right panel, Modifications by indomethacin (IM, 107€ mol/L), acetylsalicylic acid (Asp, 
5 x 107° mol/L), tranylcypromine (TC, 1074 mol/L), and diphloretin phosphate (DPP, 107° 
mol/L) of response to PGF,, (2 X 107° mol/L) in dog uterine arterial strips partially contracted with 
phenylephrine. Control (C) and antagonist-treated strips were obtained from the same: dogs. In 
control and experimental series contractions caused by phenylephrine were adjusted to approxi- 
mately the same values. Relaxations induced by 1074 mol/L papaverine were taken as 100%; mean 
absolute values in control strips in first and second pairs from left were 401 + 44 mg (n = 7) and 
347 + 19 mg (n = 6), respectively. Values in control and tranylcypromine-treated strips were 
529 + 64 and 490 + 45 mg (n = 6), respectively (third pair), and values in control and diphloretin . 
phosphate—treated strips were.448 + 34 and 445 + 57 mg (n = 4), respectively (fourth pair). Con- 
tractions induced by 30 mmol/L K* were taken as 100%; mean absolute values in strips treated with 
indomethacin and acetylsalicylic acid were 2409 + 462 mg (n = 7) and 2213 + 534 mg (n = 6), 


respectively. Significantly different from control: a, p < 0.001; b, p< 0.01. Numbers in parentheses, 


Number of preparations from separate dogs. 


4 


relaxation attained at 10—7 mol/L .PGF,, was 
45.8% + 5.4% (n= 9) relative to that induced by 107+ 
mol/L papaverine. To analyze the mechanism of PGF,,- 
induced relaxation, subsequent experiments were car- 
ried out with 2 x 107° mol/L PGF,,, which produced 
a submaximal relaxation in the arterial strips. 

The relaxation caused by PGF,, (2 x 1078 mol/L) 
rapidly deteriorated by repeated trials, although the 
strips were repeatedly rinsed after each application of 
PGF.. Mean values for relaxation at the first, second, 
and third trials were 51.2% + 7.8%, 21.3% + 6.2%, 
and 7.8% + 1.9% (n = 10), respectively. Therefore 
modification by antagonists of the PGF,,-induced re- 

laxation was evaluated at the first responses in different 
| strips obtained from the same dogs, one used as a con- 
trol and the others for treatment with antagonists. 

Treatment with indomethacin (107° mol/L) or ace- 
tylsalicylic acid (5 x 107° mol/L) abolished the relax- 
ation induced by 2 x 1078 mol/L PGF. or reversed it 
to a contraction. The PGF,,-induced relaxation was also 
abolished by diphloretin phosphate (10-* mol/L) and 


— 


suppressed by tranylcypromine (10-* mol/L). The typ- 
ical recordings and quantitative data are illustrated in. 
Fig. 2. a 

Reimoval of the endothelium almost completely abol- 
ished the acetylcholine (1077 mol/L)-induced relaxa- 
tion in the uterine arterial strips, whereas the relaxation . 
caused by PGF, (2 x 107° mol/L) was not significantly 
influenced (Fig. 3). 

Under resting conditions PGF,, in concentrations - 
ranging from 5 X 107° to 2 x 107° mol/L did not sig- 
nificantly alter the tension. However, after treatment 


with 107° mol/L indomethacin, PGF, (5 x 1077 


_ mol/L or higher) produced a concentration-dependent 


contraction (Fig. 4). The contractions were reproduc- 
ible in repeated trials and were suppressed by treatment: 
with 10~° mol/L diphloretin phosphate. i 
Responses to PGE,. The addition of PGE, (107° to 
1077 mol/L) produced a concentration-dependent re- 
laxation in 30 of 39 uterine arterial strips partially con- 
tracted with phenylephrine but produced a slight con- 
traction in the remaining nine. In these 30 strips the 
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Fig. 3. Modifications by endothelium denudation (E —) of the 
response to acetylcholine (ACh, 1077 mol/L) and PGF. 
(2 x 107° mol/L) in dog uterine arterial strips partially con- 
tracted with phenylephrine. Strips with and without endothe- 
lium were obtained from same dogs. Relaxation induced by 
10-* mol/L papaverine was taken as 100%; mean absolute 
values with and without endothelium. were 328 + 55 anc 
343 + 77 mg (n = 8), respectively, for s:udies on acetylcholine 
and 364 + 27 and 321 + 38 mg (n = 8), respectively, for 
studies on PGF,,. Significantly different from endothelium- 
intact strips (E+): a, p < 0.001. Numbers in parentheses, Num- 
bers of preparations from separate dogs. 


apparent median effective concentration value was 
(1.46 + 4.5) x 107? mol/L, and the maximal relaxa- 
tion at 1077 mol/L was 44.2% + 4.5% of that induced 
by 1074 mol/L papaverine. An increase in the concen- 
tration of PGE, to 10-° mol/L elicited a contraction 
(n = 5) or a slight relaxation (n = 2). The PGE, (107° 
mol/L)-induced relaxation was reproducible in re- 
peated trials; therefore the relaxation before and after 
antagonists was compared in the same strips. 

The PGE,-induced relaxation was attenuatec 
(n = 12) or reversed to a contraction (n = 2) by re- 
moval of the endothelium. Mean values at 107°, 1078 
and 107? mol/L PGE, were 4.8% + 1.2%, 24.7% = 
2.9%, and 44.2% + 4.5%, respectively, in the endothe- 
lium-intact strips (n = 14) and 0.9% + 0.6%, 10.1% + 
2.1%, and 17.6% + 2.9%, respectively (significantly 
different from control, p < 0.01), in the endothelium- 
damaged strips (n = 14} obtained from the same dogs. 

In the endothelium-intact strips the relaxation in- 
duced by PGE, (107° to 10°’ mol/L) was significantly 
attenuated (n = 6) or reversed to a contraction (n = 1 
by treatment with 10~* mol/L N°-nitro-L-arginine. The 
mean values are compared in Fig. 5, left. The inhibitory 
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Fig. 4. Modifications by indomethacin (JM, 107° mol/L) and 
indomethacin plus diphloretin phosphate (DPP, 107° mol/L) 
of response to PGF} in uterine arterial strips under resting 
conditions. Contractions induced by 30 mmol/L K* were 
taken as 100%; mean absolute value in control and indo- 
methacin-treated strips was 2654 + 457 mg (n = 6), and value 
in strips treated with indomethadn plus diphlioretin phosphate 
was 2573 + 497 mg (n = 4). Significantly different from con- 
trol: a, p < 0.01; significantly cifferent from value with in- 
domethacin: 6, p < 0.01 (Tukey's method). 


effect was antagonized by 3 x 107° mol/L L-arginine; 
the relaxation at 10-* and 10°’ mol/L PGE, in strips 
treated with N°%-nitro-L-arginine (9.7% + 3.9% and 
21.7% + 6.1%, respectively, n = 7) was increased by L- 
arginine to 17.8% + 4.0% and 32.4% + 4.3%, respec- 
tively (8.1% + 1.3% and 10.7% + 1.9% increase, re- 
spectively, in paired comparison, p < 0.05). On the 
other hand, in the endotheliam-denuded strips the re- 
laxation was not influenced by N°-nitro-L-arginine and 
L-arginine (Fig. 5, right). 

In the endothelium-denuded strips treatment with 
5 X 107? mol/L beraprost, which relaxed the strips by 
approximately 90% of papaverine-induced relaxation, 
abolished the relaxation caused by PGE, or reversed it 
to a contraction and markedly suppressed the isopro- 
terenol (5 x 107° mel/L)-induced relaxation (Fig. 6, 
upper tracings). However, the response to 3 x 107° 
mol/L nitroglycerin was not influenced. Relaxation 
caused by beraprost was compensated by the supple- 
mental doses of phenylephrine. The quantitative data 
are summarized in Fig. 6, lower panels. 

In both the endothelium-intact and endothelium-de- 
nuded strips, the relaxation caused by PGE, was not 
inhibited by treatment with 107° mol/L indomethacin 
(n = 6) or 107° mol/L diphloretin phosphate (n = 6). 

Responses to beraprost. [In the arterial strips par- 
tially contracted with phenylephrine, beraprost in con- 
centrations ranging from 107° to 1077 mol/L caused a 
concentration-dependent relaxation. The: apparent 
median effective concentration value was (7.87 + 
1.30) x 107° mol/L, and the maximal response at 1077 
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Fig. 5. Modifications by N®°-nitro-L-arginine (L-NA, 107° mol/L) and N®%-nitro-L-arginine plus L- 
arginine (L-Arg, 3 x 107° mol/L) of response to PGE, in dog uterine arterial strips with (left panel) 
and without (right panel) endothelium. Strips were partially contracted with phenylephrine. Strips 
with and without endothelium were obtained from same dogs. Relaxation induced by 107* mol/L 
papaverine was taken as 100%; mean absolute values in control, N°-nitro-L-arginine—treated, and 
N°-nitro-L-arginine plus L-arginine—treated strips with endothelium were 415 + 17,412 + 22, and 
419 + 21 mg (n = 7), respectively (left panel), and values in those without endothelium were 
381 + 17,374 + 22, and 34] + 17 mg (n = 7), respectively (ight panel). Significantly different from 
control: a, p < 0.05 (Tukey’s method). Relaxations induced by 10~ë and 107’ mol/L. PGE, in en- 
dothelium-intact strips treated with N°-nitro-L-arginine plus L-arginine are significantly different 
from those in strips treated with N°-nitro-L-arginine alone {p < 0.05, paired comparison). 


mol/L was 96.9% + 0.4% (n = 23). The relaxation was 
reproducible in repeated trials. 

The beraprost-induced relaxation was not influenced 
by removal of the endothelium (Fig. 7, left), which 
almost abolished the acetylcholine (1077 mol/L)-in- 
duced relaxation. The relaxation induced by beraprost 
was not influenced by 107° mol/L indomethacin (Fig. 
7, middle), 5 x 107> mol/L acetylsalicylic acid (x =-6), 
and 107° mol/L tranylcypromine (n = 6) but was sig- 
nificantly inhibited by 10-? mol/L diphloretin phos- 
phate (Fig. 7, right). 


Comment 


In the isolated dog uterine artery the addition of 
PGF» produced a concentration-dependent relaxation 
at low concentrations but a contraction at high concen- 
trations. This dual response to PGF, is similar to that 
of the isolated human uterine artery.! PGE, and PGI, 
induce relaxation in both dog and human uterine ar- 
teries (current study).'* The rank order of maximal 


relaxant responses is PGI, > PGF,, = PGE, in both dog | . 


and human uterine arteries (current study).' However, 
mechanisms of the vasodilator action of PGF, and 
PGE, in human arteries have not been analyzed. 

The addition of PGF,, at low concentrations pro- 


duced a concentration-dependent relaxation tn the dog 
uterine artery, which was abolished or reversed to a 
contraction by treatment with indomethacin and ace- 
tylsalicylic acid and suppressed by tranylcypromine, a 
PGI, synthesis inhibitor. '™*'* In contrast, after treatment 
with these antagonists the relaxation caused by bera- 
prost, a stable analog of PGI,” was not influenced. The 
concentration of beraprost that produced the same 
magnitude of relaxation elicited by 2 x 10-78 mol/L 
PGF,, (42.6% + 5.4% of papaverine-induced relaxa- 
tion) was 4.2 x 107° mol/L. Treatment with diphlor- 
etin phosphate, which selectively antagonizes vascular 
actions of PGF,, and PGL, abolished the, relaxation 
induced by PGF,, (2 x 107° mol/L) and beraprost 
(4.2 x 107° mol/L). Removal of the endothelium did 
not alter the relaxation caused by PGF,, and beraprost. 
These findings strongly suggest that the relaxation of 
the uterine artery caused by PGF,, is associated with 
the release of vasodilator prostaglandins, possibly PGI, 
from vascular smooth muscle. In the strips treated with 
cyclooxygenase inhibitors, PGF». produced only a con- 
traction that was abolished by diphloretin phosphate, 
suggesting the direct action on smooth muscle, as is 
usually seen in many blood vessels.’* + '° Therefore 
PGI, released by PGF, is expected to attenuate a va- 
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Fig. 6. Upper tracings, Typical responses to PGE, (107° to 1077 
mol/L), isoproterenol (ZP, 5 x 107° mol/L) and nitroglycerin 
(NTG, 3 x 107° mol/L) of dog uterine arterial strip denuded 
of endothelium in absence (control) and presence of 5 x 1078 
mol/L beraprost (BP). Strip was partially contracted with 
phenylephrine. Horizontal lines, Level beZore addition of phen- 
ylephrine; upward arrows, application of phenylephrine to 
compensate relaxation; PA, 10~* mol/L papaverine. Lower pan- 
els, Modifications by beraprost (5 X 107° mol/L) of response 
to PGE, (left panel), isoproterenol (5 x 107° mol/L), and ni- 
troglycerin (3 x 107° mol/L) (right panel) in dog uterine ar- 
terial strips without endothelium, partially contracted with 
phenylephrine. Relaxation induced by 107* mol/L papaverine 
(PA) was taken as 100%. Mean absolute value in control strips 
for studies on PGE, was 295 + 26 (n = 6), values in control 
and beraprost-treated strips were 297 + 35 and 348 + 29 mg 
(n = 6), respectively, in experiments with isoproterenol, and 
values in control and beraprost-treated strips were 308 + 34 
and £32 + 29 mg (n = 6), respectively, in experiments with 
nitroglycerin. Contractions induced by 30 mmol/L K* were 
taken as 100%; mean absolute value in beraprost-treated strips 
in left panel was 1997 + 334mg (n = 6). Significantly different 
from control: a, p < 0.001; b, p < 0.01. 


soconstriction induced as a result of direct action of 
PGF... or to reverse it to a vasodilatation. 

In contrast to PGF,,, the PGE,-induced relaxation was 
not attenuated by treatment with cyclooxygenase inhib- 
itors but by N°-nitro-L-arginine, which inhibits the syn- 
thesis of endothelium-derived relaxing factor,'”* pos- 
sibly nitric oxide or 5-nitrosothiol.'? The suppression by 
N°-nitro-L-arginine was reversed bv the addition of L- 
arginine, a substrate of nitric oxide synthase.” Removal 
of the endothelium produced a magnitude of inhibition 
similar to that elicited by N°-nitro-L-arginine but did not 
_abolish completely the PGE,-induced relaxation. ‘These 
findings suggest that PGE, produces the endothelium- 
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dependent relaxation because of a release of endothe- 
lium-derived relaxing factor and also the endothelium- 
independent relaxation. The latter relaxation was abol- 
ished or reversed to a contraction by treatment of the 
strips with high concentrations of beraprost, which 
markedly suppressed the relaxation induced by isopro- 
terenol but not the response to nitroglycerin. It is pos- 
tulated that relaxation induced by PGI, and 
isoproterenol” is mediated oy cyclic adenosine 3’,5’- 
monophosphate, whereas that caused by endothelium- 
derived relaxing factor” and nitroglycerin™ is mediated 
by cyclic guanosine 3’,5’-monophosphate. We therefore 
hypothesized that different intracellular second mes- 
sengers are involved in the relaxation elicited by PGE,; 
the endothelium-independent relaxation is caused by 
increased cyclic adenosine 3',5’-monophosphate, and 
the endothelial-dependent relaxation is associated with 
cyclic guanosine 3',5'-monophosphate. 

PGI, is a major product cf arachidonic acid in the 
uterine blood vessel.* * The fact that the relaxant re- 
sponse of the uterine arterial strips to beraprost was 
susceptible to diphloretin phosphate but resistant to en- 
dothelial denudation, indomethacin, acetylsalicylic acid, 
and tranylcypromine appears to indicate that this pros- 
taglandin acts directly on PGI, receptors m arterial 
smooth muscle. 

Dog uterine arteries respond to PGF,,, PGE, and 
PGI, (beraprost) with relaxation; however, mechanisms 
of the relaxation markedly differ. Hypothetic relation- 
ships of the interactions describing the current data are 
shown in Fig. 8. The relaxation induced by PGF,, ap- 
pears to be mediated by PGI, released from subendo- 
thelial tissues, possibly smooth muscle. Therefore 
PGF,, at low concentrations may dilate uterine arteries, 
decrease vascular resistance, and increase uterine blood 
flow by the release of PGI,, which is known to dilate 
arteries and arterioles. Vasoconstriction caused by high 
concentrations of PGF,, is expected to be minimized by 
the liberated PGI. The PGE induced relaxation is 
caused by the release of endcthelium-derived relaxing 
factor (nitric oxide) and aso by an endothelium- 
independent mechanism in which the activation of ad- 
enylate cyclase is involved, by the mechanisms postu- 
lated for the relaxation caused by PGI, (beraprost). En- 
dothelium-derived relaxing factor (nitric oxide) re- 
leased by PGE, or other endogenous substances may 
be an important mediator in increasing uterine blood 
flow. 
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Chemotactic factor in the pregnant rabbit uterine cervix 


Taro Uchiyama, MS," Akira Ito, PhD," Atsutoshi Ikesue, MS,’ Hideo Nakagawa, PhD,” and 


Yo Mori, PhD* 
Hachioji, Tokyo, and Sugitani, Toyama, Japan 


OBJECTIVE: Neutrophil accumulation is one of the characteristic changes otserved in uterine cervical 
stroma at term pregnancy, but chemotactic activity in the tissue is obscure. Our study examined the 
existence and production of chemotactic factor in the rabbit uterine cervix. 

STUDY DESIGN: Uterine cervical explants of rabbits at term pregnancy and nonpregnant rabbits were 
cultured with and without interleukin-1a. Rat neutrophilic chemotaxis in culture media was evaluated with a 


Boyden chamber, 


RESULTS: Tissue extract from the pregnant rabbit uterine cervix at term pregnancy contained more 
chemoattractive activity than the nonpregnant cervix. Production of chemoattractant from cultured rabbit 
cervical explants at term pregnancy was also higher than that from nonpregnant explants. The addition of 
interleukin-ta to the culture system promoted its production. This chemoattractant was characterized as a 
true chemotactic factor and heat-stable and trypsin-sensitive protein with an apparent relative molecular 
mass of 16,200. So far, these properties are very similar to those of tne interleukin-8 family. Rabbit 
uterine cervical fibroblast is characterized as a chemotactic factor—producing ceil in the rabbit uterine 


cervix. 


CONCLUSION: These results indicate that interleukin-8—like chemotactic factor participates in the cervical 
ripening at terrn pregnancy and that the production of this factor is controlled effectively by interleukin-1. 


(AM J OBSTET GYNECOL 1992;167:1417-22.) 


Key words: Chemotactic factor, interleukin-8—like factor, uterine cervix, cervical ripening 


Neutrophil accumulation is generally accepted as a 
characteristic change observed at inflammatory sites. A 
similar inflammatory phenomenon is also observed 
with the stromal tissue of human and rabbit cervix at 
term pregnancy.’ In this regard, Liggins’ proposed the 
theory of inflammatory reaction for the mechanism of 
cervical ripening. His proposal has been further sup- 
ported by the findings that the leukocyte elastase* and 
interleukin- --like factors* in the cervix are markedly 
increased during pregnancy. These observations sug- 
gested that leukocytes may play an important role in 
the cervical ripening process. 

If the phenomenon of cervical ripening is regarded 
as a physiologic inflammation, the existence of che- 
motactic factor should be properly confirmed in the 
cervix during ripening. However, no information avail- 
able for chemotactic factor in the cervix has been re- 
ported. We report here that a significantly higher che- 
motactic activity was found in the rabbit uterine cervix 
at term pregnancy as compared with its nonpregnant 
counterpart and that the rabbit uterine cervix biosyn- 
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thesized and secreted much interleukin-8—like che- 
motactic activity. The effective control of the produc- 
tion of chemotactic activity by cytokine was also de- 
scribed. 


Material and methods 


Materials. Dulbecco’s modified Eagle’s medium 
(glucose 4 gm/L; DMEM), Gey’s balanced salt solution, 
and RPMI-1640 were obtained from Grand Island Bi- 
ological Co., Grand Island, N.Y. Casein was obtained 
from E. Merck, Darmstadt. Fetal bovine serum was a 
product of Whittaker M.A. Bioproducts Inc., Walkers- 
ville, Md. Soybean trypsin inhibitors (type I-$) and bo- 
vine serum albumin (fraction V) were purchased from 
Sigma Chemical Co., St. Louis. Polyvinylpyrrolidone- 
free polycarbonate membrane with a pore size of 3.0 
um in diameter was obtained from Nuclepore Co., 
Pleasanton, Calif. Human recombinant interleukin-la 
(2 xX 10’ units/mg) was kindly supplied by Dainippon 
Pharmaceutical Co., Suita, Osaka. Other reagents used 
were of analytic reagent grade. 

Tissue and cell culture of rabbit uterine cervix. 
Uterine cervices were removed from pregnant rabbits 
(Nippon white) at 29 days’ gestation and from non- 
pregnant rabbits under sterile conditions; fatty tissues 
were cleaned out and washed with Ca**- and Mg**- 
free phosphate-buffered saline solution [PBS(—)] con- 
taining 200 units/ml penicillin G and 100 g/ml strep- 
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tomycin. The finely minced tissue (100 mg) was cul- 
tured in a Falcon tissue culture dish with 2 ml DMEM 
at 37° Cin a carbon dioxide incubator with 5% carbor 
dioxide—95% air and 100% humidity as described pre- 
viously.’ The culture medium was harvested daily, and 
culture continued for 5 days. The harvested culture 
“media were stored at —20° C until use. 

Uterine ‘cervical fibroblasts were also established 
from pregnant rabbits at 25 days’ gestation and main- 
tained in the culture in DMEM/10% (vol/vol) fetal bo- 
vine serum as described previously.*° In most experi- 
ments, cells up to second passage were used. To esti- 
mate the production of chemoattractant activity, the 
_ culture medium was changed to DMEM/0.2% (wt/vol) 
lactalbumin hydrolysate after the confluence. The har- 
vested culture media were stored as described above. 

-Extraction and determination of deoxyribonucleic 
acid (DNA). Measurement of DNA was carried out ac- 
cording to the method of Burton.” DNA in the cervical 
tissues was extracted twice with 5% (wt/vol) trichloro- 
acetic acid at 90° C for 10 minutes. DNA extract (1 ml) 
was mixed with 2 ml of diphenylamine reagent and 
incubated at 30° C for 18 hours. The resultant color- 

ation was measured at 600 nm.’ 

Extraction of chemoattractant from uterine cervix. 
_ Rabbit uterine cervical tissue was washed with PBS(—), 
minced finely, and homogenized in 10 volumes of ice- 
cold PBS(—). The homogenate was centrifuged at 
10,000g for 20 minutes at 4° C, and the supernatant 
was subjected to chemoattractant assay. 

Preparation of neutrophils. Male Sprague-Dawley 
rats weighing 350 to 500 gm were injected intraperi- 
toneally with 1% (wt/vol) casein in Ca**-free Krebs- 
‘Ringer bicarbonate ‘solution (120 ml/kg body weight). 
After 14 hours the rats were intraperitoneally injected 
twice with 50 ml Ca**-free Krebs-Ringer bicarbonate 
with a large needle. Peritoneal exudate “was ejected 
through the needle and centrifuged at 400g for 5 min- 
utes at 4° C; the cell pellet was washed twice with Gey’s 
balanced salt solution. Cells were finally suspended to 

] x-10’ cells/ml in RPMI-1640 containing 0.15% 
(wt/vol) bovine serum albumin. 

Chemotaxis assay. Rat neutrophil chemotaxis : was 
evaluated by means of a multiwell Boyden chamber as 
- described previously.® The lower compartment con- 
_ tained 0.44 ml test sample, and the upper compartment 
contained 0.3 ml neutrophil, suspension (1 x 10’ 
cells/ml). The lower and upper chambers were sepa- 
rated by a polycarbonate filter. The chemotaxis device 
- was kept at 37° C in a carbon dioxide incubator with 
5% carbon dioxide—95% air and 100% humidity for a 
suitable period. The fluid in the upper chamber was 
decanted away and the remaining fluid and cells in the 
upper chamber were flushed away with water. All fluid 
in the lower chamber was transferred into an. Eppen- 
dorf tube and finely agitated to make a cell suspension. 
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The cell number was counted in a hemocytometer. 
Neutrophil chemotaxis was expres? by Aeron 
rate, calculated as follows: 


Migration rate (%) 
Number of leukocytes collected 
from lower compartment 
~ Number of total leukocytes applied 
in upper compartment 

_ Number of leukocytes (cel’s/ml) x 0.44 (ml) % ' 0 0. 
1 x 10’ (cells/ml) x 0.3 (m) ` : 

Checkerboard analysis. This assay was carried out 
according to the method of Zigmond and Hirsch.’ 

Gel permeation chromatography. The combined 
culture medium (200 ml) of pregnant rabbit cervices 
at 29 days’ gestation was cor.centrated by the addition 
of ammontum sulfate at 8C% saturation and centri- 
fuged at 15,000g for 20 minutes at 4° C. The precipi- 
tated protein was dissolved ir 1 ml PBS(—) and applied 
to a column (1.5 X 68.0 cm) of Sephadex G-75 previ- 
ously equilibrated with PBS(—). The elution was done 
with the same buffer at a fow rate of 6 ml/hr and 
4° C. An aliquot of each fraction was used for che- 
moattractive activity. | 


. Results 


Detection of chemoattractive activity in extracts of 
rabbit uterine cervices. As shown in Fig. 1, both cer- 
vices from nonpregnant rabbits and pregnant rabbits 
at 29 days’ gestation were found to contain’ the che- 
moattractive activity, and the activity in the extract of 
pregnant cervices was 2.7- oe higher than that of non- 
pregnant ones. 

Production of chemoattractive activity by uterine 
cervical tissue in culture. The chemoattractive activity 
in the culture medium-of' pregnant rabbit cervix was 
4.2-fold higher than in the culture medium of its non- 
pregnant counterpart (Fig. 2). The accumulation of 
chemoattractive activity in bcth culture media of preg- 
nant and nonpregnant cervical explants was obviously - 
reduced under the presence of 10 pmol/L cyclohex- 
imide (data not shown), indicating that the rabbit uter- 
ine cervix biosynthesizes and secretes the chemoattrac- 
tant. We then investigated whether chemoattractant 
production in the cervical tissue was accelerated by in- 
terleukin-1. When the nonpregnant cervical explants 
were. treated with human recombinant interleukin-1 
(10 ng/ml) the secretion of chemoattractant was 2.6- 
fold: higher than the secretion of the explants without 
human recombinant interleukin-1 treatment. On the 
other hand, less extent increase (1.4-fold) in the che- 
moattractive activity was found with the pregnant cer- 
vical explants after human recombinant interleukin-1 
treatment. a 

Checkerboard analysis. As shown in Table I, neu- 
trophils migrated preferentially along the gradient 
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Fig. 1. Chemoattractive activity in extracts of rabbit uterine 
cervices, Ten percent (wt/vol) tissue homogenates in PBS(—) 
were centrifuged at 10,000g for 20 minutes; resultant super- 
natants were diluted two times with 0.3% (wt/vol) bovine se- 
rum albumin/RPMI 1640, and their chemoattractive activities 
were determined. Activity is expressed as migration rate per 
milligram of DNA. Values are mean + SD of four animals. 
Open column, Nonpregnant (NP) rabbits; hatched column, preg- 
nant (P) rabbits at 29 days’ gestation; asterisks, significantly 
different from nonpregnant rabbit (p < 0.01). 
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Fig. 2. Effect of human recombinant interleukin-1 on che- 
moattractant production by rabbit uterine cervical explants. 
Finely minced cervical tissue (100 mg) of respective two non- 
pregnant (NP) rabbits and pregnant (P) rabbits at 29 days’ 
gestation was cultured, in serum-free DMEM (2 ml per dish) 
with or without human recombinant interleukin-1] (10 ng/ml}; 
other culture conditions were same as described in text. Ac- 
tivity was expressed as migration rate per milligram of DNA. 
Values are mean + SD of 10 dishes. Asterisks, Significantly dif- 
ferent from respective nontreated cervix (p < 0.001); a, sig- 
nificantly different from HPRP? egnant cervix (p < 0.001); IL, 
interleukin. 


Table I. Checkerboard analysis of chemoattractant from rabbit uterine cervical explants ` 


Concentration of media in 
lower chamber 


(%, vol/vol) 


0.00 0.6 + 0.1 
6.25 29 U2- 
12.50 9.} = 0.4 
25.00 . 26.7 4 1.5 


0.5 + 0.1 0.9 + 0.1 0.9 + 0/1 
2.0 + 0.4 3.0 + 0.1 2.9 + 0.0 
7.0 + 0.4 6.0 + 0.4 5.2 + 0.8 
23.3 + Ll 16.0 + 0.5 10.1 + 1.5 


Concentration of media in upper chamber (%, vol/vol) 


Cervical tissues from rabbits at 29 days’ gestation were cultured as described in text; culture media harvested up to 2 days were 
subjected to chemotaxis assay. Media with various dilutions were seeded in upper or lower compartment of chemotaxis chamber. 
Migration of neutrephils was performed for 80 minutes. Values are mean + SD of three determinations. 


from low toward high concentrations of the condi- 
tioned medium. This strongly indicates that the con- 
ditoned medium of rabbit uterine cervical tissue con- 
tains a true chemotactic factor. 

Characterization of chemotactic factor in culture 
media of pregnant rabbit cervix. Most chemotactic ac- 
tivity produced by rabbit uterine cervices was destroyed 
by the trypsin digestion. However, this activity was 


ar 


found to be heat stable because >70% of original ac- 
tivity was retained after heating at 95° C for 30 min- 
utes (Table II). Gel permeation chromatography in- 
dicated that chemotactic activity in culture media was 
composed of one major peak corresponding to appar- 
ent molecular mass of 16,200 and two minor peaks with 
apparent molecular mass of 8900 and 11,600 (Fig. 3). 

Origin of chemotactic activity in rabbit uterine cer- 
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Fig. 3. Elution profile of rabbit chemoattractive activity in conditioned media of uterine cervical 
tissues from Sephadex G-75 column. Culture medium (200 ml) of rabbit cervices at 29 days’ gestation 
was concentrated and subjected to gel permeation chromatography as described in -ext. Molecular 
mass markers: A, ovalbumin (45,000); B, soybean trypsin inhibitor (20,190); C, cytochrome C 
(12,400); and D, aprotinin (6500). Vo, Void valume of column; Vi, total volume of column; hatched 
region, chemoattractive activity; solid line, absorbance at 280 nm of each fraction. 


Table II. Effect of heat treatment and trypsin digestion on chemotactic factor in culture media of rabbit 


pregnant cervical explants 


Experiment 1: 
Heat treatment 


Experiment 2: 
Trypsin digestion 


Time Migration Migration 
Temperature (min) rate (Jo) Conditions rale {%) 


Control —- 9.5 + 0.6 Blank (medium + trypsin + soybean trypsin 2.5 + 1.0 
inhibitor) 

60° C 30 11.3 + 0.8% Control 14.6 + 0.7 

95° C 30 7.0 + 1.04 Trypsin digestion 5.6 + 0.84 


Culture media were same as in Table I. Migration of both treatments was performed for 60 minutes. Each value represents 
mean + SD of five ceterminations. Experiment I: Heat treatn ent, Culture media were heated at 60° C and 95° C for 30 minutes, 
then cooled immediately to room temperature. Experiment 2; Trypsin digestion, Culture media were digested with trypsin (0.16 mg/ 
ml) for 6 hours at 37° C; digestion was stopped by addition of soybean trypsin inhibitor (0.64 mg/ml). Blank, Medium containing 
trypsin and soybean trypsin inhibitor. Control, Culture media were incubated without trypsin at 37° C for 6 hours, then mixture 


of trypsin and soybean trypsin inhibitor was added. 
*Significantly different from contro., p < 0.05. 
tSignificantly different from contro., p < 0.01. 
Significantly different from contro., p < 0.001. 


vix. Rabbit uterine cervical fibroklasts were found to 
produce much chemotactic activity spontaneously as 
shown in Fig. 4. When the cells were treated with hu- 
man recombinant interleukin-1, the production of che- 
motactic activity was increased in a dose-dependen: 
manner. 


Comment 


The uterine cervix is mainly composed of fibrous 
connective tissues; thus cervical ripening at term preg- 
nancy is dependent on extensive alteration of the con- 
nective tissue framework.'* ® The explanation for the 
mechanism of cervical ripening has focused on quan- 
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titative and structural changes in cervical collagens and 
other matrix components. It is generally known that 
these changes are mainly the result of the actions of 
matrix metalloproteinases in cervical tissue. Although 
the exact source of matrix metalloproteinases in the 
uterine cervix has not been confirmed, two possibilities 
may be considered. First, matrix metalloproteinases 
originating from emigrating leukocytes associate with 
the degradation of cervical collagens.’ Second, matrix 
metalloproteinases produced by cervical fibroblasts in 
response to cytokines secreted from leukocytes partic- 
ipate in the destruction of cervical connective tissue 
components.® In both cases chemoattractants are con- 
sidered to play significant roles in the pregnant cervix, 
but no information on chemoattractant or interleukin- 
8 in uterine cervix has been reported. 

We demonstrated that uterine cervical explants in 
culture from rabbits spontaneously synthesized and re- 
leased a chemoattractant for neutrophils and that the 
uterine cervix at term pregnancy produced more che- 
moattractant than the nonpregnant cervix. In addition, 
human recombinant interleukin-1 promoted the pro- 
duction of chemoattractant by both cervices, whereas 
the magnitude of increase by pregnant cervix explants 
was lower than that by nonpregnant explants. The dif- 
ference in response to human recombinant interleukin- 
l probably lies in the difference of tissue concentration 
of interleukin-1—like factors, for example, rabbit cervix 
at term pregnancy produced more interleukin-1—like 
factors than the nonpregnant cervix, as described pre- 
viously." 

To clarify whether our rabbit chemoattractant is a 
chemotactic factor or just a stimulator of random mi- 
gration for neutrophils, checkerboard analysis was car- 
ried out. From the results this chemoattractant was clas- 
sified as a true chemotactic factor. Furthermore, the 
factor was found to be heat stable but sensitive against 
the trypsin digestion. The molecular mass of the major 
chemotactic factor appeared to be about 16,200 in so- 
lution by the gel permeation chromatography. These 
characteristics of the rabbit factor were in good agree- 
ment with those of interleukin-8, a heat-stable protein” 
that exists as a dimer form with molecular mass of 
16,000 in solution." Recently it was reported that two 
chemotactic factors, interleukin-8" and growth regu- 
lator~gene protein, are detected in the rabbit peri- 
toneal exudate after the intraperitoneal injection of 
zymosan. We have also shown that rabbit uterine cer- 
vical fibroblasts produced and secreted much chemo- 
tactic activity, indicating that rabbit uterine cervical fi- 
broblast is one of the chemotactic factor—producing 
cells in the rabbit uterine cervix. Further studies are 
needed to classify the cervical chemotactic factor. Re- 
cently we have observed that human uterine cervical 


Migration rate (%) 
O 


Chemotactic factor in uterine cervix 1421 


20 





0 0.1 1 10 


Concentration (ng/ml) 


Fig. 4. Production of chemotactic factor by rabbit uterine cer- 
vical fibroblasts. Confluent rabbit uterine cervical fibroblasts 
at second passage in 12-well plate were treated with various 
concentrations of human recombinant tnterleukin-I for 48 
hours. Harvested culture medium was diluted twice with 0.3% 
(wt/vol) bovine serum albumin/RPMI1-1640 and subjected to 
chemotaxis assay as described in text. Medium containing re- 
spective concentration of human recombinant interleukin-! 
was also subjected to assay and showed migration rate of <5%. 
Values are mean + SD of four dishes. Asterisks, Significantly 
different from nontreated control cells (p < 0.01). 


fibroblasts can biosynthesize interleukin-8 in response 
to interleukin-la or tumor necrosis factor—a (A. Ito, 
T. Sato, and Y. Mort, unpublished data). 

In conclusion, we provide the first evidence that in- 
terleukin-8 or interleukin-8—like chemotactic factor is 
characteristically identified and increases in the rabbit 
uterine cervix during pregnancy. Furthermore, its pro- 
duction is effectively enhanced by interleukin-la. 
Therefore chemotactic activity in the uterine cervix 
may play an important role in inducing the steady em- 
igration of neutrophils from blood vessels to cervical 
stroma ‘during the uterine cervical ripening and may 
be effectively controlled by interleukin-1. 


We thank Dr. Hideaki Nagase, Department of Bio- 
chemistry and Molecular Biology, University of Kansas 
Medical Center, for the critical reading of the manu- 
script. 
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Transient umbilical cord occlusion causes hippocampal damage 


in the fetal sheep 


E. Carina Mallard, BSc, Alistair J. Gunn, MD, ChB, Chris E. Williams, PhD, 


Barbara M. Johnston, DPhil, and Peter D. Gluckman, DSc 


Auckland, New Zealand 


OBJECTIVE: The purpose of our study was to examine the neuronal outcome after a standardized period 


of umbilical cord occlusion. 


STUDY DESIGN: The umbilical cord was clamped for 10 minutes in nine experimental and four control 
chronically instrumented fetal sheep. Three days later the animals were killed for histologic interpretation. 
Systemic, electrophysiologic, and neurchistologic effects were compared by analysis of variance. 
RESULTS: Clamping of the cord resulted in transient severe asphyxia, hypotension (24 + 5 mm Hg, 

p < 0.01), bradycardia (72 + 14 beats/min, p < 0.001), depressed electroencephalographic activity 
(—17 + 2 dB, p < 0.001}, and an increase in cortical impedance. The electroencephalographic activity 
was depressed for 5 + 2 hours in spite of rapid recovery of arterial oxygen content. Neuronal loss was 
found in the hippocampus. Neither epileptiform electroencephalographic activity nor infarction were 
observed. Three animais with poor blood gas levels died during the occlusion. 

CONCLUSION: An isolated and brief period of umbilical cord occlusion in utero can cause predominantly 
hippocampal damage without persistent functional changes in cortical activity and with rapid recovery of 
other potential indicators of fetal asphyxia. (Am J OasTeT GYNECOL 1992:167:1423-30.) 


Key words: Hippccampal damage, cord occlusion, fetal sheep 


Perinatal asphyxia is a major cause of handicapping 
encephalopathy. However, considerable controversy 
remains as to which factors determine the specific pat- 
terns of damage observed and to the timing of the 
insult. Increasing interest has focused on prepartum 
rather than intrapartum insults.'* Different clinical 
syndromes may reflect different causes and gestational 
ages. Umbilical cord occlusion either caused by fetal 
rotation or compression before or during labor has 
been frequently suggested as one cause of perinatal 
asphyxia.* * However, studies relating umbilical cord 
occlusion with neurologic outcome are few and difficult 
to interpret because of a variety of factors, including 
the uncontrolled nature of the challenge, experiments 
being performed in exteriorized fetuses under the 
influence of anesthesia, and lack of long-term re- 
covery.>” 

The purpose of our study was to examine the neu- 
rologic response to a standardized period of cord oc- 
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clusion in the chronically instrumented fetal sheep in 
late gestation. We observed a distinct pattern of neu- 
ronal loss. 


Methods 


Surgical procedures. Thirteen fetal sheep (120 to 
127 days’ gestation) were operated on after receiving 
halothane anesthesia (2%) with sterile techniques. Poly- 
vinyl catheters were inserted into each axillary artery, 
and an additional catheter was placed in the amniotic 
cavity. A reversible inflatable umbilical snare made of 
silicon tubing was placed around the umbilical cord. 
Two pairs of parietal electroencephalographic elec- 
trodes (AS633-5SSF Cooner wire) were inserted via 
parasagittal burrholes and placed bilaterally on the 
dura (skull coordinates relative to bregma: anterior 5 
and 15 mm, lateral 10 mm). To measure cortical imped- _- 
ance, a pair of current injection electrodes (AS633- 
3SSF Cooner wire) were placed between and laterally 
to the electroencephalographic electrodes.* The ma- 
ternal femoral vein was catheterized. After the oper- 
ation the ewe was housed in a cage at constant tem- 
perature (16° C) and humidity (50%) with free access 
to hay and water supplemented by sheep nuts and al- 
falfa. Antibiotics (gentamicin and penicillin) were ad- 
ministered to the ewe daily. 

Our study was approved by the Animal Ethical Com- 
mittee of the University of Auckland. 

Recordings. Calibrated electroencephalographic 
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and impedance signals were continuously recorded 
from 12 hours before the occlusion until 72 hours after 
the insult. The electroencephalographic signal wes 
sampled at 111 Hz, amplified 5000 times, and low-pass 
filtered at 30 Hz. An eighth-order Butterworth lov- 
pass filter was used with the cut-off frequency set with 
the —3 dB point at 30 Hz. Intensity (power) spectra 
were obtained by real-time spectral analysis.” The 
impedance signal was extracted from the electroen- 
cephalographic signal as earlier described.® The eles- 
troencephalographic spectra and impedance signal 
were averaged over 5.5-minute intervals, and each 
block of data was stored to disk. During the experiment, 
signals were recorded on an ink-jet chart recorder run- 
ning at 1 mm per minute. 

Fetal arterial blood pressure (corrected for amniotic 
pressure) and cortical impedance were recorded for 0.5 
hour before and for 1 hour subsequent to the occlusion. 
Heart rate was derived from the blood pressure. Signals 
were collected on a microcomputer (Real-Time Dara 
Acquisition System") averaged at 30-second intervals, 
and stored to disk. 

Experimental procedures. Experiments began 72 
hours after surgery. Three fetuses with poor blood gas 
levels (pH < 7.33; po, < 13 mm Hg) were excluded 
from analysis. All three fetuses died during the occlu- 
sion. After collection of basal daza the umbilical cord 
was occluded in six animals by inflating the cuff with 
sterile saline solution and deflating it after 10 minutes. 
Successful occlusion was confirmed by rapid flattenirg 
of the electroencephalogram observed on an analog 
recorder running at fast paper speed. Fetal arterial 
blcod samples were collected before the occlusion ard 
at 2-minute intervals during the occlusion. After ter- 
mination of the insult, blood was sampled at 5 minutes, 
l hour, 2 hours, and 72 hours. Arterial blood gas levels 
were determined (Radiometer, ABL 330, Copen- 
hagen), and whole-blood glucose and lactate measured 
(YSI 2300, Yellow Springs Instruments Co., Yellcw 
Springs, Ohio). At 72 hours after the occlusion the 
sheep was killed by intravenous sodium pentobarbital] 
(3.5 gm). The fetal brain was immediately perfused 
through the carotid arteries with 500 ml of physiologic 
saline solution followed by 500 ml of formaldehyde, 
acetic acid, methanol (1:1:8; FAM). The fixed brain 
was removed and placed in FAM for #24 hours. After 
processing and wax embedding coronal subserial sec- 
tions were cut at 8 um. Histologic slides were stained 
with thionin and acid fuchsin." 

Four control animals were treated exactly the same 
as animals in the experimental group except the um- 
bilical cord was not occluded, although the occluder 
had been placed around the umbilical cord at surgery. 

Analysis. Histologic neuronal loss was determined 


November 1992 
Am } Obstet Gynecol 


by examination under light microscope at 100x and 
400 x magnification. Brains were assessed as previously 
described." In brief, neurons with acidophilic (red) cy- 
toplasm were classified as dead, and all others were 
considered viable. Predetermined cerebral regions 
were scored by two independent assessors, one of whom 
was blind to the experiment. The proportion of dead 
neurons in each cerebral region was determined ac- 
cording to the following damage scale: 0, no dead 
neurons; 5, >0% to 10%; 30, 10% to 50%; 70, 50% to 
90%; 95, 90% to <100%; 100, 100% of neurons were 
dead. 

The electroencephalographic intensity was loga- 
rithmically transformed and normalized with respect 
to the 12-hour reference period before occlusion.” 
Elimination of short-term fluctuations was accom- 
plished by smoothing with a digital Blackman filter as 
previously described.? The maximum depression of 
electroencephalographic activity during the occlusion 


‘was determined from data that were cut off at 0.4 cy- 


cles/ point. Baseline, postinsult recovery period, and fi- 
nal 4-hour measurements were smoothed at 0.1 cycles/ 
point. Cortical hyperexcitability was defined as electro- 
encephalographic intensity =5 dB above the reference 
period with a shift towards the delta frequency band. 
We have previously shown that this pattern of hyper- 
excitability is associated with electromyographic evi- 
dence of seizure activity." Cortical impedance was nor- 
malized with respect to preinsult values but not 
smoothed. Impedance mezsurements were converted 
into estimated extracellular space according to the Max- 
well equation.° 

All parameters were compared between control and 
experimental animals by means of analysis of variance, 
with time as the repeated measure. When overall dif- 
ferences were found subgroups were subjected to New- 
man-Keul’s multiple comparison test. Linear regression 
was used to calculate correlation coefficients. Histologic 
damage scores were analyzed by analysis of variance, 
with regions as the repeated measures. Cerebral re- 
gions were then compared. with Newman-Keul’s mul- 
tiple.comparison test. The dorsal and ventral horns of 
the hippocampus were compared with Student’s £ test. 
All data is presented as mean + SEM. 


Results 


Control animals were not different from experimen- 
tal animals with respect to any preinsult parameter and 
showed no electrophysiologic and metabolic abnor- 
malities or histologic damage at the end of the exper- 
iment, 

The electroencephalographic activity was suppressed 
almost immediately (<1 minute) after inflation of the 
occluder (Fig. 1). During occlusion electroencephalo- 
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Fig. 1. Representative illustration of total electroencephalographic (EEG) intensity (norsmoothed) 
during and after 10 minutes of cord occlusion. Occlusion (time zero) resulted in a sharp drop in 
intensity (p < 0.001). At end of experiment (72 hours) electroencephalographic intensity was still 
mildly suppressed compared with control fetuses (p < 0.01). 


graphic intensity dropped by — 17 + 2 dB (p < 0.001). 
After release of the occluder, the intensity gradually 
increased toward preinsult values. At5 + 2 hours, the 
intensity had recovered to ~5 dB. However, electro- 
encephalographic intensity never fully returned to 
preocclusion values, being —2.5 + 0.6 dB at 72 hours 
(p < 0.01). Cortical hyperexcitability was not ob- 
served, . 

Cortical impedance increased during the occlusion 
(Fig. 2, top). At the end of the 10-minute asphyxia the 
impedance peaked at 120% + 6% (p < 0.01). From the 
Maxwell equation it was estimated that the extracellular 
space was 85% + 4% of preinsult values. Impedance 
then decreased to baseline and remained stable 
throughout the experiment. 

Blood pressure showed a biphasic response to as- 
phyxia with initial hypertension (80 + 4 mm Hg, 
p < 0.001, Fig. 2, middle). Subsequently blood pressure 
dropped, so that at the end of the occlusion the fetus 
was markedly hypotensive (24 + 5 mm Hg; p < 0.01). 
The period of hypotension lasted for 4.7 + 2 minutes. 
The magnitude of hypotension correlated with neu- 
ronal loss in the CA3 region of the hippocampus 


(r = —0.78, p < 0.01). After release of the cord cuff, 
blood pressure rose transiently above preasphyxia val- 
ues and then recovered gradually towards control 
values. 

An abrupt bradycardia occurred at the onset of oc- 
clusion, witha fall in heart rate from 178 + 11 to 
72 + 14 beats/min (p < 0.001, Fig. 2, bottom). During 
the asphyxia several transient increases in heart rate 
were observed. Bradycardia during the occlusion was 
correlated with neuronal loss in the CA3 region of the 
hippocampus (r = ~- 0.68, p < 90.05). After release of 
the cord occluder, heart rate recovered immediately 
and a transient tachycardia was observed. In 3 of 6 
animals an episode of bradycardia occurred during the 
hour after release of the occluder. 

During the occlusion severe respiratory acidosis, mild 
metabolic acidosis, and hypoxemia developed (Fig. 3). 
There was a transient elevation of glucose (p < 0.01) 
after release of the cord cuff; and the acidemia recov- 
ered slowly, with lactate levels only partially resolved at 
2 hours (p < 0.01). Three days after occlusion all met- 
abolic parameters were normal. 

Histologic examination showed neurologic damage, 
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Fig. 2. Changes in cortical impedance (top), blood pressure (middie), and heart rate (botiom) during 
znd after 10 minutes of umbilical cord occfusion in the fetal sheep. At 1 hour after the occlusion, 
all three parameters were normal. One asterisk, p < 0.05; two asterisks p < 0.01. 
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Fig. 3. Blood, gas, and metabolic measurements during and after 10 minutes of umbilical occlusion. 
All parameters were normal at end of experiment (72 hours). One asterish, p < 0.05. 
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Fig. 4. Neuronal (se score $ days after 10 mintes of wia occlusion. CA3 region of hippocampus 
had significantly more damage than any. othe- regions. PsCx, parasagittal cortex, LiCx, lateral cortex; 
' Str, striatum; DG, dentate gyrus; Thal, thalamus; Amg, amygdal. ' 


pidi in the ‘hippocampal regions (Fig. 4). Hip- ; 


pocampal region CA3 had more damage than regions 


CA1-2, CA4, and the parasagittal cortex, which‘ PERE 


more damaged than the striatum, dentate gyrus, thal- 


amus, ‘lateral cortex, .and amygdala (p < 0.05). More. 


neurons were lost in the dorsal horn of the hippocam- 
~ pus. compared with the ventral korn (p < 0.001). Se- 


lective neuronal loss in the parasagittal cortex’ was. 


found Predominant in layers 3 and 4. 


Comment 


The experimental approach used i in our study avoids 
the confounding factors present in previous studies of | 
umbilical cord occlusion. Thus experiments were’ pez- 


formed in chronically instrumented fetuses avoiding 


effects of anesthesia and surgical trauma; the experi- 


f “+ . ~ e 
ments were highly reprocucible,-and outcome was 


monitored both ‘histologically and electrophysiologi- 


„cally. The few earlier experimental studies of neuro- 


logic outcome after episodes of asphyxia in utero are 
difficult to interpret; they kave not used standardized 
insults and have not followed outcome for more ‘than 
a few hours after the primary insults. *? This is impor- 
tant because it is now clear that. postasphyxial events- ` 
may add to neuronal loss for many hours or even days 


K. after the insult is removed. For example, fetuses sub- . 


jected tọ, 30 minutes’ of carotid artery occlusion had 
secondary cerebral edema with intense seizures from 8 
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to 30 hours after the insult." Further, suppression of 
this epileptiform activity reduced the neuronal loss.” 

The almost exclusive hippocampal neuronal loss ob- 
served in our study contrasts with the distribution of 
neuronal loss seen in other approaches to cerebral as- 
phyxia in the fetal sheep. Previously we examined the 
effect of longer periods of uterine artery occlusion in 
the fetal sheep and observed neuronal loss predomi- 
nantly in the parasagittal cortex.’ Ten minutes of fetal 
carotid artery occlusion caused essentially no neuronal 
loss.' In the adult rat and gerbil, particular vulner- 
ability of hippocampal neurons has been reported’® '® 
and has been related to excitotoxin-induced neuronal 
death.” Hippocampal damage is a recognized pattern 
of damage in human beings after cardiac arrest, which 
clinically manifests itself as memory or cognitive de- 
fects.'* The distribution of neuronal loss we observed 
within the hippocampus supports earlier reports of loss 
of CA3 neurons in the immature brain rather than CA1 
neurons as occurs in the adult.'® 

The slight loss of electroencephalographic intensity 
observed 3 days after the insult is consistent with mild 
neuronal loss of the underlying parasagittal regions. 
We have previously shown that there is a close rela- 
tionship between changes in electroencephalographic 
activity and cortical neuronal loss after fetal ischemia." 
The electroencephalographic intensity in our study re- 
covered more slowly towards baseline levels than after 
10 minutes of carotid artery occlusion in the fetal 
sheep.'' Thus 10 minutes of global asphyxia appears 
to have greater impact on the maintenance and recov- 
ery of neuronal function than 10 minutes of cerebral 
ischemia, causing more neuronal loss. 

Metabolic factors may play a role in determining the 
severity and distribution of damage. Lactic acidosis has 
been suggested as a sensitizing factor, and whole blood 
lactate has been reported to reflect cerebral lactate con- 
centrations well.” However, the role of lactic acidosis 
in the development of cerebral damage is still contro- 
versial.*! Indeed, in vitro studies have shown that lactic 
acid can protect hippocampal neurons from ischemic 
injury.” In our study we observed only a mild lactic 
acidosis and a severe respiratory acidosis. In contrast, 
in prolonged partial asphyxia associated with uterine 
artery clamping, lactate levels are high (>14 mmol/L), 
and the hippocampal neurons are relatively spared 
compared with the parasagittal cortex." The presumed 
difference in cerebral lactate concentrations might be 
a partial explanation of the regional differences in neu- 
ronal loss between the two studies. 

Hemodynamic factors are also believed to play a role 
in the development of cerebral damage. In fetal sheep 
autoregulation of cerebral blood flow is lost when mean 
arterial pressure falls <30 mm Hg”; and cerebral per- 
fusion is further decreased by combined hypotension 
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and hypexemia.”* The fetuses in our study had both 
severe hypotension and hypoxemia; the degree of hy- 
potension correlated with histologic outcome in region 
CA3 of the hippocampus. The initial rise in blood pres- 
sure and immediate fall in fetal heart rate in response 
to asphyxia has earlier been described as a baroreceptor 
response to hypoxia in the fetal sheep.” Cardiovascular 
parameters showed some instability for £40 minutes 
after the release of the occluder. This cardiovascular 
instability may be of central origin and may add to any 
reperfusion injury. 

Attempts to correlate apparent perinatal asphyxia 
with subsequent learning disorders and cognitive dys- 
function have been relatively disappointing. It is in- 
creasingly recognized that many potentially damaging 
asphyxial episodes occur prepartum.’ Hippocampal 
damage is known to effect memory tn adult human 
beings.'* Our study demonstrates that a brief period of 
fetal cord occlusion can cause hippocampal neuronal 
loss. However, potential indexes of an asphyxial epi- 
sode such as cardiovascular instability and biochemical 
markers of asphyxia rapidly returned to normal after 
umbilical cord occlusion; the postasphyxial cortical ac- 
tivity indicated by the electroencephalogram was un- 
remarkable. Thus asphyxial insults producing signifi- 
cant neuronal loss in utero may well be covert. If such 


' observations can be extrapolated to man, they suggest 


that covert in utero episodes of asphyxia might occur 
that lead to neurologic sequelae. 
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Secretion of prolactin and insulin-like growth factor I by 
decidual explant cultures from pregnancies complicated by 
intrauterine growth retardation 


Linda J. Heffner, MD, PhD, Bryann S. Bromley, MD,* and Kenneth C. Copeland, MD” 


Boston, Massachusetts, and Burlington, Vermont 


OBJECTIVES: Prolactin and insulin-like growth factor | secretion elsewhere in the uterus have been 
shown to decrease when tissue-specific growth is limited. We investigated their secretion by decidual 
explant cultures from pregnancies complicated by feta! intrauterine growth retardation. 

STUDY DESIGN: Expiant cultures from 13 pregnancies complicated by intrauterine growth retardation 
and 12 contro! pregnancies were established in minimal essential medium and media was harvested after 
24 hours of culture. Prolactin and insulin-like growth factor | concentrations were determined by 
radioimmunoassay. Total protein in the media was also measured. Data were analyzed by analyses of 


variance and linear regression. 


RESULTS: Decidual prolactin secretion in the pregnancies with intrauterine growth retardation was 
reduced to 109 + 31 ng/100 mg tissue per 24 hours compared with 254 + 51 ng in the controls 

(p = 0.01). Insulin-like growth factor | secretion was reduced to 1.9 + 0.6 ng/100 mg tissue per 24 hours 
from 7.1 + 0.9 ng/100 mg in the controls (p < 0.0001). Total protein secretion did not differ between 

the two groups. Decidual prolactin and insulin-like growth factor | secretion had a highly significant 


positive correlation {r = 0.71, p = 0.0001}. 


CONCLUSIONS: Our data show that two protein hormones secreted by the maternal decidua are 
dramatically reduced in intrauterine growth retardation and warrant further investigation into their roles in 
the intrauterine environment. (Am J Osstet Gynecol 1992;167:1431-6.) 


Key words: Decidua, prolactin, insulin-like growth factor I, intrauterine growth retardation 


Intrauterine growth retardation (IUGR) is a serious 
disorder of fetal growth, usually evolving in the latter 
half of human pregnancy. Sometimes limited fetal 
growth results from a problem, such as a chromosomal 
trisomy, a major congenital malformation, or an in utero 
infection, originating within the fetus. More commonly, 
IUGR results from maternal conditions that are 
thought to reduce uterine or placental perfusion or, 
often, both. The mechanism by which decreased 
uteroplacental perfusion limits fetal growth is not fully 
understood but has been hypothesized to involve re- 
duced availability of nutrients.” ° 
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Maternal hypertension is a commonly encountered 
risk factor for the development of IUGR, presumably 
on the basis of decreased uteroplacental perfusion. 
Secretion of the hormone prolactin (PRL) by the de- 
cidua is decreased in pregnancies complicated by 
preeclampsia.” Amniotic fluid PRL, which is derived 
from decidual PRL, is decreased in pregnancies com- 
plicated by chronic hypertension. Because of the 
strong relationship between maternal hypertension and 
TUGR, we hypothesized that pregnancies complicated 
by IUGR would demonstrate reduced secretion of PRL 
by the decidua. Also, we recently found that insulin-like 
growth factor secretion is decreased along with PRL in 
explant cultures of uterine leiomyomas whose growth in 
vivo had been diminished by treatment with a gonado- 
tropin-releasing hormone agonist.” ° Although insulin- 
like growth factor production by the human decidua 
has not been reported yet, messenger ribonucleic acid 
from insulin-like growth factor I (IGF-I) has been dem- 
onstrated in both murine and porcine endometrium.” ° 
As a result of these observations, in our study we 
included measurement of both PRL and IGF-I 
secretion by explant cultures of decidua obtained from 
women whose fetuses clearly demonstrated IUGR un- 
associated with fetal chromosomal, anatomic, or infec- 
tious causes. 
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Material and methods | 

Subjects. Decidual tissue was obtained at delivery in 
13 pregnancies complicated by IUGR and in 12 control 
pregnancies, according to a protocol approved by the 
Committee for the Protection of Human Subjects from 
Research Risks of the Brigham and Women’s Hospital. 


All cases of IUGR were identified before delivery; ir- . 


- cluded were only those pregnancies. in which (1) serial 
ultrasonographic examination showed that fetal growth 
rate was severely impaired, i.e., progressively decreas- 
ing fetal weight percentiles to <10th percentile for 
gestational age, (2) ultrasonography showed moderate 
to severe oligohydramnios, and (3) the infant birth 
weight was <10th percentile for gestational age. Con- 
trols were randomly chosen from third-trimester preg- 
nancies delivered during the same time interval, in 
which there was no clinical suspicion of IUGR either 
antenatally or at delivery. 

Maternal ‘and neonatal charts were reviewed for the 
following: gestational age at delivery to the nearest 0.5 
week, birth weight, cesarean section or vaginal delivery, 
infant sex, and presence of either maternal or fetal risk 
factors for IUGR. Gestational age assignment was based 
either on a known last menstrual period confirmed by 
early clinical sizing or on a first-trimester ultrasono- 
graphic examination. Dubowitz examinations were 
available for the infants with IUGR and were consistent 
with the assigned dates in all cases. Maternal blood 
pressures throughout pregnancy, medical and obstetric 
histories, and smoking and drug use histories were 
reviewed in depth for all 25 patients. Placental patho- 
logic studies were available in 9 of 13 patients with 
IUGR. Newborn physical examinations, cord blood im- 
munoglobulin M titers for TORCH infections (toxo- 
plasmosis, rubella, cytomegalovirus, and herpes infec- 
tion), and urine cytomegalovirus cultures, when per- 
formed, were recorded. 

Explant cultures. Adherent decidua was obtained 
from the chorionic membranes immediately after deliv- 
ery with a modification of the method originally de- 
scribed by Riddick et al. Decidua parietalis was sepa- 
rated from the underlying membranous chorion at least 
5 cm from the placental border by scraping with a 
scalpel. The average yield of decidual tissue is 100 mg 
wet weight per pregnancy with this method. The tissue 
was further minced into 1 to 2 mm? explants in minimal 
essential medium and rinsed twice. Duplicate exp-ant 
cultures from each pregnancy were established in 2.0 
ml of minimal essential medium with Earle’s salts sup- 
plemented with glutamine, penicillin, and streptomy- 
cin, as described previously.’ Media were replaced at 4 
hours with fresh minimal essential medium, and the 
culture was continued for an additional 24 hours. All 
incubations were performed at 37° C in an atmosphere 
of 5% carbon dioxide in air with shaking. Media were 
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harvested and tissue remcved by centrifugation at 
14,000g before storage at — 30° C until all samples had 
been collected. Tissue was weighed after blotting on 
Whatman No. 50 filter paper. | 
Conditions for the explant cultures were chosen to 
optimally reflect the activity of the tissue at the time of 
its removal and hence reflect differences that exist in 
vivo. Secretory rates for’ decidual prolactin and for 
newly synthesized endometrial proteins have been dem- 
onstrated to be linear after 3 hours in culture® "; 
therefore cultures were refreshed with new minimal 
essential medium after 4 hours to assure that nonspe- 
cific protein release as a secondary effect of tissue 
disruption was complete. Media were harvested after 24 
hours because, although decidual PRL secretion by 
explants from normal pregnancies remains constant for 
at least 6 days in culture,'™ changes in PRL secretion 
seen in the IUGR specimens over extended culture 


- periods might reflect effects of the culture itself and not 


the in vivo activity. 

Hormone assays. Protein concentrations in the me- 
dia were determined by the method of Bradford’? with 
bovine serum albumin as standard. Results were initially 
determined in duplicate as micrograms of protein per 
milliliter of medium and expressed as mean micro- 
grams of protein per 100 mg of tissue per 24 hours 
secreted by each of the duplicate cultures from each 
patient. 

PRL was measured by homologous radioimmunoas- 
say with reagents generously provided by the National 
Hormone and Pituitary Program of the National Insti- 
tute of Arthritis, Diabetes, Digestive and Kidney Diseases 
and the University of Maryland. The PRL standard used 
was hPRL-I-7. The assay nas a sensitivity of 10 pg/ml 
(0.01 ug/L in SI units), with an intraassay coefficient of 
variation of 10%. All samples were run in duplicate in a 
single radioimmunoassay: in a blinded fashion. Results 
were initially determined as nanograms of PRL per mil- 
liliter.of medium and ex>dressed as mean nanograms 
PRL per 100 mg of tissue per 24 hours secreted by each 
of the duplicate cultures from each patient. 

IGF-I was measured by homologous radioimmunoas- 
say after acid-ethanol extraction, according to the 
method of Daughaday et al.’ and as described previ- 
ously.’ Values obtained after acid-ethanol extraction 
correlate highly with those obtained after G50-acid 
chromatography.’® Antiserum to IGF-I was obtained 
through the National Hormone and Pituitary Program 
(supplied by Drs. Van Wyk and Underwood, Chapel 
Hill, N.C.). IGF-I (Amgen, Thousand Oaks, Calif.) was 
used as standard and tracer, after iodination with so- 
dium—iodine 125 with chloramine T. The assay has a 
sensitivity of 1 ng/ml (1 ug/L in SI units), with an 
intraassay coefficient of variation of 4%. All samples 
were run in duplicate in a single radioimmunoassay in 
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Table I. Attribute data of IUGR and control pregnancies 


Birth weight percentile Gestational age (wk) Infant sex rtio 
(mean + SEM) (mean + SEM) (male/female) 
a” 


59.0 % 0.6" 0.85 77 
$8.9 = 0.5 0.83 55 





IUGR 13 


3 
Control 12 72 


*p < 0.0001. 


a blinded fashion. Results were initially determined as 
nanograms of IGF-I per milliliter of medium and ex- 
pressed as mean nanograms of IGF-I per 100 mg of 
tissue per 24 hours for each of the duplicate cultures 
from each patient. 

Histologic studies. To exclude differences in tissue 
composition or survival between the explant cultures 
from the two groups, light microscopic evaluation was 
performed on duplicate samples of decidua from three 
cases of IUGR and three controls. One duplicate was 
fixed in formalin after the 4-hour preincubation and 
the other after an additional 24 hours of culture. 
Samples were prepared routinely for light microscopy 
after embedding in paraffin, sectioning, and staining 
with hematoxylin and eosin. 

Analyses. Birth weight percentiles were calculated 
with gestational age-specific birth weight distribu- 
tions. '® Differences in means for all continuous variables 
(birth weight percentiles, gestational age, PRL, IGF-I, 
and protein) between the IUGR and control pregnan- 
cles were compared by analyses of variance in a general 
linear model array.'’ Protein and hormone assay results 
for the duplicate cultures were entered individually, and 
the repeated measures treated in a multivariate model. 
Where appropriate, regression analyses and analyses of 
covariance were performed with the same program. 
Nonparametric attribute data in the IUGR and control 
groups were compared with x” analyses. 


Results 


Comparison of the attribute data in the two groups 
revealed that the IUGR and control groups differed in 
their mean birth weight percentiles and gestational 
ages but not in their route of delivery or infant sex ratio 
(Table I). Identifiable maternal risk factors for IUGR 
were present in nine cases and were all related to 
potential compromise of uteroplacental blood flow. 
They included chronic hypertension (n = 3), pregnan- 
cy-induced hypertension including preeclampsia 
(n = 4), and substance abuse (cigarettes, n = 1; co- 
caine, n = 1). Placental pathologic examination showed 
infarcts or vasculopathy in four of these cases. No infant 
had any recognizable malformation, and karyotypes, 
when obtained, were normal. Fetal intrauterine infec- 
tion was eliminated as a cause of IUGR in all cases. 

The results of the PRL, IGF-I, and protein secretion 
by the decidual explant cultures in vitro are shown in 
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Cesarean section 


delivery (%) 






Fig. 1. There is a striking decrease in the amount of 
both PRL and IGF-I secreted by the decidua from the 
IUGR pregnancies when compared with the controls. 
The mean PRL concentration in the culture medium 
from the IUGR pregnancies was only 40% of the con- 
trols and IGF-I was only 20%. The gestational age 
difference does not affect interpretation of the PRL 
data, because PRL secretion by the decidua has been 
shown to remain constant after the thirty-second week 
of pregnancy.'* However, because IGF-I production by 
the decidua has not been investigated previously, it was 
not known if the differences seen in IGF-I secretion 
could be explained solely on the basis of the mean 
gestational age difference of 3 weeks between the IUGR 
and control pregnancies. Regression analysis showed 
that IGF-I secretion did correlate with gestational age 
in the combined treatment groups (r = 0.41, p = 0.02). 
The 35% overlap in the range of gestational ages 
between the IUGR and control pregnancies made it 
possible to analyze the potential impact of the mean 
gestational age difference on IGF-I secretion through 
an analysis of covariance. The decrease in IGF-I secre- 
tion in the IUGR pregnancies compared with the con- 
trols remained highly statistically significant (p < 
0.0001) in the analysis of covariance when the gesta- 
tional age effect on IGF-I secretion was controlled for. 

The decrease in decidual secretion of the two protein 
hormones PRL and IGF-I appears relatively specific 
because overall protein secretion by the decidua did not 
differ between the IUGR and control pregnancies 
(p = 0.07, Fig. 1). No histologic differences were found 
among the samples from the subjects with IUGR and 
the controls, einer at the beginning or end of the 
cultures (Fig. 2). At both times sheets of plump decidual 
cells interspersed with small amounts of connective 
tissue were obtained. Nuclear integrity and cell relation- 
ships were preserved after 24 hours in both groups. 

The relationships between IGF-I, PRL, and total 
protein secretion were determined by regression anal- 
yses in both groups of pregnancies. There was a highly 
significant positive correlation between IGF-I and PRL 
secretion in the combined group of pregnancies, which 
may be seen in Fig. 3. IGF-I secretion correlated neg- 
atively with total protein secretion (r= —0.39, 
p = 0.03); PRL did not correlate at all with total protein 
secretion (r = —0.10, p = 0.5). 

Comparison of the IGF-I and PRL data in the IUGR 
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IUGR (N=13) 
Control (N=12) 
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Fig. 1. Protein hormone concentrations in media from decidual explant cultures of pregnancies 
complicated by IUGR and from controls. IGF-I, PRL, and total protein secretion by decidual explants 
were measured after 24 hours of culture. Bars, Mean quantities of each protein accumulated in 
medium and standardized to wet tissue weight; Lines, SEM; asterisk, p = 0.001, IUGR versus controls; 
two asterisks, p < 0.0001, IUGR versus controls, corrected for gestational age. 





patients by either maternal risk factor group or placen- 
tal pathologic conditions did not reveal any differences 


between the groups. 


Comment 
Our data demonstrate a dramatic decrease in the 
concentrations of two protein hormones, PRL and 
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Fig. 2. Photomicrographs of decidual explants before (7 and 2) and after (3 and 4) 24 hours of 
culture in minimal essential medium. Samples shown were obtained from a control (J and 3) and an 


IUGR pregnancy (2 and 4). (Original magnification x 900.) 


IGF-I, in the culture medium of short-term decidual 
explant cultures from human pregnancies complicated 
by IUGR. These observations are in agreement with 
those of Golander et al.* demonstrating decreased PRL 
secretion by the decidua of pregnancies complicated by 
preeclampsia and with the observations that amniotic 
fluid PRL concentrations are diminished in chronic 
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Fig. 3. Scattergram demonstrating correlation between PRL and IGF-I secretion over 24 hours by 
individual decidual explant cultures from both IUGR and control pregnancies (r = 0.71, p < 0.0001 


by linear regression analysis). 


hypertension.* Together, these findings suggest that 
clinical situations in which the intrauterine environment 
is compromised have the potential for altering the 
endocrine or paracrine milieu of the placenta and fetus. 

Although we did not directly measure hormone se- 
cretion in this study, several lines of evidence suggest 
that secretion, and not nonspecific release, was respon- 
sible for the differences, at least for PRL. First, it has 
been previously demonstrated that the PRL present in 
the medium after 3 hours of decidual explant culture is 
newly synthesized, not stored, PRL.'™ '* Also, total pro- 
tein accumulation in the medium from the two groups 
did not differ. Finally, the histologic data indicate that 
gross differences in tissue composition or survival under 
the culture conditions are not present. 

It is not known if these reductions in hormone secre- 
tion are caused by a decrement in the number of PRL- 
and IGF-producing cells in the decidua of IUGR preg- 
nancies or by altered regulatory signals originating 
within the decidua (maternal tissue) or within the pla- 
centa (fetal tissue). The decidual vasculature can be 
quite abnormal in pregnancies complicated by hyper- 
tension and by IUGR, with fibrin and thrombin depo- 
sition and vascular pathologic conditions demonstra- 
ble.'™ ” These anatomic abnormalities may produce a 
compromised environment that leads to specific cell 
dropout or to functional changes in specific cell types. 
It will be important to determine both the nature and 
origin of the reduction in these two decidual protein 
hormones in the IUGR pregnancy. 

Although IGF-I secretion during decidualization has 
been demonstrated in the rat uterus,” little is known 
about the cell type(s) involved or their relationship to 
PRL-producing cells in any species. In the current study 
media samples were extracted with acid-ethanol before 


assay to separate IGF-I from its binding protein. Al- 
though the values reported reflect total IGF-I in the 
media, it should not be assumed that they also reflect 
the amount of IGF-I free to interact with its receptor. 
The human decidual stroma produces an IGF-binding 
protein that may modulate the receptor binding and 
biologic activity of IGF-I.” IGF-I itself inhibits release 
of insulin-like growth factor—binding protein 1 by hu- 
man decidual cells in culture, suggesting very tight 
autocrine or paracrine regulation of the activity of 
IGF-I.” Isolation of subsets of decidual cells to deter- 
mine their interaction in regulating the secretion of all 
three proteins, PRL, IGF-I, and insulin-like growth 
factor—binding protein,’ will be important in future 
studies. 

The decrease in decidual prolactin secretion may be 
a primary response of the decidua to decreased perfu- 
sion, or it may be secondarily linked to the decreased 
IGF-I secretion. IGF-I has been shown to stimulate PRL 
secretion by decidual explants in culture.” If decidual 
or amniotic fluid PRL is involved in amniotic fluid 
volume regulation, as has been hypothesized by oth- 
ers,” then the decreased amniotic fluid volume (oligo- 
hydramnios) often seen in IUGR may result from the 
diminished decidual PRL produced by these preg- 
nancies. 

The finding that decidual secretion of IGF-I, an 
important growth factor in many tissues, is reduced in 
IUGR pregnancies raises interesting questions regard- 
ing the function of growth factors within the uterus 
during pregnancy. To date, the maternal decidua has 
not been investigated as a source of hormones with 
potential for growth regulation either of the placenta or 
fetus. Regression analyses on our data suggest that a 
positive correlation may exist between IGF-I secretion 
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by the decidua and infant birth weight (r = 0.58, 
p = 0.002). However, because the normal and IUGR 
groups are widely discordant in terms of both IGF-I 
concentrations and birth weights, this relationship must 


be considered only a preliminary finding at this time. 
Such a finding, if confirmed within a larger number of 
normally distributed subjects, would suggest the exist- 


ence of a maternal endocrine or paracrine component 
of fetal growth regulation within the uterus. 


i, 
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Human ovarian surface epithelial cells are capable of 
physically restructuring extracellular matrix 


Patricia A. Kruk, PhD, and Nelly Auersperg, MD, PhD 


Vancouver, British Columbia, Canada 


OBJECTIVE: After ovulation the human ovarian surface epithelium proliferates at the wound edges, 
migrates over the ovulatory defect, and contributes to its repair primarily by the action of proteolytic 
enzymes and by the deposition of new matrix material. We examined the potential for human ovarian 
surface epithelial cells to physically remodel extracellular matrix in culture, similar to collagen gel lattice 
contraction by fibroblasts, a well-known culture model for wound repair, as an additional role of human 


ovarian surface epithelium in wound repair. 


STUDY DESIGN: Human ovarian surface epithelium cells from ovarian biopsies of 11 patients were 
grown in culture and plated onto a combination of collagen gel and rat ovarian surface epithelial-derived 
extracellular matrix. The degree of matrix contraction was measured as the percentage of the Original 


culture diameter. 


RESULTS: Human ovarian surface epithelial cells surrounded and contracted the combination of matrices 
into a dense matrix organoid. The degree of organoid contraction was related to the number of human 
Ovarian surface epithelial cells plated per organoid and to the inclusion of fibroblasts within the collagen 
gel but was not affected either by adding epidermal growth factor and hydrocortisone to the culture 


medium or by reducing the serum component of the medium. 


CONCLUSION: Human ovarian surface epithelial organoids may be useful for the study of normal and 
abnormal ovarian events such as ovulatory wound repair and cyst formation. (Am J Osstet GYNECOL 


1992;167:1437-43.) 


Key words: Human ovarian surface epithelium, extracellular matrix 


Human ovarian surface epithelium invests the ovary 
and undergoes cyclic changes that are important for 
normal ovarian function. Functionally, human ovar- 
ian surface epithelium appears to provide a lubricated 
covering.’ Histochemical and ultrastructural studies in- 
dicate that ovarian surface epithelial cells are involved 
in both secretory and endocytotic activities,” so that 
human ovarian surface epithelium may be involved in 
the transport of material to and from the peritoneal 
cavity. Further, there is evidence that the ovarian sur- 
face epithelium releases lysosomal enzymes that may 
contribute to the breakdown of the stroma that overlays 
the preovulatory follicle,* and after ovulation it is 
thought that the ovarian surface epithelium proliferates 
at the wound edges and migrates to cover the ovulatory 
defect.’ Gillet et al. reported that the ovarian surface 
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surrounding the stigma was covered with a mixture of 
cells and fibrin clot and that human ovarian surface 
epithelial cells migrated from the wound edges under 
the ovulatory clot. They suggested that reepithelializa- 
tion of the stigma occurs under the ovulation mesh, 
which lifts off when healing is complete, similar to a skin 
wound. Like the fibroblasts responsible for skin wound 
repair, it has been suggested that ovarian surface epi- 
thelial cells contribute to ovulatory wound repair by the 
degradation of existing extracellular matrix through 
the action of proteolytic enzymes and by the deposition 
of matrix material.*° 

In 1979 Bell et al.° reported that fibroblasts, incor- 
porated in a collagen gel, contracted the gel into a 
dense collagen matrix of greatly reduced diameter. 
Collagen gel lattice contraction has been characterized 
in great detail because it is thought to mimic in vivo 
phenomena such as wound contraction during wound 
repair and tissue morphogenesis.*'* This study was un- 
dertaken to determine if human ovarian surface epithe- 
lial cells might have a similar capacity to contribute to 
wound repair by physically remodeling extracellular 
matrix by matrix contraction. 


Material and methods 

Cell culture. Biopsy specimens of normal ovary were 
obtained from women aged 21 to 66 years undergoing 
surgery for nonmalignant gynecologic disorders. Each 
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Fig. 1. Diagramatic cross section through culture dish illus- 
trates components of organoid. Culture dishes are first layered 
with agarose to prevent human ovarian surface epithelium 
(HOSE) cells from attaching to underlying plastic. Layer of rat 
tail tendon—derived collagen gel is then layered over agarose 
and allowed to gel overnight. A ROSE 199 extracellular matrix 
(ECM) is then placed on top of the collagen gel, and finally 
suspension of human ovarian surface epithelium cells is placed 
on top of the ROSE 199 extracellular matrix, 


of the 11 specimens was assigned a code name to 
maintain patient confidentiality. Specimens were exam- 
ined with a dissecting microscope, and areas of smooth- 
surface epithelium, that is, areas devoid of surface 
papillae, blood vessels, corpora luteum, and other 
surface anomalies, were used for subsequent cul- 
ture. Human ovarian surface epithelium was scraped 
from the surface of the ovarian specimens and the 
cells were cultured as described previously'’ in me- 
dium 199/MCDB 105/15% fetal bovine serum with 25 
ug/ml gentamicin and passaged with 0.06% trypsin 
(1:250)/0.01% ethylenediametetraacetic acid when con- 
fluent. The cells’ origin in human ovarian surface epi- 
thelium was initially confirmed by their characteristic 
epithelial morphologic features and keratin expres- 
sion.'* '* The origin and growth characteristics of the 
spontaneously immortalized rat ovarian surface epithe- 
lial cell line ROSE 199 have been described.'" ROSE 
199 cells secrete an extracellular matrix that contains as 
one of its major components banded fibrils character- 
istic of interstitial collagen.'° ROSE 199 cells grow as a 
characteristic cobblestone monolayer, but when 
crowded, these cells form ridges and multiple cell layers 
by virtue of their ability to deposit extracellular matrix 
between cell layers. For extracellular matrix production 
ROSE 199 cells were seeded sparsely in 35 mm culture 
dishes (Costar, Toronto) in Waymouth’s medium 752/1 
with either 10% fetal bovine serum or 10% OMNI 
serum (Advanced Biotechnologies, Inc., Columbia, 
Md.) and 25 pg/ml gentamicin. The cultures were 
maintained for 6 weeks after confluence to encourage 
extracellular matrix deposition. All cultures were incu- 
bated at 37° C in 5% carbon dioxide/95% air, and the 
medium was changed as required. Culture reagents 
were obtained from Grand Island Biologic (Gibco, 
Grand Island, N.Y.) and Sigma (St. Louis) and serum 
from Hyclone (Logan, Ut.). 
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Preparation of organoids. ROSE 199 cell-free extra- 
cellular matrices'’ were prepared from ROSE 199 cul- 
tures by treatment with ammonium hydroxide. ROSE 
199 cultures that were 6 weeks after confluence were 
rinsed rapidly with sterile double-distilled water, treated 
with 20 mmol/L ammonium hydroxide for 5 minutes, 
washed thoroughly with double-distilled water, then 
with complete Hanks’ balanced salt solution, and stored 
at 4° C for up to | week. 

The ROSE 199-derived extracellular matrices were 
used in conjunction with collagen gels to make a com- 
plex three-dimensional tissue culture model that will be 
referred to as an organoid. The components of this 
model are outlined in Fig. 1. To ensure that human 
ovarian surface epithelial cells interacted with the com- 
ponents of the organoid model and not with the un- 
derlying plastic, 12 mm wells (NUNC, Gibco, Grand 
Island, N.Y.) were coated with 1% agarose (Gibco). To 
prepare collagen gels, one part 0.34N sodium hydrox- 
ide was mixed with two parts 10x medium 199 and 
then added to 12 parts rat tail tendon—derived collagen 
gel solution.'* Then 0.4 ml of this solution was added 
to each agarose-coated well and allowed to gel over- 
night at 37° C. Finally, a ROSE 199 extracellular matrix 
was detached from its culture dish and deposited on 
top of the collagen gel. Human ovarian surface epi- 
thelial cell suspensions from 11 different cases, varying 
from 50,000 to 300,000 cells per well, were placed on 
top of the organoid setup. Organoids were periodically 
examined and maintained until there was no further 
change in the amount of contraction (up to 14 days). 
Organoid contraction was quantified by measuring the 
maximum and minimum axes to the nearest 0.5 mm 
with a ruler. The average diameter of each organoid 
was calculated and expressed as a percentage of its 
original, uncontracted diameter in the culture well. The 
organoids were then fixed in alcohol, embedded in 
paraffin, and examined after either staining with he- 
matoxylin and eosin or immunocytochemical staining 
for keratin. 

Various culture conditions have been shown to affect 
collagen gel contraction by fibroblasts.” > '® '~ To test 
similar effects on human ovarian surface epithelial— 
mediated matrix contraction, the following variables 
were tested: (1) Organoids were seeded with varying 
numbers of human ovarian surface epithelial cells; (2) 
24 hours after organoid setup the medium was replaced 
with medium containing 20 ng/ml epidermal growth 
factor and 0.4 ug/ml hydrocortisone; (3) 24 hours after 
organoid setup the medium was replaced with reduced 
serum—containing medium consisting of medium 
199/MCDB 105 (1:1) supplemented with 2% Peder- 
son’s fetuin (PC-1, Ventrex, Portland, Me., 500 ug/ml), 
15 pg/ml insulin, 200 pg/ml transferrin, 0.33 pg/ml 
ethanolamine, 20 ng/ml phosphatidylcholine, and 0.1 
pg/ml lipoic acid (199:105/PC-1); (4) 5000 National 
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Institutes of Health 3T3 fibroblasts were included in the 
collagen gel layer to mimic stromal cells. 

Keratin staining. Keratin was demonstrated with the 
monoclonal antibodies AE] and AE3" according to the 
method of Wilson et al.” with horseradish perixodase— 
conjugated goat antimouse immunoglobulin G (Biorad, 
Richmond, Calif.) as the second antibody; the reaction 
developed with 0.24 gm of 3,3'-diaminobenzidine (Sig- 
ma) in 400 ml of Tris and 0.24 ml of 50% hydrogen 
peroxide. The reaction was stopped with water, and 
the specimens were counterstained in hematoxylin. 
Controls consisted of specimens stained with phos- 
phate-buffered saline solution instead of primary 
antibody. 


Results 


Throughout this study the growth patterns of human 
ovarian surface epithelial cells and ROSE 199 cells 
resembled those reported previously.'*'® Human ovar- 
ian surface epithelial or ROSE 199 cells plated onto 
agarose did not adhere to the surface and remained as 
floating aggregates. When transferred to plastic after 24 
hours, the cells had remained viable as indicated by 
their ability to adhere to and spread onto the plastic 
(data not shown). Human ovarian surface epithelial 
cells plated on either collagen gel alone or ROSE 199 
extracellular matrix alone attached but failed to con- 
tract either of these matrices. Further, human ovarian 
surface epithelial cells did not proliferate when plated 
onto either ROSE 199 extracellular matrices or col- 
lagen gels (data not shown). However, when human 
ovarian surface epithelial cells were placed on a com- 
bination of ROSE 199 extracellular matrix and collagen 
gels, the cells spread over the entire mixture and 
contracted it into small organoids (Fig. 2), demonstrat- 
ing their ability to physically remodel extracellular ma- 
trix. Fig. 2, A, illustrates three organoids in varying 
degrees of contraction and a control well without hu- 
man ovarian surface epithelial cells. Cross sections of 
organoids revealed that the ROSE 199 extracellular 
matrix becomes embedded in the collagen gel, that 
human ovarian surface epithelial cells envelop the or- 
ganoid, that the majority of human ovarian surface 
epithelial cells remain on the surface of the organoids 
with only a few scattered cells found within the stroma, 
and that they remain epithelial as they retain keratin 
(Fig. 2, B). Mitotic figures were not seen in sections of 
human ovarian surface epithelial organoids, suggesting 
that the cells do not proliferate in the organoids. Table 
I summarizes the number of organoids prepared. The 
degree to which human ovarian surface epithelial cells 
contracted organoids varied among cases (Table I, top 
and bottom sections). The degree of organoid contrac- 
tion ranged from a maximally contracted organoid 
averaging 0.4 mm in diameter to uncontracted orga- 
noids averaging 12 mm in diameters, which represent 
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Fig. 2. When human ovarian surface epithelium cells are 
plated onto ROSE 199 extracellular matrix—coated collagen 
gels, the cells extend over both matrices and contract them 
into organoids. A, Three human ovarian surface epithelium 
organoids demonstrating different degrees of organoid con- 
traction along with one control well devoid of cells (lower left 
wall). Upper right well, Maximally contracted organoid. Note 
that in lower right well the outer uniform, opaque collagen gel 
(arrowhead) is being contracted about centrally located dense 
ROSE 199 extracellular matrix (arrow) so that extracellular 
matrix becomes embedded in the collagen gel. (Original 
magnification X 1.6.) B, Cross section of organoid stained 
immunocytochemically for keratin illustrates that the majority 
of human ovarian surface epithelium cells are on the organoid 
surface and retain keratin, as indicated by darkly stained cells. 
(Original magnification X 135.) 


3% and 100% of the original organoid diameters, re- 
spectively. However, within cases the degree of contrac- 
tion was directly related to the number of human 
ovarian surface epithelial cells seeded per organoid 
(Fig. 3, A, and Table I, bottom section) and the inclu- 
sion of 313 fibroblasts (Fig. 3, B). Adding epidermal 
growth factor/hydrocortisone or reducing the serum 
content of the medium did not affect the degree of 
contraction (Fig. 3, B). Contraction appeared to occur 
only when ROSE 199 extracellular matrices were in 
direct contact with and anchored to the collagen gels. 
Although the majority of ROSE 199 extracellular ma- 
trices spontaneously adhered to the collagen gels, in a 
few instances (Pere p3, Sam p3, Solo p5) ROSE 199 
extracellular matrices remained floating when the or- 
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Table I. Contraction of human ovarian surface epithelium organoids 





No. of human ovarian 
surface epithelium 
cells seeded per organoid 





Case passage 














No. of contracted 
organoids per No. of 
organoids in setup 





Degree of contraction 
(% original diameter) 





Effect of cell number and culture conditions on organoid contraction 


Dose p4 200,000 4/4 10 
Welch p4 80,000 2/2 13 
Gar p3 80,000 4/4 15 
Sub p3 50,000 3/3 75 
Natty pl 150,000 5/5 15 
Natty p3 50,000 5/5 60 
Gar p4 50,000 4/4* 30t, 38-42 
Mehal p5 50,000 4/4* 23+, 30-35 
Solo p5 170,000 4/4* 12+, 17-20 
Van p5 250,000 4/4* 3t, 9-11 
Pere p6 300,000 8/8* 3.5t, 4-5 
Pere p8 140,000 8/8* 14t, 29-32 
Pere p5 57,000 8/8* 25t, 34-37 
Effect of contact between ROSE 199 extracellular matrix and collagen gel on organoid contraction 

Sam p3 100,000 2/34 15 
Pere p3 100,000 2/3§ 22 
Solo p5 100,000 5/5§ 60 
Any p6 20,000 0/4|| 100 


L aaalllt 


*Organoids were maintained under different conditions singly or in duplicate (1) in 199:105/15% fetal bovine serum; (2) in 
199:105/15% fetal bovine serum supplemented with epidermal growth factor/hydrocortisone; (3) in 199:105/PC-1, and (4) in 
199:105/15% fetal bovine serum with 3T3 fibroblasts added to the collagen gel component of the organoid. See also Fig. 3. 


+Of the culture variables examined, maximal contraction occurred in organoids in which 3T3 fibroblasts were added to the 


collagen gel. See also Fig. 3. 


tOne of three extracellular matrixes was orginally attached to the collagen gel, but after treatment with cloning cylinders two of 
three ROSE 199 extracellular matrixes were attached to the collagen gel. 


§ Two of seven extracellular matrixes were originally attached to the collagen gel, but after treatment with cloning cylinders five 
of seven ROSE 199 extracellular matrixes were attached to the collagen gel. 


|All ROSE 199 extracellular matrixes failed to attach to the collagen gel, even after treatment with cloning cylinders. 


ganoids were prepared so that the cells adhered to the 
collagen gel. Under these conditions contraction did 
not take place. However, they often contracted after 
these floating ROSE 199 extracellular matrices were 
anchored into the collagen gels by placing a cloning 
cylinder on top of them for 24 hours (Table I, bottom 
section). 


Comment 


The human ovarian surface epithelium is the source 
of most ovarian carcinomas, which are the leading cause 
of death from gynecologic cancer in North American 
women.” In spite of its clinical importance, relatively 
little is known about the physiologic and pathologic 
conditions of this epithelium, because until recently no 
adequate experimental systems for its study were avail- 
able. Some of its specific characteristics, nutritional 
requirements, and responses to growth factors have 
now been defined under culture conditions.'* '* ~~ In 
this study we undertook to examine a further function 
of human ovarian surface epithelial cells, that being the 
capacity to remodel extracellular matrix by matrix con- 
traction. 

It is well established that fibroblasts contract un- 
rimmed collagen gels,° and this process has served as a 
model for wound repair in culture.” 1o ™ Recently, 
Schafer et al.'* reported on the ability of keratinocytes 


to contract unrimmed collagen gels; they suggested 
that keratinocytes also play a role in this aspect of 
wound repair. Matrix contraction has also been used as 
a model for other normal and abnormal cellular activ- 
ities.'''® On the basis of the results of this study, human 
ovarian surface epithelial cells can now be added to the 
list of nonfibroblastic cells capable of physically remod- 
eling extracellular matrix. Their physical ability to con- 
tract extracellular matrix parallels the fibroblast model 
of wound repair and may be important for repair of the 
ovulatory defect. Interesting, Schafer et al.'* noted that 
the degree of gel contraction increased with increasing 
age of donor keratinocytes, and the authors suggested 
that the changes in dermal collagen and the wrinkling 
of skin with age may be related to keratinocyte function. 
It is tempting to speculate that perhaps the ovarian 
shrinkage observed with age is facilitated in part by the 
matrix remodeling capabilities of human ovarian sur- 
face epithelial cells. 

The morphologic events associated with organoid 
contraction by human ovarian surface epithelial cells 
appear to be the same to those described for collagen 
gel contraction by fibroblasts” and suggest that contrac- 
tion occurs by the same process in both systems. In the 
fibroblast model gel contraction is analogous to squeez- 
ing water out of a sponge. Gel contraction does not 
involve collagen degradation but rather consolidation 
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Fig. 3. A, Effect of cell number on degree of organoid contraction was compared among organoids 
seeded with 5.7 x 10* cells (open squares), 1.4 x 10° cells (solid diamonds), and 3.0 x 10° cells 
(solid squares). B, Degree of organoid contraction was compared among organoids maintained 
in 199:105/15% fetal bovine serum (open squares), in 199:105/15% fetal bovine serum supple- 
mented with 20 ng/ml epidermal growth factor and 0.4 pg/ml! hydrocortisone (solid diamonds), in 
199: 105/PC-1 (solid squares), and factor with 3T3 fibroblasts (open diamonds). Contraction is measured 
as change in diameter from original uncontracted state and expressed as percent original diameter. 


Data in A and B are derived from same case. 


of collagen fibers.® ° A dense cellular ring appears along 
the edge of the contracting gel, and the cells along the 
edge align themselves in a circumferential pattern on 
the perimeter of the gel.” Contraction of collagen gels is 
thought to result from the tractional forces exerted by 
cells on collagen fibers.'” * 

All organoids in which the ROSE 199 extracellular 
matrices were not attached to the collagen gel failed to 
contract. Similarly, human ovarian surface epithelial 
cells plated onto unrimmed collagen gels alone failed to 
contract, suggesting that under these conditions they 
may not be able to generate sufficient tractional force to 


contract matrix. If ROSE 199 extracellular matrices 
were attached to the collagen gels, then the human 
ovarian surface epithelial cells contracted the orga- 
noids. This indicates that one definite requirement for 
organoid contraction is that the ROSE 199 extracellular 
matrix had to be in direct contact with the collagen gel 
component of the organoid. The role of ROSE 199 
extracellular matrix in organoid contraction is un- 
known. It is possible that interaction between the col- 
lagen gel and components of the ROSE 199 extracel- 
lular matrix (i.e., fibronectin) may result in matrix- 
driven translocation. Matrix-driven translocation is a 
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biophysical process in which there is rapid movement of 
cells or inert particles from one region of a nonuniform 
collagen or fibronectin matrix to another.** In orga- 
noids a matrix-driven translocation-like process gener- 
ated by the interaction of collagen gel and ROSE 
199—derived fibronectin or laminin may serve to dis- 
tribute human ovarian surface epithelial cells around 
the organoid so that the cells can then contract the 
organoid. Alternatively, matrix-driven translocation-like 
processes may add to the existing tractional forces 
exerted by the cells to generate sufficient total force to 
contract the organoid. However, these processes could. 
not be solely responsible for organoid contraction, be- 
cause control organoids (i.e., without cells) failed to 
contract. Further, interaction between collagen gel and 
ROSE 199 extracellular matrix components may re- 
align or cross-link the existing matrices. Such matrix 
interactions might serve to enhance organoid contrac- 
tion, because the tractional forces exerted by human 
ovarian surface epithelium cells could be transmitted 
throughout the reorganized, interlocking matrix 
network. 

Although the exact mechanism of matrix contraction 
is unknown, a number of factors have been reported to 
influence gel contraction. These include cell number 
and concentration of collagen gel,” '* serum,’ trans- 
forming growth factor-B,’* ° platelet-derived growtn 
factor,’ and heparin.” Epidermal growth factor and 
transforming growth factor-a appear to have no effect 
on gel contraction,’® ° which is in agreement with tke 
results in this study. Human ovarian surface epithelial 
cells may be independent of the effects of some exoz- 
enous growth factors that influence gel contractioa, 
because human ovarian surface epithelial cells are @- 
pable of autonomous production of growth factors *° 
Potential mechanisms by which growth factors such as 
platelet-derived growth factor or transforming growth 
factor-8 influence gel contraction include increased 
synthesis of extracellular matrix, reorganization of actin 
or matrix receptors, and stimulazion of cell migraticn. 
In the current study the addition of 313 fibroblasts to 
human ovarian surface epithelial organoids increased 
the’ degree of contraction. This is in agreement with 
other reports that used the coculture of stromal and 
epithelial components to more accurately represent a 
reconstruction of the in vivo situation.’* `? 

The use of fibroblast-mediated collagen gel contrac- 
tion and human ovarian surface epithelial-mediaied 
organoid contraction appear to be relevant model sys- 
tems for wound healing. Human ovarian surface epi- 
thelial organoids may provide z model system for the 
study of normal and abnormal ovarian conditions, sach 
as ovulatory wound repair, ovarian shrinkage with age, 
and cyst’ formation. 
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Autonomic and arginine vasopressin modulation of the 
hypoxia-induced atrial natriuretic factor release in 
immature and mature ovine fetuses 


Cecilia Y. Cheung, PhD 
La Jolla, California 


OBJECTIVE: This study investigated the maturational change in the atrial natriuretic factor response to 
hypoxia in ovine fetuses and the role of the autonomic nervous system and arginine vasopressin in 


modulating this response. 


STUDY DESIGN: Chronically catheterized ovine fetuses from 110 to 135 days’ gestation were subjected 
to 30 minutes of hypoxia. The fetuses were either intact, treated with hexamethonium to block the 
autonomic nervous system, or treated with a pressor antagonist of arginine vasopressin. 

RESULTS: Hypoxia elevated plasma atrial natriuretic factor levels by 1635 + 265 pg/ml in immature 
fetuses; this response was greater than the increase of 748 + 189 pg/ml in mature fetuses (p < 0.0001). 
Blockade of the autonomic nervous system reduced the atrial natriuretic factor response and suppressed 
the vascular pressure changes to hypoxia in immature but not in mature fetuses. A vasopressin pressor 
antagonist suppressed the atrial natriuretic factor but not vascular oem responses to hypoxia in 


mature fetuses. 


CONCLUSIONS: This study demonstrates that the immature fetus manifested a greater atrial natriuretic 
factor response to hypoxia than did the mature fetus. This enhanced response appeared to be 
dependent on the modulatory effects of the autonomic nervous system on vascular pressures during 
hypoxia. In addition, arginine vasopressin appeared to augment the atrial natriuretic factor response to 
hypoxia in the mature fetus independent of vascular pressure changes. (Am J OssTet GYNECOL 


1992:167:1443-53,) 


Key words: Fetal development, reduced oxygen tension, autonomic nervous system, atrial 


natriuretic factor, arginine vasopressin 
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In the adult animal release of atrial natriuretic factor 
(ANF; from atrial myocytes is stimulated primarily by 
an increase in atrial pressure.’ Under conditions of 
vascular volume expansion™ * and increases in central 
venous pressure with the associated distention of the 
atria,“ plasma ANF concentrations are elevated. In 
addition, other stimuli such as hypoxia can significantly 
augment the release of ANF.° This effect of hypoxia on 
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ANF release is presumably mediated in part by both a- 
and §-adrenergic mechanisms in the heart.® 

In the fetus hypoxia similarly induces an increase in 
plasma ANF concentrations, and the magnitude of the 
increase is correlated with the cegree of hypoxia.” 
During fetal hypoxia the autonomic nervous system and 
the endocrine system are activated, resulting in in- 
creases in circulating levels of catecholamines and other 
hormones.’ These endocrine changes may mediate in 
part the ANF response to hypoxia either by a direct 
action of the hormones on the fetal heart or by the 
cardiovascular changes induced ty the hormones. In 
the fetus circulating norepinephrine and epinephrine” 
ana arginine vasopressin’ are elevated during hypoxia, 
and these hormones have been shown to modify the 
release of ANF in the adult.”"* In this study the role of 
the autonomic nervous system and arginine vasopressm 
in mediating the hypoxia-induced release of ANF in the 
ovine fetus was explored. In our previous study of the 
effect of hypoxia on ANF release, near-term ovine 
fetuses at 130 to 135 days’ gestation (term 145 to 150 
days) were used.” Because the autonomic nervous SYS- 
tem is not fully matured until 110 to 120 days’ gesta- 
tion,” ° the immature fetus may respond differently to 


hypoxia than the mature fetus. Thus this study was , 


designed to investigate the effects of hypoxia on ANF 
release in immature (<120 days) and mature (> 130 
days) fetuses in the presence or absence of an intact 
autonomic nervous system. 


Methods 


-For these studies 25 pregnant sheep of a Columtia- 
Ramboulliet cross (Nebeker Ranch, Lancaster, Calif.) 
with singleton fetuses were used. Surgery was per- 
formed under sterile conditions for the implantatior. of 
chronic vascular catheters into the fetus and the ewe by 
means of procedures described previously."* We fol- 
lowed the guidelines for the care and use of laboratory 


animals, and the protocol for these studies was ap- . 


proved by the Animal Subjects Committee of the Uni- 
versity of California, San Diego. Briefly, the ewe was 
anesthetized with intravenous sodium thiamylal and 
intubated; anesthesia was maintained with 1% to 2% 
halothane in oxygen. Catheters were placed in the fetal 
tibial artery and saphenous vein and in the maternal 
femoral artery and vein. In the immature fetuses cath- 
eters were placed in the femoral vessels. The catheters 
were advanced to the level cf the diaphragm. Two 
additional catheters were attached to the fetal skin for 
measurement of amniotic fluid pressure. A Tygon cath- 
eter (4 mm inner diameter) was placed in the maternal 
trachea without occluding the trachea.’ After surgery 
the animals were maintained on prophylactic antib:otics 
for 5 days.” 

The first experiment was conducted 25 days after 
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surgery. In nine animals a second experiment was 
carried out 2 days after the first experiment. In two 
animals a third experiment was carried out 2 days later. 
Those animals subjected to more than one experiment 
were randomly assigned to the intact or treated group 
for the first experiment and to the opposite group for 
the second experiment. The gestational age of the 
fetuses on the day of the experiment ranged from 110 
to 135 days. The experimental protocol consisted of a 
30-minute control period, 39 minutes of hypoxia, and 
60 minutes of recovery. In those experiments where 
hypoxia was studied after blockade of the autonomic 
nervous system, hexamethonium was administered as 
an intravenous bolus at 25 mg/kg to the fetus 30 
minutes before the onset of hypoxia. The effectiveness 
of the blockade was evidenced by a fall in heart rate and 
an absence of heart rate variability in both immature 
and mature fetuses. In addition, the amount of. hexa- 
methonium used was three to four times the amount 
required to achieve complete blockade of the fetal 
autonomic nervous system for =6 hours.’* ‘° In. those 
experiments where the effect of arginine vasopressin 
blockade was studied, an arginine vasopressin pressor 
antagonist, p(CH.),-Tyr(Me)AVP, was administered as a 
bolus of 25 ug per fetus 30 minutes before the onset of 
hypoxia. This was followed by a continuous infusion of 
the antagonist at 1 g/min for the duration of the 
experiment. This dose of antagonist was effective in 
blocking the arterial pressor response of a 25 ng intra- 
venous bolus of arginine vasopressin. 

Hypoxia was induced by infusing nitrogen containing 
5% carbon dioxide into the maternal trachea through 
the endotracheal tube while the ewe was freely breath- 
ing room air. The degree of hypoxia was controlled by 
varying the amount of nitrogen infused into the ewe. A 
total of 36 experiments were carried out, 14 in fetuses 
at 110 to 119 days’ gestation (immature group) and 22 
in fetuses at 130 to 135 days’ gestation (mature group). 
In the immature group there were seven experiments 
in intact fetuses and seven in autonomically blocked 
fetuses. In the mature group there were 10 experiments 
in intact fetuses, six in fetuses with autonomic blockade, 
and six in fetuses with blockade of arginine vasopressin. 


j Experiments with arginine vasopressin blockade were 


not performed in the immature fetuses. 

During the experiment fetal arterial pressure, venous 
pressure, heart rate, anc amniotic fluid pressure were 
continuously monitored on a polygraph recorder, and 
mean values were stored on disk at 30-second intervals 
by means of an on-line computer. Amniotic fluid pres- 
‘sure was used as the zero pressure reference for the 
fetal vascular pressures. Fetal arterial blood samples of 
3 ml each were collected at 10 minutes after the onset 
of the control period and at 15-minute intervals there- 
after for the remainder of the experiment. The fetal 
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Table I. Basal values of cardiovascular, blood gas, and hormone variables in ovine fetuses from 110 to 135 


days’ gestation (n = 36) 


a 


Arterial pressure (mm Hg) 41.89 + 0.64 
Venous pressure (mm Hg) 3.63 + 0.23 
Heart rate (beats/min) 175 + 3 

pH 7.334 + 0.006 
PCO, (mm Hg) 53.28 = 0.72 
POs (mm Hg) 23.10 + 0.48 
Hematocrit (%) 31.35 + 0.77 
ANF (pg/ml) 163 + 9 





r, Correlation coefficient from bivariate regression analysis. 


blood removed during sampling was replaced with an 
equal volume of maternal blood after each sample. One 
milliliter of the fetal blood was used to determine blood 
gases and pH (IL1302 automated blood gas analyzer, 
Instrumentation Laboratory, Lexington, Mass.). Micro- 
hematocrit in triplicate was measured and used for 
calculation of blood volume changes, according to pre- 
viously described methods.” This method is accurate 
for the determination of blood volume changes in the 
fetus, because the fetus does not have a releasable pool 
of red blood cells. Two milliliters of blood was placed in 
chilled heparinized tubes containing aprotinin (Trasy- 
lol, Sigma Chemical, St. Louis) at 500 kallikrein IU/ml. 
The samples were spun at 4° C and the plasma stored 
at —70° C for the determination of ANF concentra- 
tions. 

Plasma ANF concentrations were measured by a dou- 
ble-antibody radioimmunoassay by means of methods 
described previously.'* The antiserum was generated 
against human ANF,.3 (Peninsula Laboratories, Bel- 
mont, Calif.). Human ANF, og was used as standards 
and for iodination. The plasma samples were extracted 
with SepPak Cg columns (Waters Associates, Milford, 
Mass.) before analysis in the assay. With this extraction 
procedure the recovery of a known amount of ANF 
added to a fetal plasma pool was 86% + 3%. The 
interassay and intraassay coefficients of variation were 
13.4% and 3.9%, respectively, and the sensitivity of the 
assay was 3 pg per tube. 

In this study control experiments with no hypoxia 
were not performed. This was because in our recent 
hypoxia experiments in ovine fetuses we have carried 
out a series of control experiments where hypoxia was 
not induced but the fetuses were monitored and sam- 
pled with a protocol similar to that of the current 
experiment. We found that neither cardiovascular nor 
endocrine variables changed significantly during the 
entire 2-hour period of monitoring and blood sampling 
with no induction of hypoxia.’ 

For statistical analysis the data for the vascular pres- 
sures and heart rate were averaged over 10-minute 


Correlation with 
gestational age 


35.05 — 54.58 r = 0.227, p = 0.18 

0.86 — 7.61 r = 0.301, p = 0.07 
153 — 217 r= —0.356, p < 0.05 
7.216 — 7.387 r= —0.299, p = 0.08 
43.20 — 67.45 r= —0.042, p = 0.81 
18.50 — 31.00 r= —0.022, p = 0.99 

24.13 — 46.25 r = 0.099, p = 0.57 
70 — 260 r= —0.401, p < 0.02 


intervals. Values obtained during the 30-minute period 
preceding the hypoxia were taken as controls. All data 
are presented as mean + SE. To determine whether 
there were statistically significant changes with time in a 
given variable, a two-way analysis of variance for re- 
peated measures was used, with time and animal being 
the two factors. To compare the difference in response 
between intact and treated or immature and mature 
fetuses, a three-way analysis of variance was used, with 
treatment, animal, and time as the three factors. If the 
analysis revealed significant differences, Fisher’s least 
significant difference test for multiple comparisons was 
used to compare values at given time points. To deter- 
mine the relationship between two variables, standard 
bivariate regression analysis was performed. To explore 
interrelationships among several variables, multivariate 
regression analysis was performed. For the latter anal- 
ysis, the plasma ANF concentrations were log trans- 
formed before analysis to normalize the variance of the 
data. 

In the study of immature and mature fetuses the 
results of the catecholamine responses to hypoxia have 
been published in a separate manuscript.® In the study 
of arginine vasopressin blockade the arginine vaso- 
pressin and cardiovascular responses to hypoxia have 
been published previously.” 


Results 

Basal conditions. The basal values for all cardiovas- 
cular variables before drug treatment in the immature 
and mature groups of fetuses are shown in Table I. 
Under basal conditions heart rate correlated negatively 
with gestational age. Although arterial and venous pres- 
sures increased with advancing gestation, the rise did 


“not reach statistical significance. Basal plasma ANF 


concentrations demonstrated a weak but significant 
negative correlation with gestational age, where 
younger fetuses had higher plasma ANF concentra- 
tions. In addition, basal plasma hematocrit values were 
negatively correlated with plasma ANF concentrations 
(r = —0.498, p < 0.01). 
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Fig. 1. Changes in arterial Pog, Pco., and pH in immature (A) and mature (B) ovine fetuses in 
response to hypoxia. In each age group responses in intact fetuses (solid line and closed circle) are 
plotted against those in hexamethonium-treated fetuses (dashed line and cross). Vertical dotted lines mark 
the beginning and end of hypoxic period. See Methods section for number of animals in each group. 
For statistical analysis of data between treatment groups in immature and mature fetuses, refer to 


Results section. 


Blockade of the autonomic nervous system with h2xa- 
methonium resulted in varying effects on fetal cardio- 
vascular function. In the immature fetuses hexametho- 
nium reduced fetal heart rate (FHR) (Œ = 3.84, 
p < 0.01) and increased blood volume (F = 2.88, 
p < 0.05). Although hexamethonitum decreased basal 
vascular pressures, the effects were not significant. In 
these fetuses hexamethonium had no effect on arterial 
blood gases, pH, or plasma ANF concentrations. In the 
mature fetuses hexamethoniumn lowered arterial (F = 
8.87, p < 0.0001) and venous (F = 3.96, p < 0.01) 
pressure. FHR was suppressed (F = 4.62, p < 0.001) 
and blood volume was elevatec (F = 5.61, p < 0.01). In 
these fetuses plasma ANF concentrations and arterial 
blood gases and pH were not altered by hexametho- 
nium treatment. Treatment of mature fetuses with the 
vasopressin antagonist had no measurable effect on 
basal vascular pressures, heart rate, blood gaszs, or 
plasma ANF concentrations. 


Effect of autonomic blockade on responses to hy- 
poxia in immature and mature fetuses. In the imma- 
ture fetuses the arterial blood gases and pH changes in 
response to hypoxia in the intact and autonomically 
blocked groups are shown in Fig. 1. During the last 15 
minutes of hypoxia arterial Po, fell similarly in both 
intact and blocked fetuses by 14.1 + 0.7 mm Hg and 
14.1 + 0.9 mm Hg, respectively. In the immature intact 
fetuses hypoxia elevated plasma ANF concentrations 
from control levels of 133 + 17 pg/ml by 1635 + 265 
pg/ml (F = 27.7, p < 0.9001) (Fig. 2). In the immature 
blocked fetuses plasma ANF concentrations increased 
in response to hypoxia from control levels of 179 + 29 
pg/ml by 724 + 130 pg/ml (F = 12.8, p < 0.0001) (Fig. 
2). The ANF response in the autonomically blocked 
fetuses was significantly reduced compared with that in 
the intact fetuses (F = 5.89, p < 0.0001). 

In the mature fetuses the arterial blood gas and pH 
changes during hypoxia are shown in Fig. 1. During the 
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Fig. 2. Changes in plasma ANF concentrations in immature (A) and mature (B) ovine fetuses in 
response to hypoxia. In each age group responses in intact fetuses (solid line and closed circle) are 
plotted against those in hexamethonium-treated fetuses (dashed line and cross). Vertical dotted lines mark 
the beginning and end of hypoxic period. See Results section for statistical analysis of data. Asterisk, 
p < 0.95; three asterisks, p < 0.001; these are in comparison with hexamethonium-treated group at 


same time point. 


last 15 minutes arterial Pog fell by 11.2 + 1.0 mm Hg 
(F = 78.8, p < 0.0001) and 12.0+1.0 mm Hg 
(F = 53.3, p < 0.0001) in the intact and blocked 
groups, respectively, and the decrease was similar be- 
tween the two groups. Basal ANF concentrations in the 
intact and blocked fetuses were 147 + 16 pg/ml and 
110 + 12 pg/ml, respectively. Hypoxia increased 
plasma ANF concentrations by a maximum of 
748 + 189 pg/ml (F = 11.51, p < 0.0001) in the intact 
and 566 + 219 pg/ml (F = 4.68, p < 0.01) in the 
blocked group (Fig. 2). In the mature fetuses blockade 
of the autonomic nervous system did not alter the ANF 
response to hypoxia (F = 0.39, p not significant). 

To determine whether the ANF response to hypoxia 
was dependent on gestational age, the responses in the 
immature and mature fetuses were compared. In the 
intact groups the ANF response in the immature fetuses 
was significantly greater than that in the mature fetuses 
(F = 5.85, p < 0.0001). Similarly, in the hexametho- 
nium-treated groups the ANF response was greater m 
the immature than in the mature fetuses (F = 3.59, 
p < 0.01). 

The effects of hypoxia on fetal cardiovascular func- 
tion are shown in Fig. 3. In the immature tntact fetuses 
hypoxia induced an increase in arterial pressure 
(F = 17.6, p < 0.0001) and venous pressure (F = 13.6, 
p < 0.0001), whereas FHR was reduced (F = 32.4, 
p < 0.0001). In the immature fetuses treated with 


hexamethonium arterial pressure decreased rather `’ 


than increased during hypoxia (F = 10.5, p < 0.0001). 
Venous pressure did not change significantly (F = 1.16, 
p = 0.34), and FHR increased (F = 4.59, p < 0.001). 
The cardiovascular responses in the immature intact 
fetuses differed from those in the immature blocked 
fetuses for arterial pressure (F = 4.71, p < 0.0001), 
venous pressure (F = 2.25, p < 0.05), and heart rate 
(F = 21.6, p < 0.0001). 

In the mature intact fetuses hypoxia induced an 
increase in arterial pressure (F = 8.40, p < 0.0001). 
Venous pressure was similarly elevated (F = 9.17, 
p < 0.0001) and FHR decreased (F = 14.54, 
p < 9.0001). In the mature fetuses treated with hexa- 
methonium arterial pressure did not change during 
hypoxia. Venous pressure increased but the increase 
was not statistically significant (F = 2.00, p = 0.09). 
FHR did not change significantly during hypoxia 
(F = 2.22, p = 0.06). In the mature fetuses there were 
Significant differences in the arterial pressure 
(F = 6.13, p < 0.0001) and heart rate (F = 7.74, 
p < 0.0001) responses between the intact and blocked 
groups, whereas the venous pressure changes were not 
different between the two groups. 

In the immature fetuses blood volume decreased 
significantly during hypoxia by 14% + 1% in the intact 
(F = 24.9, p < 0.0001) and 11% + 1% in the hexa- 
methonium-ireated (F = 27.4, p < 0.0001) groups. In 
the mature fetuses blood volume was similarly reduced 
during hypoxia by 10% + 1% in the intact (F = 31.0, 
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Fig. 3. Changes in arterial pressure (AP),.venous pressure (VP), and heart rate (HR) in immature (A) 
and mature (B) ovine fetuses in response to hypoxia. In each age group responses in intact fetuses 
‘solid line and closed circle) are plotted agains: those in hexamethonium-treated fetuses (dashed line and 
cross). Vertical dotted lines mark the beginning and end of hypoxic period. See Results section for 


statistical analysis of data. 


p < 0.0001) and 6% + 1% in the blocked (F = 11.5, 
p < 0.0001) groups. In the immature fetuses there was 
no difference in the blood volume change between the 
intact and hexamethonium-treated groups (F = 1.72, p 
‘rot significant). However, in the mature fetuses the 
blood volume response was suppressed by treatment 
with hexamethonium (F = 4.84, p < 0.001). 

In exploring the factors that might be involved in 
mediating the fetal ANF resporse to hypoxia, bivariate 
and multivariate regression analyses were performeéd by 


analyzing the changes during the last 15 minutes of. 


hypoxia. In all intact fetuses the decrease in b.ood 
volume during hypoxia was positively correlated with 
the increase in plasma ANF concentrations (r = 0.578, 
4 < 0.01). With multivariate regression analysis the 
plasma ANF response in intact fetuses was not signifi- 
cantly related to changes ‘in arterial and venous pres- 
sures or heart rate. However, the increase in ANF in 
intact fetuses was correlated with decreases in both 
arterial pH (ApH) and Pcog (APcog): 


Log (AANF) = 2.093 — 9.588 ApH — 0.075 APcog; 
r = 0.841, p < 0.001 


In all fetuses treated with hexamethonium the de- 
crease in blood volume during the last 15 minutes of 
hypoxia was positively correlated with the increase in 
plasma ANF concentrations (r = 0.486, p < 0.05). In 
these autonomically blocked fetuses multivariate regres- 
sion analysis revealed thet the increase in plasma ANF 
concentration at the end of hypoxia was correlated with 
the fall in arterial pressure (AAP) and the rise in heart 
rate (AHR) but not with the change in venous pressure: 


Log (AANF) = 2.438 — 0.046 AAP + 0.015 AHR; 
r = 0.826, p < 0.001 


In addition, the increase in plasma ANF level was 
correlated with the fall in arterial pH (ApH) but not 
arterial Pcog: 


Log (AANF) = 2.449 — 3.276 ApH; 
r = 0.E87, p < 0.05 
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Fig. 4. Changes in arterial Pog, Pcog, and pH in mature intact ovine fetuses (solid line and closed circle) 
and fetuses treated with arginine vasopressin antagonist (dotted line and open circle). Vertical dotted lines 
mark the beginning and end of hypoxic period, See Methods section for number of animals in each 
group. For statistical analysis between two groups refer to Results section. 


Effect of arginine vasopressin blockade on re- 
sponses to hypoxia in mature fetuses. The arterial 
blood gas and pH changes during hypoxia in fetuses 
treated with the arginine vasopressin antagonist are 
shown in Fig. 4. Pos was reduced by a maximum of 
13.3 + 1.5 mm Hg during the last 15 minutes of 
hypoxia; this change was not different from that seen in 
the intact group. In the arginine vasopressin—blocked 
fetuses, hypoxia induced an increase in plasma ANF 
concentrations from basal levels of 182 + 21 pg/ml by a 
maximum of 268 + 87 pg/ml during the last 15 min- 
utes of hypoxia (F = 6.80, p < 0.001) (Fig. 5); this was 
significantly lower than the increase of 748 + 189 
pg/ml seen in the intact group (F = 2.93, p < 0.01). In 
intact fetuses the increase in ANF in response to hy- 
poxia was accompanied by a significant rise in plasma 
arginine vasopressin concentrations. °’ 


The cardiovascular changes in fetuses treated with 
the pressor antagonist during hypoxia are shown in Fig. 
6. There were no significant differences in these cardio- 
vascular responses between the intact and arginine 
vasopressin~—blocked fetuses during hypoxia. Hypoxia 
induced a decrease in fetal blood volume of 10% + 2% 
in the arginine vasopressin—blocked fetuses (F = 16.8, 
p < 0.0001). In intact fetuses blood volume fell by 
10% + 1% at the end of hypoxia, and this was not 
different from that seen-in the arginine vasopressin- 
blocked group (F = 0.20, p not significant). 

In the intact and arginine vasopressin—blocked fe- 
tuses the decrease in blood volume in response to 
hypoxia was correlated with the increase in plasma ANF 
concentrations (r = 0.623, p < 0.01). By means of mul- 
tivariate regression analysis the hypoxia-induced in- 
crease in plasma ANF concentrations in the arginine 
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Fig. 5. Changes in plasma ANF concentrations in mature intact fetuses (solid line and closed circle) and 
fetuses treated with arginine vasopressin antagonist (dotted line and open circle). Verticcl dotted lines mark 
the beginning and end of hypoxic period. For statistical analysis between groups refer to Results 
section. Two asterisks, p < 0.01; three asterisks, p < 0.0001; these are in comparison with antagonist- 


treated group at same time point. 


vasopressin—blocked fetuses was not correlated with the 
changes in arterial pressure, venous pressures, or heart 
rate. Similarly, the rise in ANF levels was not correlated 
with the fall in arterial pH and Pco, during the last 15 
minutes of hypoxia. 

To determine the relationship between the ANF 
response and the degree of hypoxia in immature and 
mature fetuses, multivariate regression analysis meth- 
cds were used with data from all five groups of fetuses. 
It was found that the change in plasma ANF concen- 
trations was correlated with the basal arterial Pog levels, 
the change in Pos during the last 15 minutes of hypoxia 
{APo,), and the gestational age (GA) of the fetuses, 
where 


Log (AANF) = 5.596 — 0.067 Po, + 0.081 APcs 
— 0.019 GA; r = 0.261, p < 0.01 


Comment 


This study demonstrates that the fetal ANF response 
to hypoxia ts age-dependent, such that immature fe- 
tuses manifest a greater response to hypoxia than do 
mature fetuses. Additional factors that correlate with 
the ANF response to hypoxia are the basal arterial Po, 


levels and the degree of hypoxia. Our analysis showed 
that fetuses with high basal arterial Po, had a reduced 
ANF response to hypoxia. However, fetuses that expe- 
rienced a greater fall in arterial Pog during hypoxia 
demonstrated a greater increase in plasma ANF levels. 
These results suggest tha: the arterial oxygen status of 
the fetus before the onset of hypoxia and the severity of 
the hypoxic insult are both possible determinants of the 
ANF response. 
- In the current study it is found that basal plasma ANF 
concentration is high in the immature fetus and the 
level decreases with advancing gestation. Concurrently, 
FHR decreases as the fetus matures. These findings are 
consistent with our observation that, under basal con- 
ditions, FHR may be partly involved in the maintenance 
of plasma ANF concentrations in the ovine fetus.’ 
Furthermore, the plasma clearance rate for ANF in the 
circulation is lower in the immature fetus compared 
with that in the mature fetus,” and this could contrib- 
ute to the higher basal plasma ANF concentration in 
the immature fetus. 

Under hypoxic stress conditions the fetus normally 
responds by an increase in sympathetic activity with 
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Fig. 6. Changes in arterial pressure (AP), venous pressure (VP), and heart rate (HR) in mature intact 
fetuses (solid line and closed circle) and fetuses treated with arginine vasopressin antagonist (dotted line 
and open circle). Vertical dotted lines mark the beginning and end of hypoxic period. For statistical 


analysis between groups refer to Results section. 


simultaneous activation of the endocrine system. In this 
situation fetal circulating levels of catecholamines,” *’ 
cortisol” and vasoactive hormones such as arginine 
vasopressin,” °° and plasma renin activity” are elevated. 
Our current and previous study’ in the ovine fetus 
demonstrate that hypoxia elevates plasma ANF concen- 
trations as well. It is thus possible that the increased 
activity of the autonomic nervous system modulate the 
endocrine changes during hypoxia. The present find- 
ings show that blockade of the fetal autonomic nervous 
system reduces the plasma ANF response to hypoxia-in 
the immature fetuses but not in the mature fetuses. This 
may be interpreted to suggest that the autonomic 
nervous system in the immature fetus is partly mediat- 


ing the ANF response to hypoxia. Similar studies in the 
adult pig demonstrated that the hypoxia-induced ANF 
response was reduced after the formation of lesions of 
the cervical vasosyumpathetic trunks.” In this study 
alterations in the fetal vascular pressure responses to 
hypoxia by the autonomic nervous system may explain 
the. reduced ANF response in the immature fetus after 
autonomic blockade. This is because, in the immature 
fetus, the increase in venous pressure was greater in the 
intact than in the autonomically blocked group, 
whereas the rise in arterial pressure in the intact fetus 
was reversed in the blocked fetus. In the mature fetuses 
the venous pressure rise was similar between the intact 
and blocked groups. Thus the difference in venous 
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pressure response most likely explains the change -n 
ANF response to hypoxia after autonomic blockade in 
immature and mature fetuses. 

In the adult human,” and rat,” and young lamb *° 
hypoxia similarly elevates plasma ANF concentratiors. 
This rise -in circulating ANF levels is the result of an 
increase in ANF release from the heart rather than of a 
decrease in clearance.” The factors responsible for this 
hypoxia-induced release of ANF trom the heart can be 
partially accounted for by a- and B-adrenergic stimula- 
tion, whereas undefined mechanisms account for the 
remainder of the response.” In addition, activation of 
` adrenergic receptors’® ™ in the isolated rat heart can 
release ANF. Our current observation in the immature 
fetal sheep suggests that the release of ANF in resporse 
to hypoxic stress also may be under autonomic control, 
but the release of ANF under basal conditions is rot 
because hexamethonium treatment alone did not alter 
basal circulating levels of ANF. 

In the adult interaction between ANF and arginine 
vasopressin in cardiovascular regulation has been de- 
scribed. Infusions of arginine vasopressin into dogs has 
been shown to enhance the release of ANF during 
plasma volume expansion.’* In the fetus hypoxia :n- 
creases plasma arginine vasopressin’ and ANF concen- 
trations. Thus it is reasonable to speculate that the 
elevated arginine vasopressin is in part mediating the 
ANF response observed during hypoxia. Our current 
finding in the mature fetus of a reduced ANF response 
to hypoxia after blockade of arginine vasopressin pres- 
scr receptors suggests that arginine vasopressin may 
partly modulate the release of ANF, either by a direct 
action on the fetal heart or through the associaced 
cardiovascular changes. However, because the carcio- 
vascular changes during hypoxia in fetuses with argi- 
nine vasopressin blockade are similar to those in intact 
fetuses, the latter possibility appears unlikely. 

During hypoxia fetal blood volume is reduced, end 
this decrease is partly due to the effects of circulating 
catecholamines.*' In the current and previous hypcxia 
studies,’ the reduction in fetal blood volume with the 
onset of hypoxia is correlated with the increase in 
plasma ANF concentrations. This finding, together with 
our previous observation that infusions of ANF into 
ovine fetuses consistently reduce fetal blood volume,” 
support the concept that blood volume in the fetus may 
be partly regulated by plasma ANF levels. 

In summary, this study demonstrates that, in the 
ovine fetus, the hypoxia-induced release of ANF is 
age-dependent in that immature fetuses manifest a 
greater ANF response than do mature fetuses. Thus is 
probably due to a higher release rate in combinacion 
with a lower clearance rate for ANF in the immature 
fetus. Furthermore, it appears that the autonomic ner- 
vous system and plasma arginine vasopressin modvlate 
the ANF response to acute hypoxia. 
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Long-term vascular volume expansion maintains elevated 


thoracic duct lymph flow 


Guillermo J. Valenzuela, MD 


‘Loma Linda, California 


OBJECTIVE: To investigate the mechanisms responsible for edema seen during pregnancy, we tested 
whether lymph vessels are able to pump high volumes over long periods of time. 

STUDY DESIGN: In six chronically catheterized nonpregnant ewes, we examined left thoracic duct lymph 
flow rate and fluid balance responses to the administration of a balanced isotonic solution at a rate of 

_1 L/hr for 20 hours. Because estrogen administration decreases lymphatic contractility against outflow 
pressure, we also administered conjugated estrogens (Premarin) during tne last 3 hours of the fluid 


infusion (experimental time 17 to 20 hours). 


RESULTS: After volume loading for 16 hours, the mean + SEM lymph flow rate, blood volume, and 
arterial pressure rose 100% + 26%, 20% + 2.3%, and 16% + 8.1%, respectively. Vascular compliance 
decreased significantly and, as evidenced by a lack of body weight changes, interstitial fluid volume failed 
to change (p < 0.05, analysis of variance). The transcapillary oncotic pressure difference increased by 

2 mm Hg; venous pressure increased by 5.2 mm Hg. These data suggest that transcapillary forces 
favored fluid movement into the interstitium. Lymph flow rate remains elevated after blood volume 
expansion to a level similar to that described during pregnancy in sheep. A transient decrease in urinary 
output (~20%) occurred with no changes in lymph flow rate, arterial pressure, or blood volume. 
CONCLUSION: Lymph fiow rate is able to compensate for the increased capillary filtration observed 
during prolonged blood volume expansion. (AM J OBsTET GYNECOL 1992:187:1453-8.) 


Key words: Edema, lymph flow, estrogen, volume expansion 


In nonpregnant animals acute fluid administration 
increases capillary filtration and lymph flow rate; how- 
ever, lymph flow rate returns to baseline over minutes, 
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even before the acute fluid administration 1s com- 
pleted.'* During pregnancy there is an increase in cap- 
illary filtration; we use the term “capillary filtration” to 
encompass all factors that affect protein and fluid trans- 
fer across the capillary wall. This increase in capillary 
filtration is evidenced by increases in the intravascular 
escape rate of Evans blue dye’ and labeled albumin.° 
To maintain a'steady state, the lymphatic system needs 
to return more fluid into the systemic circulation. Col- 
lectively, these findings suggest that the lymphatics are 
under a bigger continuous burden during pregnancy, 
but taey may not have the ability to compensate for an 
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increase in capillary filtration over a long period. We 
expanded blood volume in nonpregnant ewes to a level 
similar to that described in pregnant ewes.’ We spec- 
ulated that if the lymph flow rate did not increase it 
suggested that the edema of pregnancy may be tne 
result of an inability by the lymphatics to compenszte 
far the continuously elevated capillary filtration cb- 
served during pregnancy. 

Our second goal was to test the hypothesis that lymph 
flaw rate decreases during estrogen treatment in vol- 
ume-expanded animals. It is well known that estrogen 
decreases lymph flow rate in volume-expanded animals 
and hence during pregnancy.” Most of this fluid is re- 
tained in the interstitium.’ Estrogen administration af- 
fects lymphatic function in the nonpregnant sheep.~ '° 
For example, castrated ewes have a lower lymph flow 
rate and larger responses to fluid infusion than intact 
nonpregnant sheep." A single administration of estro- 
gen Increases capillary filtration but decreases the abil- 
ity of the lymph vessels to respond to increased outflow 
pressure." The effect of estrogen on lymph flow rate 
in volume-expanded animals is unknown. 


Material and methods 


The experimental protocol was approved by the 
Loma Linda University Animal Research Committze. 
Catheters were placed in the left thoracic duct and fem- 
oral artery and vein of six ewes of mixed Western breed 
as previously described.* * '° Because the spleen i; a 
large reservoir for red blood cells in sheep, a splenec- 
tcmy was performed in each ewe to allow use of mi- 
crohematocrits to assess changes in blood volume. 
Throughout the study ewes were maintained in met- 
abolic cages with full access to food and water. 

On the day of the experimen: a Foley catheter (INo. 
16) was inserted into the bladder a few hours before 
the beginning of the measurement, and urinary output 
was measured by draining urine into a weighted vial 
connected to a transducer. Arterial and venous pres- 
sures, heart rate, and lymph flow were measured dn- 
line as described elsewhere.** 3lood volume was de- 
termined by using technetium 99-labeled red bloed 
cells as described elsewhere.'' Our method requires 
that the animal be standing for accurate lymph fow 
rate determination; therefore cata were not collected 
at night. Preliminary results showed that urinary cut- 
put equilibrium was achieved by 8 hours of fluid in- 
fusion. | 

Experimental protocol. Experiments began 5 days 
after surgery. Before volume loading, animals were 
weighed and baseline measures of femoral arterial and 
venous pressures, heart rate, and lymph flow rate were 
determined for 1 hour. Samples for the determination 
of hematocrit, plasma and lymph protein concentra- 
tions, and plasma and lymph osmolality were obtaired. _ 
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Animals were infused for 16 hours (starting at 6 PM 
Pacific Standard Time) with Isolyte (1 L/hr, total 16 L, 
isosmotic balanced solution). At the end of 16 hours, 
animals were reweighed while still receiving infusion, 
and data were collected as described above. To ascertain 
the short-term effect of estrogen on volume-loaded 
ewes, a bolus intravenous infusion of Premarin (50 mg 
over 30 seconds) was given at 17 hours followed by a 
continuous infusion of water-soluble estrogen (25 
mg/hr) for 3 hours. ‘Treatment with conjugated estro- 
gens (Premarin) and fluid mnfusion was discontinued at 
20 hours. Blood and lymph samples were collected 
hourly after treatment to 20 hours and again at 40 
hours. During 39 to 40 hours we again measured body 
weight, arterial and venous pressures, heart rate, and 
lymph flow rate. 

Calculated values. Blood volumes were calculated 
from changes in hematocrit. Changes in interstitial 
fluid volume were estimated from changes in body 
weight. We calculated vascular compliance from the 
changes in blood volume and venous pressure 
(Cvasc = AV/AP, where Cvasc = vascular compliance, 
V = final blood volume — initial blood volume, and 
P = final venous pressure — initial venous pressure). 
Oncotic pressure differences across capillaries were 
computed from protein concentration for plasma and 
lymph at the difference collection times as described 
by Demling et al.'? Urinary flow was calculated from 
the weight differer.tial of urine over time. 

We used changes in venous pressure as an indicator 
of changes in interstitial fluid pressure. We considered 
using a direct method for measuring interstitial fluid 
pressure such as the capsule, wick, or direct needle~ 
insertion method.'* However, these methods measure 
skin interstitial fuid pressure, which represents only a 
small fraction of the total body; also, skin responds 
differently to hydration than other tissues. Further, ar- 
tifacts are seen in all current methods used to measure 
interstitial fluid pressure.” 

Data analysis. The data are presented as mean val- 
ues + SEM. To determine significant changes with 
treatment, parametric and nonparametric tests and 
two-way analysis of variance with repeated measure- 
ments were used after log transformation followed by 
Duncan’s multiple range test. 


Results 


Average + SEM values for control, for the intervals 
between 16 and 17 hours. for the last hour of estrogen 
infusion, and for the recovery period are presented in 
Table I. The initial blood volume + SEM was 
61.03 + 1.04 ml/kg. 

Volume loading. With volume loading, lymph flow 
rate (Fig. 1) increased 100% + 26%, blood volume ex- 
panded 20.2% + 2.4%, and urinary output equaled 
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Fig. 1. Lymph flow rate (LF, upper panel) expressed as mean change from baseline + SEM. Estrogen 
did not affect lymph flow rate. Changes in venous pressure (VP, middle panel) and arterial pressure 
(AP, lower panel) remained elevated after discontinuation of fluid infusion. Vertical lines separate 
baseline, volume expansion, volume expansion plus estrogen, and recovery periods. Transverse bar, 
Period of fluid infusion; one asterisk, = p < 0.05; two asterisks, < p < 0.01; three asterisks, p < 0.001; 
four asterisks, < p < 0.0001. 


Table I. Effect of valume loading and estrogen in nonpregnant sheep 


Baseline: Infusion: Estrogen: 
—1-0 hr 16-17 hr 20-21 hr 





Variable 





Arterial pressure (mm Hg) 
Venous pressure (mm Hg) 
Heart rate (beats/min) 
Lymph flow rate (ml/min/kg) 
Lymph/plasma protein ratio 
Plasma protein (gm/dl) 
Lymph protein (gr./dl) 

Body weight (kg) 


Values are mean + SEM. 
*h < 0.05 +. 


102 + 7.8 

6.3 + 0.8 
120:5 + 6.4 
0.033 + 0.003 

0.7 + 0.03 


117.0 + 5.9% 
125-2 P 
100.5 + 14.3* 
0.068 + 0.014* 
0.6 + 0.03* 
5.7 + 0.4* 
ces oil 

62.01 + 9.0 






Recovery: 


39-40 hr 

114.5 + 6.1* 115.3 + 6.4* 

12.8 + 1.1* 11.8 + 9.0* 

115.6 + 16.0% 121.6 + 9.0 
0.076 + 0.014* 0.054 + 0.016 
0.5 + 0.03* 0.6 + 0.05* 

5.5 + 0.3% 6.70.2 

2.9 + 0.3% 4.1 + 0.4* 


— 59.62 + 8.9 
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Fig. 2. Mean + SEM values for lymph/plasma protein ratio are presented as changes from baseline. 
Lymph/plasma protein (L/P) ratio reversed during recovery period, suggesting a change in per- 


meability by end of experiment. 


fluid infusion (1 L/hr) after 16 hours. Venous pres- 
sure (Fig. 1) doubled with volume loading, a signifi- 
cantly greater change than that seen in arterial pressure 
(17% + 8%; p < 0.05), indicating a lower venous vas- 
cular compliance. Plasma prote:n and lymph protein 
decreased to 5.7 + 0.3 and 3.2 + 0.3 gm/dl, respzc- 
tively. The lymph/plasma protein ratio decreased to 
0.60 + 0.03 and remained stable thereafter (Fig. 2). 
Vascular compliance was ~3 ml/mm Hg at the end of 
experimental hour 17. Neither plasma nor lymph əs- 
molality changed significantly throughout the experi- 
ment. The transcapillary oncotic pressure difference 
increased in favor of fluid movirg into the interstitium 
(Fig. 3). 

Volume loading plus estrogen. During estrogen in- 
fusion in volume-loaded ewes, lymph flow, arterial and 
venous pressures, lymph/plasma. protein ratio, and 
plasma and lymph protein concentrations were no dif- 
ferent from those with volume loading alone. Urinary 
output decreased 20% and returned to prevolume in- 
fusion levels after the second hour of estrogen infusion. 

Recovery. Lymph flow rate and interstitial fluid vol- 
ume (as evidenced by changes in animal weight) re- 
turned to basal, prevolume infusion values within 
20 hours after cessation of treatment (p> 0 1). 
Lymph/plasma protein ratio and arterial and venous 
pressures remained elevated above basal pretreatment 
values (p < 0.05). 


Comment 


Our study demonstrates that lymphatic vessels can 
sustain an elevated lymph flow rate over long periods 
of time. Further, volume loading elevates arterial end 
venous pressures, an effect that persists for several 
hours after volume loading is discontinued. 

In a previous study we found a normal thoracic duct 


lymph flow rate in the pregnant sheep.’ Because blood 
volume in pregnant sheed is elevated,’ we could not 
determine whether this result was caused by a sup- 
pressed lymph vessel function during pregnancy or an 
inability of the lymph vessels to sustain a prolonged 
period of contractility. The current data are important 
because they demonstrate that the lymph flow rate re- 
mains elevated 100% over baseline values after several 
hours (>16 hours) of high-rate fluid infusion. These 
results are comparable with the results of Valenzuela- 
Rendon and Manning,” who reported that the lymph 
flow rate increased ~250% during the long-term fuid 
infusion in partially nephrectomized dogs. However, 
Harake and Power' demonstrated that the occlusion of 
the renal pedicle in the fetal sheep resulted in a 50% 
decrease in baseline lymph flow. Thus partial nephrec- 
tomy may have affected lymph function, thereby al- 
tering lymph flow rate and fluid distribution.” 

In our study lymph flow during chronic fluid infu- 
sion increased less than the 300% predicted by 
Guyton’s curve’ describing the relation between inter- 
stitial fluid pressure and lymph flow rate. Moreover, 
the decrease in lymph protein concentration was less 
than that previously observed during acute fluid in- 
fusion,** and urinary output matched the rate of fluid 
infusion (~1000 cm*/hr) ky 16 hours. Thus it is possible 
that fluid was excreted by the kidneys without an in- 
termediate step through the interstitium. Direct renal 
elimination, however, does not explain our finding that 
interstitial pressure, the driving force for lymph flow, 
is increased. 

After blood volume expansion we noted an increase 
in the oncotic pressure ditference measured across the 
capillaries. This increase :ndicates that during volume 
expansion (and the resultant hypoproteinemia) the on- 
cotic forces tend to maintain the intravascular volume 
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Fig. 3. Mean + SEM capillary oncotic pressure difference across capillaries is presented as change 
from baseline period. Maintenance of capillary oncotic pressure across capillaries occurred during 
volume expansion. Transverse bar, Period of fuid infusion; one asterisk, = p < 0.05; two aster- 


ishs, <p < 0.001. 


stable. Fluid infusion over an even longer period of 
time could result in a significant transcapillary protein 
transfer mediated by bulk fuid transport. In previous 
experiments in which a larger volume was infused at a 
faster rate (6% [vol/body wt] given over 20 minutes), 
we found neither a change in the rate of protein trans- 
fer across the capillaries nor a change in the lymph 
protein molecular weight distribution.'® Thus we as- 
sumed that there was no change in the vascular protein 
reflection coefficient that could affect protein distri- 
bution across the capillaries. 

The increase in arterial pressure during and after 
fluid infusion is an important finding of our study. 
Because we did not measure cardiac output, it is not 
possible to estimate systemic vascular resistance. How- 
ever, arterial pressure remained elevated for several 
hours after the fluid infusion had stopped, suggesting 
a long-term alteration of vascular reactivity.” 

We also observed a significant decrease in vascular 
compliance after 16 hours of fluid infusion when com- 
pared with values obtained during acute fluid infusion.’ 
These findings are comparable with Sullivan’s concept’? 
of decrease in vascular and interstitial compliance with 
increasing arterial pressure. Decreases in arterial pres- 
sure and interstitial fuid and blood volume expansion 
occur once the hypertension is treated. The impor- 
tance of this finding is that the animal model of fluid 
expansion does not mimic the situation observed dur- 
ing pregnancy. In the latter, the blood volume expan- 
sion is accompanied by a decrease in the vascular com- 
pliance, not an increase. 

Estrogen administration is associated with fluid re- 


tention and blood volume expansion in humans and 
animals. During chronic estrogen treatment, fuid is 
predominantely distributed to the interstitium.” In our 
experiments on volume-expanded ewes urinary output 
briefly decreased with estrogen treatment. Thus estro- 
gen may not alter the arterial pressure—diuresis rela- 
tion, resulting in a sustained urinary output. We also 
failed to demonstrate a short-term effect of estrogen 
on lymph flow rate. This result differs from our pre- 
vious observation during similar estrogen administra- 
tion in the nonpregnant ewe." We speculate that the 
differences in the response of lymph flow rate to es- 
trogen are the result of the fluid overload, which may 
have obscured any possible effect. 

In summary, volume expansion of nonpregnant 
sheep produced several alterations in cardiovascular 
parameters that were different from those previously 
observed in pregnant ewes. We speculate that the hor- 
monal changes of pregnancy alter the cardiovascular 
responses and that these changes are not related to the 
passive phenomenon of volume expansion. The hor- 
mone(s) involved with these cardiovascular adaptations 
are probably hormones other than estrogen. Alterna- 
tively, estrogen may need more time to directly affect 
the lymph vessels or to have an indirect effect through 
the induction of changes in other hormonal systems. 
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Acute intrauterine hypoxia increases amniotic fluid 
prostaglandin F metabolites in the pregnant sheep 


Guillermo J. Valenzuela, MD,""* Mary Norburg, MD, and Charles A. Ducsay, PhD*°° 


Loma Linda, California 


OBJECTIVE: Amniotic fluid infection promotes cytokine release, prostaglandin production, and premature 
labor. In several tissues local hypoxia also activates the secretion of cytokines. Many patients initially seen 
in premature labor carry small-for-gestational-age fetuses, a condition associated with intrauterine hypoxia. 


The purpose of our study was to determine whether a reduction in placental blood flow and subsequent 


acute hypoxia affects prostaglandin secretion by the placenta. 


STUDY DESIGN: We chronically catheterized six pregnant sheep at 120 Jays of gestation. We placed 
catheters in the maternal and fetal femoral arteries and in the amniotic fluid cavity. A flow probe and snare 


were placed around the common uterine artery. 


RESULTS: A 30-minute uterine circulation occlusion of 30% of its control value produced an increase in 
prostaglandin F metabolite from 790 + 157 to 944 + 184 pg/mi within 10 minutes (p < 0.01). Additional 
uterine blood flow reduction to 60% of control increased the amniotic fluid prostaglandin F metabolites 
concentration to 894 + 202 (p < 0.05, analysis of variance), No increase in mean intrauterine pressure 


was detected (p > 0.1). 


CONCLUSIONS: We speculate that the prostaglandin increase in amniotic fluid in response to intrauterine 
hypoxia could eventually lead to prernature labor. Whether the increase in prostaclandins is mediated by 
changes in cytokines is unknown at the present time. (AM J Osstet Gyneco 1992;167:1459-64.) 


Key words: Prostaglandins, preterm labor, sheep, intrauterine hypoxia 


The relationship between the presence of bacteria in 
the amniotic fluid, activation of cytokines, increase in 
amniotic fluid prostaglandins, and premature labor 
have been elucidated in a series of careful studies by 
Behrman and Romero,! Mitchell et al.,? and Santhanam 
et al.” However, at best infectious causes represent only 
16% of all cases of premature labor’; they may be as low 
as 1%.* Many pregnant women with premature labor 
carry a small-for-gestational-age (SGA) fetus.’ Previ- 
ously, we reported an excess of SGA babies in a group 
of women who received hydration and sedation as treat- 
ment for premature uterine labor.® Concentrations of 
epinephrine and prostaglandins E and F are increased 
in the amniotic fluid in conditions associated with intra- 
uterine hypoxia; however, in that clinical setting it is 
difficult to distinguish between maternal, placental, and 
fetal factors.” Hypoxia induces increased cytokine pro- 
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duction in a variety of tissues in vivo and in vitro. ° 
Further cytokines have been shown to produce in- 
creases in prostaglandin in utero’; therefore we tested 
whether intrauterine hypoxia produces an increase in 
prostaglandin metabolites in amniotic fluid. We rea- 
soned that if intrauterine hypoxia from any cause is as- 
sociated with an increase in prostaglandin, the increase 
in prestaglandin could explain the onset of premature 
labor in a patient carrying an SGA fetus. The specific 
aim ot our study was to determine the effects of acute 
intrauterine hypoxia on amniotic fluid prostaglandin 
metabolite concentrations in the pregnant sheep. 


Material and methods 


Six pregnant ewes at a gestational age of ~120 days 
(term ~146 days) were given general anesthetics; cath- 
eters were placed in the maternal and fetal femoral 
arteries and in the amniotic fluid cavity as described 
previously.’ A uterine blood flow probe (Micron, Los 
Angeles) and snare (distal to the probe) were placed 
around the common uterine artery as described pre- 
viously.” Uterine blood flow and intraamniotic fluid 
pressure were measured continuously with the data ac- 
quisiticn system developed by our group as described 
previously. The data were averaged every 60 seconds 
and stored for later analysis. 

Experimental protocol. Five days after surgery we 
measured intrauterine pressure and uterine blood flow 
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Fig. 1. Effect of hypexia on amniotic fluid ?GFM concentrations + SEM over time. Hypoxia period 
is represented by box. Vertical lines represent changes in degree of uterine blood flow decrease. One 


asterisk, p < 0.05; two asterisks, p < 0.01. 


for a 30-minute control period. Then we decrezsed 
uterine blood flow 30% from control for 30 minutes; 
uterine blood flow was then decreased to 60% of control 
and finally was closed completely (100% of control). A 
sample of amniotic fluid was collected during the con- 
trol period, at 10 minutes after 30% of occlusion, and 
at 10 minutes after 60% of ozclusion. Samples were 
collected in an ethylenediamiretetraacetic acid—indo- 
methacin solution and the plasma was collected and 
stored at — 70° C. Samples for blood gas analysis were 
collected from the uterine vein, maternal artery, and 
fetal artery every 30 minutes. Samples from the am- 
niotic fluid were collected for the determination of pH. 
Prostaglandin E metabolite 11-deoxy-13,14-dihydro- 
keto-118,16E-cycloprostaglancin E, (PGEM-II) and 
F,, metabolite 13,14-dihydro-15-keto-prostaglandin F 
(PGFM) were determined by radioimmunoassay as pre- 
viously described and validated for amniotic fluid.'* ” 

Data analysis. Amniotic fluid prostaglandin metab- 
olite and blood gas data were analyzed as a function of 
time after occlusion by one-way analysis of variance. 
Log transformation of the data was used in cases of 
heterogeneity. If the F ratio was significant, differences 
over time were determined by Duncan’s multiple range 
test. 


Results 

Occlusion for uterine circulation to 30% of control 
value resulted in a mean + SEM increase in amniotic 
fluid PGFM from 790 + 157 to 944 + 184 pg/ml 
within 10 minutes (p < 0.01). Additional uterine blood 


flow reduction (60% of control) resulted in mainte- 
nance of PGFM concentrations above control values 
(Fig. 1). In contrast, PGEM-II concentrations did not 
change after uterine occlusion (p>0.1). The 
mean + SEM values for PGEM-II were 488 + 87, 
482 + 65, and 457 + 64 pg/ml, respectively, for con- 
trol 10 minutes after the first uterine blood flow re- 
duction and 10 minutes after the second reduction. Fig. 
2 illustrates the amniotic fluid pressure values at 10- 
minute intervals + SEM. There was no significant 
change with time {p > 0.1). 

Fetal and maternal arterial and amniotic fluid pH 
values are represented in Fig. 3. There was no change 
in maternal pH but, as expected, fetal arterial pH de- 
creased significantly with time after uterine artery oc- 
clusion, Interestingly, amniotic fluid pH was signifi- 
cantly reduced after occlusion (p < 0.01). Uterine vein 
pH (data not shown) decreased from 7.43 + 0.02 to 
7.37 + 0.04; however, the changes were not significant 
(p > 0.1). Maternal arterial Po, did not change during 
the study. Fetal arterial and maternal uterine vein Po, 
decreased significantly with time compared with control 
values (p < 0.01 Fig. 4). 


Comment 

Our preliminary study demonstrated an increase in 
amniotic fluid PGFM before increase in intrauterine 
pressure. Our observation of the uterine activity was 
limited to a 120-minute period; however, all animals 
were delivered within 24 to 48 hours after release of 
the occlusion. 
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Fig. 2. Effect of uterine blood flow reduction on mean + SEM intraamniotic fluid pressure over 
time is presented. No significant increases were noted. 


About one third of pregnancies resulting in pre- 
mature labor are complicated by SGA fetuses,® a com- 
plication associated with intrauterine fetal hypoxia as 
determined by blood gas samples obtained during cor- 
docentesis.'* Women treated with hydration and seda- 
tion because of premature uterine contractions had sig- 
nificantly more SGA infants than expected. Although 
there are several reports of normal umbilical blood 
gases in preterm deliveries (as compared with term 
pregnancies), the number has been small and it is dif- 
ficult to ascertain subpopulation within that group. 
Even though there is no direct evidence of a relation- 
ship between hypoxia, cytokines, and prostaglandin, we 
speculate that mechanisms similar to the relationship 
between infection, cytokines, prostaglandins, and pre- 
mature labor may exist during intrauterine hypoxia. 
‘Tissue hypoxia has been associated with the production 
and release of cytokines* °; we speculated that utero- 
tonic prostaglandins may be secreted to induce pre- 
mature labor. In our experiments we found an increase 
in PGFM, with no changes in PGEM-II. 

Hypoxia affects prostaglandin production differ- 
ently in different tissues. For instance, in the perfused 
placenta acute hypoxia does not alter the total amount 
of prostaglandin produced but changes the ratio of the 
prostaglandins produced in favor of prostaglandin 
Fz In the kidney the total amount of prostaglandins 
produced is increased,’ and in the aorta in vitro there 
is no change. Thus we speculate that intrauterine hyp- 
oxia could be a factor in the initiation of labor in a 
significant percentage of total preterm deliveries (prob- 
ably similar to the impact of intrauterine hypoxia). Our 
results demonstrating an increase in amniotic fluid 
prostaglandins agree with previous data in the rhesus 
monkeys (C.A. Ducsay, unpublished results). In con- 
trast to what happens in the sheep, uterine activity in- 


creased after the release of the uterine occlusion. An- 
other alternative explanation is that once the uterine 
circulation is reestablished there is hyperoxygenation 
after hypoxia. This stimulus increases the amount of 
prostaglandins produced.” 

An alternative explanation for the appearance of Ja- 
bor after hypoxic insult is an increase in fetal cortico- 
tropin and a progressive rise in fetal cortiso] seen after 
uterine blood flow reduction in the sheep" or during 
acute maternal hypoxemia.’* This increase is important 
because circulating concentrations of corticotropins in- 
crease in fetal sheep at term, drive the prepartum, and 
may increase in fetal cortisol that results in parturi- 
tion.” *! Although uterine activity during hypoxemia 
was rot reported, Challis et al.'* noted that animals did 
not deliver prematurely. These results are contrast 
those of Leffler et al., where restriction of lower aortic 
blood flow in pregnant animals resulted in premature 
delivery. Our fetuses initially experienced a similar de- 
crease in arterial Po, as described by Challis et al.; how- 
ever, uterine blood flow does not remain constant when 
a device that decreases the blood vessel to a constant 
caliber is applied and not further adjusted. Because 
Challis et al. did not measure uterine blood flow and 
may not have adjusted the occlusion device, it is possible 
that uterine blood flow returned to control values. This 
possibility is supported by the recovery of fetal pH 
within a few hours in spite of the continued uterine 
occlusion. 

Another important finding of our experiment is that 
a significant amount of collateral circulation is present 
in the uterine circulation. This presence is suggested 
because none of the fetuses died during the experiment 
in spite of the minimum of total occlusion. However, 
in spite of our releasing the snare around the uterine 
artery at the end of the experiment, all fetuses went 
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Fig. 3. pH + SEM values in amniotic fluid, fetal artery, and maternal artery are presented over 
time. There was a significant decrease in fetus and in amniotic fluid over time. One asterisk, p < 0.05; 


two asterisks, p < 0.01; three asterisks, p < 0.001. 


into spontaneous labor and delivered within 48 hoars. 
The implication of this finding is that when uterine 
blood flow is restricted collateral circulation may sig- 
nificantly restore blood flow. Therefore endocrine and 
cardiovascular changes may be blunted. 

An apparent contradiction to our result is the de- 
scription by many authors of the lack of a relationship 
- between maternal hypoxia and premature labor in the 
pregnant sheep. In experiments producing maternal 
hypoxemia by diluting the inspired air with nitrogen,” 
the mother and fetus undergo many compensatory car- 
diovascular changes, which result in normal fetal blood 
gases and birth weight.” Other authors have used pla- 


centa embolization with microspheres to produce a de- 
crease in placental size.” But this is not a case of uterine- 
myometrial-decidual-placenta hypoxia but a placental 
insufficiency. Therefore we postulate that in those cases 
there would be no triggering of the cytokines and pros- 
taglandins. An alternative possibility is that the cyto- 
kines are increased. but the prostaglandin synthetase en- 
zymes are not yet present or responsive at the gesta- 
tional age at which these experiments were performed. 

In conclusion, these findings support the hypothesis 
that intrauterine hypoxia will produce the onset of pre- 
mature labor by increasing placental prostaglandin se- 
cretion. . 
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Changes in pupillary diameter in relation to eye-movement and 
no-eye-movement periods in the human fetus at term 


Naoki Horimoto, MD, Takashi Koyanagi, MD, Takeshi Takashima, MD,” 


Kouhei Akazawa, PhD, and Hitoo Nakano, MD” 
Fukuoka, Japan 


OBJECTIVE: The aim of our study was to reveal whether pupils dilate and constrict in a time sequence in 
the human fetus and to assess the relationship between changes in pupillary diameter and 


eye-movement—no-eye-movement periods. 


STUDY DESIGN: We simultaneously observed pupil and eye movement with real-time ultrasonography in 
30 human fetuses at 36 to 41 weeks’ gestation. Eighteen were excluded because of data loss. Statistical 
analysis of pupillary diameter changes were made on the remaining 12 fetuses with the least median of 


squares regression. 


RESULTS: Pupillary diameters were found to be differentiated with statistical significance into two groups: 
9.7% for the dilated pupil (median 3.0 mm) and 90.3% for the constricted pupil (1.7 mm). The percentage 
of dilated pupils during the eye-movement period (14.3%) was significantly greater than that during the 
no-eye-movement period (2.3%; Wilcoxon rank sum test, p < 0.0001). 

CONCLUSION: These findings indicate a close relation between pupillary dilatation and eye-movement 
periods in the human term fetus. (AM J Osstet GYNECOL 1992;167:1465-9.) 


Key words: Pupillary diameter, eye-movement—no-eye-movement periods, human fetus, 


real-time ultrasonography 


In adult human beings and in animals the pupil is 
more constricted during non-rapid-eye-movement 
sleep than during rapid-eye-movement sleep.'* Pupil- 
lary diameter can thus be considered as an objective 
variable to describe behavioral states.* * 

Since the 1970s in utero behavioral patterns in the 
developing human fetus have been investigated under 
conditions of real-time ultrasonographic observation by 
using eye, breathing, and mouth movements.*" 

Birnholz’ first demonstrated that the pupil can be 
identified in the human fetus in utero at 26 weeks’ 
gestation; Birnholz also stated that pupillary diameter 
was relatively small, without recognizable dilatation or 
periodic change during brief observations. 

The aim of our study was to reveal whether the pupil 
dilates and constricts in time sequence in the human 
fetus at term, and if so, to also determine whether 
changes in pupillary diameter are in relation to eye- 
movement and no-eye-movement periods. 
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Material and methods 


Fetal population. Thirty fetuses from 36 to 41 weeks 
of gestation were selected after fulfilling the following 
criteria and being examined once: 

l. The gestational age (in weeks) was calculated from 
the first day of the last menstrual period (LMP). The 
age was subsequently confirmed by crown-rump length 
at 9 to 11 weeks of gestation to be within +2 to 3 days 
of the LMP-deduced gestational age. 

2. The biparietal diameter, femur length, and ab- 
dominal circumference were within the mean 
value + 1.5 SD for the corresponding gestational week 
by Japanese standards.” 

3. etuses were found to have no detectable anomaly 
in utero. 

4. Mothers were nonsmokers, with neither indica- 
tion cf maternal complication nor incidence of drug 


administration. 


Data loss was calculated as the proportion by percent 
of the number of 1-second epochs: eliminated 1-second 
epochs/total 1-second epochs of the observation pe- 
riod. Of 30 fetuses, 18 with data losses of > 10% because 
of a lack of ultrasonographic image of the pupil or eye 
movements were excluded. The remaining 12 cases 
were subjected to the subsequent analysis. _ 

All of the mothers were cared for in the Maternity 
and Perinatal Care Unit, Kyushu University Hospital, 
and all of them gave informed consent to participate 
in this study. 
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Fig. 1. Ultrasonographic image for observation of pupil and eye movement.. Curved arrows, Dotted 
echoes originating from near and far margins of lens; straight arrows, pupillary margins, which are 
also depicted as a pair of dotted echoes, “ound anterior to lens, lying symmetrically on both sides 


of bulbar axis. 


Parameter definition and data acquisition. Real- 
time ultrasonographic equipment (model SSA-270A, 
Toshiba, Tokyo) with a 3.75 MHz convex transducer 
was used. The study was conducted in a dark and quiet 
room in which the mother wes placed in the sernire- 
cumbent position with a lateral tilt of the pelvis. The 
standard observational plane was determined to be a 
nearly horizontal transection of the fetal head, with the 
fetal eye closest to the maternal abdominal wall selected 
as the target for ultrasonograpzic observation.’ In this 
image the lens can be detected asa pair of dotted echoes 
originating from the near and far margins of the lens 
located between the anterior pole and the equator of 
the eyeball (Fig. 1). The pupillary margins are also 
depicted as a pair of dotted echoes found anterior to 
the lens, lying symmetrically on both sides of the bulbar 
axis’? (Fig. 1). The ultrasonographic image was ccntin- 
uously stored on videotape by videocassette recorder 
(model VO-9600, Sony, Tokyo). 

In our study pupillary diameter was defined as that 
distance between the echoes indicating the margin of 
the pupil. While replaying the videotapes we measured 
the pupillary diameter once per second using an electric 
caliper. The error of this caliper was within +0.4 mm 
when measuring a 10.0 mm length, and the mean co- 


efficient of variation for measuring the pupillary di- 
ameter was found to be 9.0%." 

One unit of eye movement was defined as the move- 
ment of the lens from one stationary position through 
a position change to ancther stationary position. With 
the total observation period being divided into 1-min- 
ute epochs, eye-movement and no-eye-movement pe- 
riods were regarded as those times sustaining the pres- 
ence or absence of movements, respectively, as de- 
scribed in our previous reports.” ° The observation was 
started after 15 minutes of bed rest and continued for 
the length of time necessary to encompass one complete 
cycle of eye-movement/no-eye-movement periods. The 
first eye-movement and no-eye-movement periods oc- 
curring in each case were herein selected for analysis. 

Data processing and statistical analysis 

Chronologic changes in the pupillary diameter. A scatter- 
gram of pupillary diameter versus elapsed time from 
the start of observation was made from the data of each 
case. The scattergram was then analyzed with the least 
median of squares regression,” yielding a regression 
line and the standardized residual, defined as the least 
median of squares residual divided by the least median 
of squares scale estimate (O.\s) for each measurement. 
In each case the “outlying” and “nonoutlying” points 
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Fig. 2. Scattergrams of ulin diameter obtained from all 12 fetuses. Horizontal and vertical axes 
indicate caper time from start of. observation and' corresponding pupillary diameter, respectively. 
Open circles, Outlying points (standard residuals >2.5); closed circles, nonoutlying points, (standard 
residuals $2.5); Solid bars, eye-movement periods; open bars, no- eye-muvement periods. 


among the measurements herein were defined as those ` 


with standardized residuals of >2.5 and $2.5, respec- 
tively. Calculations were made with a microcomputer 


system (model PC-98XL*, NEC, Tokyo) with the pro- 


gram created by Rousseeuw.”® 

Relationship between pupillary diameter ie eye-move- 
ment/no-eye-movement periods. For each fetus the total 
observation time was divided into eye-movement and 


no-eye- -movement periods, and the percentage of out- ` 


lying points during both periods against the total num- 
ber of measurements was calculated. The difference 


_ between the percentage. of outlying points during the 
' ‘periods was compared with the use of Wilcoxon’s rank 


sum test. 


Results . o l 
Changes in time sequence of pupillary diameter. In 
all 12 cases the measurements of pupillary diameter 


_were statistically stratified into outlying and nonoutly- 


ing points (Fig. 2). The median values of pupillary 


_ diameter for outlying and nonoutlying points were 3.0 
“mm (range 2.1 to 3.4 mm) and 1.7 mm (range 1.4 to 
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Table I. Median pupillary diameter of outlying anc. nonoutlying points and percentage of outlying points 
against total number of measurements obtained frem each case 


Cutlying points Nonoutlying poinzs 



















Totai 
Case observation Diameter Diameter Percentage of number 
Gestational age time (sec) No. (mm) No. (mm) of outlying points 





36 wk 1 day 2707 295: 2.9 2415 


l 1.7 10.8 
2 36 wk 3 days 3645 370 3.4 3275 1:9 10.2 
3 36 wk 4 days 3304 329 32 2975 E7 10.0 
4 36 wk 6 days 3660 302 3.1 3358 LZ 8.3 
5 37 wk 1 day 2975 18° 3.0 2794 1.8 6.1 
6 37 wk 2 days 2221 238 2.] 1983 1.6 10.7 
7 37 wk 2 days 2849 446 2.6 2403 1.7 15.7 
8 37 wk 3 days 2961 165 2.3 2796 1.5 5.6 
9 38 wk 0 days 2387 104 2.6 2283 1.7 4.4 
10 38 wk 1 day 2422 225 2.9 2197 1.7 9.3 
11 38 wk 3 days 3711 524 3.1 3187 1.7 14.1 
12 38 wk 5 days 2276 185 3.0 2090 1.4 8.2 
Median 2905 265 3.0 2605 Le 9.7 





Table II. Percentage of outlying points during eye-movement and no-eye-movement periods against total 
number of measurements for each case 


ae E'ye-movement period 
Case Duration 
No. (ses) 


No-eye-movement period 


Duration 
(sec) 


Percentage of Percentage of 


outling points outlying points 

l 145] 19.1 1246 0 
2 2226 15.1 1419 2.3 
3 1823 15.8 1501 2:9 
4 2127 13.3 1533 1.1 
5 1736 8.9 1269 23 
6 749 16.9 1472 7.5 
7 2216 17.8 633 7.9 
8 1653 8.7 1808 1.7 
9 1445 8.1 942 5.2 
10 1704 12.5 718 1.7 
1] 2392 20.1 1319 3.2 
12 1365 13.5 91] 0.1 
Median 1705 14.3 1289 2:9 


1.9 mm), respectively (Table I). The percentage of out- 
lying points against the total namber of measurements 
for each case was 4.4% to 15.7% (median 9.7%) (Table 
I). 

Relationship between pupillary diameter and eye- 
movement/no-eye-movement periods. The median 
values of the percentage of outlying points among all 
measurements during the eye-movement and no-eye- 
movement periods were 14.3% (range 8.1% to 20.1%) 
and 2.3% (range 0.1% to 7.9%), respectively (Table II). 
The percentages of outlying points during the eye- 
movement periods were greater with statistical signif- 
icance (T = 144, p < 0.0001) than those during the no- 
eye-movement periods (Table IT). 


Comment 


Studies on newborn infants have revealed thet the 
pupillary light reflex is absent during the first week 


after birth in all subjects born at <30 weeks of gestation; 
it gradually develops from this age and becomes pres- 
ent in all by 35 weeks.'*"* 

In agreement with the report by Birnholz,'*? we found 
that the fetal pupil could be detected from around 26 
weeks of gestation to term. However, in 18 of the 30 
fetuses continuous observation was impossible, mainly 
because of the prone position or head-rolling move- 
ments of the fetus. Movement of the fetus was reported 


` to be more frequent during the eye-movement period 


than movement during the no-eye-movement period,’ 
possibly leading to the biased data sampling toward the 
no-eye-movement period when the data-loss rate re- 
sulting from fetal movement is high. Therefore only 
the cases with a data loss relating to this condition last- 
ing a few seconds and not >10% of the total observation 
period were subjected to analysis. 

We reported that from around 36 weeks of gestation 
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the sporadic onset of eye movement characteristic of 
fetuses at approximately 20 to 28 weeks of gestation 
disappears, thereby resulting in a clear, alternating pat- 
tern of eye-movement and no-eye-movement periods 
having durations of 30 to 40 and 20 to 30 minutes, 
respectively.’ 

These previous findings led us to believe that the 
human fetuses at 36 weeks’ gestation or more analyzed 
in our current study had possibly acquired the motor 
activity of the iris, having the function of dilating and 
constricting their pupils. 

The least-median-of-squares regression analysis is a 
more robust version of the classic least squares regres- 
sion and can resist the effects of nearly 50% of data 
contamination.” With this method statistical discrimi- 
nation can be made between outlying point and non- 
outlying point measurements, which differentiate un- 
derlying characteristics from each other. 

It was evident that in all 12 fetuses analyzed mea- 
surements of pupillary diameter were differentiated 
with statistical significance into two groups: 9.7% for 
outlying points and the remaining 90.3% for nonout- 
lying points. This demonstrates that there exist two 
different conditions in which the former and latter are 
characterized by the pupil with dilatation and constric- 
tion, respectively, in the human fetus at term. The me- 
dian values of pupillary diameter at constriction (1.7 
mm) and at dilatation (3.0 mm) obtained here were 
compatible with those of the neonate." 

It was also noted that the median percentage of pu- 
pillary dilatation (14.3%) during eye-movement peri- 
ods was significantly greater than that (2.3%) during 
no-eye-movement periods, thereby suggesting a close 
relationship between pupillary dilatation and eye- 
movement periods. Further studies still remain con- 
cerning a correlation between findings obtained from 
human fetuses and those of Yoss et al.,* which dem- 
onstrated that in the adult human there are character- 
istic pupillary changes in size in the spectrum ranging 
from alertness to sleep: diameters during rapid-eye- 
movement sleep and non-rapid-eye-movement sleep 
were 45% and 35% of diameters in the alert state, re- 
spectively.* 


We thank Dr. P.G. Hepper, School of Psychology, 
The Queen’s University of Belfast, for helpful sugges- 
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tions on our study; T. Suzuki for assistance with statis- 
tical analysis with computers; and L. Saza for support 
with manuscript preparation. 
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Current Development 


Novel immunologic strategies in ovarian carcinoma 


Ralph S. Freedman, MD, PhD, Constantin G. Ioannides, PhD, George Mathioudakis, MD, 


and Chris D. Platsoucas, PhD 


Houston, Texas 


The purpose of our study was to develop new biologic sys:ems for the treatment or diagnosis of patients 
wth ovarian carcinoma through expension of T-cell lines from the tumor-infiltrating lymphocytes of patients 
with ovarian carcinoma in low-dose recombinant interleukin-2 in sufficient numbers for treetment and 
human monoclonal antibodies that recognize cell-surface tumor-associated antigen determinants on 
ovarian carcinoma cells. Technologic advances in tumor immunology and new data presented in relation to 
ovarian carcinoma were used to develop T-cell lines for tha treatment of advanced ovarian carcinoma 
patients. Logarithmic expansion of T-cell lines was performed in a hollow-fiber bioreactor, and a pilot 
clinical trial was initiated to treat ovarian carcinoma patients with intraperitoneal tumor-iniiltrating 
lymphocytes plus low-dose recombinant interleukin-2. Human hybridomas were produced by fusicn of 
regional lymph node B cells with a heteromyeloma cell line SPATZ 4. Two ovarian carcinoma patients 
have been treated with tumor-infiltrating lymphocytes expended to 1 x 10" to 1 x 10" with manageable 
side effects and evidence of biologic activity. Human monoclonal antibodies have been developed that 
recognize tumor-associated antigen determinants. Recomdinant interleukin-2—expanded tumor-in‘iltrating 
lymphocytes and human monoclonél antibodies recognize different molecular entities on tumor cells and 
ect by different mechanisms. These approaches may be complementary to one another in future treatment 
strategies for ovarian carcinoma. (Am J Osstet GYNECOL ° 992;167:1470-8.) 


Key words: Oyarian tumor-inf.ltrating lymphocytes, human antibodies 


Key words: Ovarian tumor-inhiltrating lymphocytes, human antibodies 


During the last 15 years systematic efforts have been 
made to develop new treatment strategies for the man- 
agement of cancer with biologic response modifiers." ? 
These new strategies have been possible only because 
of major advances in the biologic sciences, in particular 
the development of recombinant deoxyribonucleic acid 
(DNA) ‘technology and alee breakthroughs in. im- 
munology. 
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These advances include the development of hybri- 
doma technology for the generation of monoclonal 
antibodies’ with (1) the identification and molecular 
cloning of a large numter of cytokines, including sev- 
eral interferons,‘ * interleukins,’ granulocyte colony— 
stimulating factors,’ and other molecules and (2) the 
identification of a number of molecules expressed on 
the cell surface of lymphoid and hematopoietic cells® 
that in general play important roles at the induction 
and effector phases of the immune response against 
tumor cells, viruses, and bacteria. 

Monoclonal ‘antibodies are produced by hybridoma 
cells generated in vitro by fusing an antibody-produc- 
ing cell with a plasma-cell tumor-cell line in the pres- 
ence of polyethylene glycol. The resulting hybridomas 
inherit from the antibody-producing cells the ability to 
produce the antibody in question; from the tumor cell 
line the hybridomas innerit the ability to grow indefi- 
nitely in vitro. Because they can grow indefinitely in 
vitro, single clones of hybridomas can be derived by 
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limiting dilution, thereby producing single antibodies. 
The hybridoma technology allows the immortalization 
of antibody molecules and the production of unlimited 
quantities of antibodies for research, diagnosis, and 
therapy. The contribution of monoclonal antibodies to 
research and to the development of new diagnostic ap- 
proaches has proved invaluable. Therapeutic applica- 
tions of monoclonal antibodies are currently under in- 
vestigation. Monoclonal antibodies conjugated to ra- 
dioisotopes (radioimmunoconjugates) or to bacterial 
toxins (immunotoxins) are currently undergoing clin- 
ical trials. ; 

Human T-lymphocyte subpopulations have been 
identified by monoclonal antibodies recognizing sur- 
face glycoproteins (T-cell differentiation antigens) ex- 
pressed on functionally distinct populations of T cells. 
Two major subpopulations of T cells have been iden- 
tifed in the peripheral blood: the CD4*7 and the CD8** 
cells. CD4* T cells contain cells exhibiting helper func- 
tion (helper/inducer or suppressor/inducer), whereas 
CD8* T cells contain cytotoxic effector T cells and their 
precursors and cells that exhibit suppressor activity. 

In addition to the CD4 and CD8 T-cell differentia- 
tion antigens, a number of other molecules expressed 
on the surface of T cells have been identified by using 
monoclonal antibodies. The most important are the T- 
cell antigen receptors, which are the molecules used by 
T cells to recognize antigens. Two different kinds of 
T-cell antigen receptors have been found on different 
populations of T cells: the af T-cell antigen receptor 
and the yd T-cell antigen receptor. The aß T-cell an- 
tigen receptor comprises two disulfide-linked polypep- 
tide chains, the a and the B. In contrast, both disulfide- 
linked and non-disulfide-linked yê T-cell antigen re- 
ceptors have been reported, both of which are made 
up of y- and -chain polypeptides. All a-, B-, y-, and 
-chains consist of variable-, diversity- (B- and -chain 
only), joining-, and constant-region gene segments, 
which are fully rearranged only in cells of T-cell lin- 
eage. Contributing to the high potential for diversity 
of the «aß T-cell antigen receptor’ are the large num- 
ber of variable-a, joining-a, variable-B, and joining-B 
gene segments, the presence of two or more tandemly 
arranged D segments (8 T-cell antigen receptor gene 
only), '* imprecise joining, and N-nucleotide inser- 
tions.'* Junctional diversity is very important for both 
the aß and yò T-cell antigen receptors. Through junc- 
tional diversity, > 10’ different variable a T-cell antigen 
receptor genes and 19" B T-cell antigen receptor genes 
can be produced, resulting in 10" possible different of 
T-cell antigen receptor heterodimers. Also, > 10° dif- 
ferent y T-cell antigen receptor genes and 10” 8 T-cell 
antigen receptor genes can be produced, resulting in 
10° possible different yò heterodimers.’ 

Through their T-cell antigen receptors T cells rec- 
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ognize antigenic peptides in association with human 
leukocyte antigens (HLA). CD4* cells recognize pep- 
tides in the context of self-HLA class II antigens, 
whereas CD8* T cells recognize peptides in the context 
of self—-HLA class I antigens. In contrast to T cells, B 
cells recognize soluble antigens through their cell-sur- 
face immunoglobulins. 

Both the af and yò T-cell antigen receptors are non- 
covalently associated with the CD3 T-cell differentia- 
tion antigen, a monomorphic structure expressed on 
the surface of T cells that is involved with T-cell 
functions" and very likely with signal transduction 
from the T-cell antigen receptor to structures inside 
the cell.” In addition to CD3 several other cell-surface 
molecules such as the CD4’ and CD8” antigens and 
certain adhesion molecules are involved in T-cell func- 
tions. These T-cell differentiation antigens are mem- 
bers of the immunoglobulin supergene family. The 
members of this family have a structure similar to that 
of immunoglobulin, although their stereochemistry is 
variably conserved.'® The polypeptide chains of these 
molecules are characteristically organized into folds 
formed by intrachain disulfide and dihydrogen bonds. 
The folds are important for antigen interactions. 

Our respective laboratories collaborated on strategies 
that could be useful in the management of ovarian 
cancer using either T lymphocytes activated by 
autologous tumor cells plus recombinant interleukin-2 
or kuman tumor cell surface—reactive monoclonal 
antibodies. 


Tumor-infiltrating lymphocytes in 

adoptive immunotherapy 

Tumor-infiltrating lymphocytes may represent an ac- 
tive immune response of the host specifically directed 
to the tumor.” Tumor-infiltrating lymphocytes ex- 
panded in recombinant interleukin-2 and administered 
with recombinant interleukin-2 and cyclophosphamide 
were found to exhibit potent antitumor activity against 
advanced metastatic disease in murine tumor models. 
In this system tumor-infiltrating lymphocytes were 
shown on a per cell basis to be 50 to 100 times more 
potent than lymphokine-activated killer cells in reject- 
ing established pulmonary metastases. In mice bearing 
a variety of solid tumors, treatment with tumor-infil- 
trating lymphocytes plus recombinant interleukin-2 
was shown to be far superior to treatment with lym- 
phokine-activated killer cells plus recombinant inter- 
leukin-2; thus Rosenberg et al.?' at the National Can- 
cer Institute initiated protocols to evaluate high-dose 
recombinant interleukin-2 and tumor-infiltrating lym- 
phocytes administered intravenously both with and 
withcut cyclophosphamide. 

Tumor-infiltrating lymphocytes have also been iso- 
lated and expanded in recombinant interleukin-2 
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from a large number of human tumors. We” ™ and. 


others” *° have recently developed and propagated in 
recombinant interleukin-2 cytotoxic T-cell lines and 
clones from tumor-infiltrating lymphocytes of patients 
with metastatic melanoma exhibiting autologous zu- 
mor—specific cytotoxicity and proliferative responses 
specific to the autologous melanoma tumor cells. Re- 
combinant interleukin-2—expanded tumor-infiltratmg 
lymphocytes from patients with metastatic melanoma 
have demonstrated antitumor activity in vivo” and ap- 
pear to be localized preferentially to the tumor sitz.” 
In an article published by Aebersold et al.,® the Na- 
tional Cancer Institute group reported 40% responses 
among patients with malignant melanoma who had re- 
ceived adoptive therapy with tumor-infiltrating lym- 
phocytes. In a differently designed study with tumor- 
icfiltrrating lymphocytes plus recombinant interleukin- 
2, Kradin et al.” reported clinical response rates of 23% 
and 29%, respectively, for patients with_ melanoma end 
renal cell cancer. Patients with ovarian cancer have not 
yet been treated with tumor-irfiltrating lymphocytes 
plus recombinant interleukin-2, with the exception of 
the subjects of an initial report this year from Japan 
that describes patients with ovarian carcinoma who 
were treated with either tumor-infiltrating lymphocrtes 
or tumor-infiltrating lymphocytes plus chemotherary.” 
All patients received cyclophosphamide before in-ra- 
venously administered tumor-infiltrating lymphocyte 
therapy; no patients received recombinant interleukin- 
2 in addition to tumor-infiltrating lymphocytes. 


Generation of cytotoxic T-cell lines from 
tumor-infiltrating lymphocytes of human 
ovarian carcinoma specific for autologous 
tumor cells 


A number of investigators have attempted to develop 
cytotoxic lines by culturing irfiltrating lymphoc~tes 
from ovarian ascites. Although lymphokine-activeted 
killer cell- or major histocompatibility complex—un- 
restricted cytotoxicity was observed in most of these 
studies, preferential autologous killing was seen in 
some cases. Culture of tumor-infiltrating lymphocytes 
from ascites of patients with ovarian carcinoma in the 
presence of 1000 U/ml of intereukin-2 resulted in the 
generation of lines of activated killer cells (natural k-ller 
and T cells) exhibiting broad target specificity.” Fer- 
rini et al.** developed a number of T-cell clones from 
the ascitic fluid of patients with ovarian tumors chat 
exhibit primarily nonspecific cytotoxicity. However, 
certain T-cell clones were capable of preferentially lys- 
ing autologous tumor cells. We. established and prop- 
zgated in recombinant interleukin-2 T-cell lines ftom 
24 patients with ovarian carcinoma. These T-cell lines 
were derived from tumor-infiltrating lymphocytes iso- 
lated from either ascites or solid ovarian primary or 
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_ metastatic tumors and were propagated in recombinant 


interleukin-2 tissue culture initially in plates or flasks 
(including polyolefin gas-permeable bags)” and then, 


- when sufficient numbers of cells were generated, in a 


hollow-fiber bioreactor.** The. properties of T-cell lines 
and clones from 14 patients were investigated in detail, 
and most of the results have been published. Studies 
with tumor-infiltrating lymphocytes from the remain- 
ing 10 patients were carried out to optimize the method 
for obtaining 1 xX 10'° to 1 x'10"' viable T cells suffi- 
cient to conduct a clinical trial. These cells were ex- 
panded to the maximum extent with polyolefin gas— 


permeable bags and the hollow-fiber bioreactor. 


T-cell lines developed from 6 (43%) of the 14 patients 
primarily exhibited cytotoxicity restricted to autologous 
tumor cells and did not significantly lyse allogeneic 
ovarian tumor cells or cells of the K562 tumor cell line, 
which is a typical natural killer—sensitive target (Fig. 


1). These T-cell lines, CD3*WT31*CD16~, were com- 


posed either exclusively (>90%) or primarily (>55%) 
of CD8* cells. T cells from the remaining patients were 
mainly of the CD3*WT3!*CD8-CD4*CD16~ pheno- 
type and exhibited cytotoxicity against both autologous 
and allogeneic ovarian tumor cells. The CD4/CD8 ratio 
in Ovarian tumor-infiltrating lymphocytes from these 
patients before expansion in recombinant interleukin- 
2 was 3.08. Expansion with recombinant interleukin-2 
resulted in primarily CD3*CD4*CD8~ aß T-cell anti- 
gen receptor—positive lines in 6 of 7 patients. CD16* 
and CD56* cells were present in very low concentra- 


‘ tions (<7%) both in preexpansion and in postexpansion 


tumor-infiltrating lymphccytes. 
The lysis of autologous ovarian tumor cells by tumor- 
infiltrating lymphocyte—derived T-cell lines and clones 


from patients with ovarian carcinoma were inhibited at 


the effector phase by anti-CD3 (OKT3) or anti-aB TCR 
(WT31) monoclonal antibodies demonstrating that the 
CD3 aß T-cell antigen receptor is involved in autolo- 
gous tumor-specific cytotoxicity.” "8 Neither anti-CD4 
nor anti-CD16 monoclonal antibody had any effect. 
Anti-HLA class I monoclonal antibody, but not HLA 
class IJ monoclonal antibody, blocked cytotoxicity 
against autologous ovarian tumor cells at the target-cell 
level, suggesting that HLA class I on autologous tumor 
targets are among the structures recognized by specific 
cytolytic T lymphccytes.* * 


‘Oligoclonal pattern of B-chain T-cell antigen 
receptor gene rearrangement in tumor-infiltrating 
lymphocyte—derived T-cell lines exhibiting 
autologous tumor-specific cytotoxicity 
We addressed the question of whether T-cell lines 

with autologous tumor-specific activity derived from 
tumor-infiltrating lymphocytes of patients with ovarian 
carcinoma comprised either oligoclonal or polyclonal 
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T cells. Other investigators®*"' have established that 
digestion of germ-line DNA with EcoRI, followed by 
probing with a 8-chain constant region constant B com- 
plementary DNA (cDNA) probe results in two frag- 
ments of 11.5 and 4.0 kb. Similarly, digestion with 
HindIII followed by probing with a constant B probe 
results in three fragments of 8.0, 6.5, and 3.5 kb. Re- 
striction analysis with a constant B probe of both EcoRI 
digests and HindIII digests is sufficient to detect all B- 
chain T-cell antigen receptor rearrangements. EcoRI- 
digested DNA was isolated from tumor-infiltrating lym- 
phocyte—derived T-cell lines exhibiting autologous tu- 
mor-specific activity. Southern blot analysis was carried 
out with a joining-B constant-B cDNA probe” (Fig. 2). 
An oligoclonal pattern of B-chain T-cell antigen recep- 
tor gene rearrangement was clearly demonstrated. 
These T-cell lines exhibited the 4.0 kb germ-line band 
and, in addition, non-germ-line rearrangements as 
shown in Fig. 2. The 11.5 kb germ-line band was not 
detectable. These findings demonstrate that these cells 
rearranged at least the constant-81 constant-region 
gene segment. The presence of the non-germ-line 
bands was very likely the result of a limited number of 
‘T-cell clones that had sufficiently expanded during cul- 
ture with recombinant interleukin-2. If the tumor-in- 
filtrating lymphocyte T-cell lines had been made up of 
polyclonal T cells, non-germ-line rearrangements 
could not have been detected. HindIII-digested gen- 
omic DNA probed with the joining-B —constant-B probe 
exhibited a germ-line pattern (3.5, 6.5, and 8.0 kb), 
suggesting that these T-cell lines rearranged only the 
constant-81 (data not shown). Wetland others ® have 
made similar observations for melanoma tumor-infil- 
trating lymphocyte—derived T-cell lines with autolo- 
gous tumor-specific cytotoxicity. 


Generation of large numbers (1 x 10” to 

1 x 10") of tumor-infiltrating 
lymphocyte—derived T cells with recombinant 
interleukin-2 in hollow-fiber bioreactors 


We generated large numbers (1 X 10° to 1 x 10") 
of tumor-infiltrating lymphocyte—derived T cells from 
patients with ovarian carcinoma in hollow-fiber bio- 
reactors. Mixtures of tumor-infiltrating lymphocytes 
and autologous tumor cells were prepared either from 
malignant ascites by centrifugation on Ficoll-Hypaque” 
or from solid tumor specimens (primaries or metasta- 
ses) by enzymatic dissociation.” In a preliminary anal- 
ysis of our data on ovarian tumor-infiltrating lympho- 


cytes before expansion, the ratio of CD4* to CD8* tu- 


mor-infiltrating lymphocytes is 3: 1. The mixtures were 
cultured in AIM V medium supplemented with 2 
mmol/L L-glutamine and 600 IU recombinant inter- 
leukin-2 (Chiron-Cetus) in 24-well, flat-bottomed tissue 
culture plates. After 1 week in culture the expanded 
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Fig. 1. Representative cytotoxicity experiments showing au- 
tologous tumor-specific killing by cytolytic T lymphocytes 
from four patients. 


tumor-infiltrating lymphocytes were transferred to 
T-75 plastic tissue culture flasks (Falcon Plastics, Ox- 
nard, Calif.); after 2 to 3 weeks, approximately 1 x 10° 
tumor-infiltrating lymphocytes were transferred into 
gas-permeable polyolefin flasks (bags) (Baxter Labs, 
Morton Grove, Ill.). After 5 x 10° cells weré generated 
(within a few days), the tumor-infiltrating lymphocytes 
were transferred with the media into a BF4 cartridge 
of the hollow-fiber bioreactor (Cellco, Bethesda, Md.). 
The cells were further expanded in the bioreactor and 
harvested 19 to 21 days later. A total of 1 x 10" to 
1 x 10" tumor-infiltrating lymphocytes were gener- 
ated, representing expansion of tumor-infiltrating lym- 
phecytes with recombinant interleukin-2 after a single 
stimulation with autologous tumor cells in the range of 
2000-fold to 5000-fold. These T-cell numbers were suf- 
ficient to conduct clinical trials of adoptive immuno- 
therapy. All T-cell lines developed were composed of 
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Fig. 2. Tumor-infiltrating lymphocyte—derived T-cell lines from patients with ovarian carcinoma 
exhibit an oligoclonal pattern of 8-chain T-cell receptor rearrangement. Genomic DMA was extracted 
from tumor-infiltrating lymphocyte—derived T-ceil lines from patients from ovarian carcinoma 
digested with EcoRI and fractionated by electrophoresis in a 1% agarose gel. The DNA was trans- 
ferred into nylon-modified membranes and was hybridized with a joining-B—constan:-B cDNA probe. 
Lanes 1 and 2, Two tumor-inhiltrating lymphocyte T-cell lines developed at different times from the 
same patient were analyzed and exhibited identical non-germ-line rearrangements at 8.8 and 10.0 
kb. Lane 3, Tumor-infiltrating lymphocyte T-cell lines from a different patient with ovarian carcinoma 
exhibited a 9.0 kb non-germ-line rearrangement. Lanes 4 and 5, CD4~CD8* (lane 4) and CD4*CD8~ 
(lane 5) T-cell lines were derived from:a third patient with ovarian carcinoma. Non-germ-line rear- 
rangements of 8.7 anc 10.0 kb (lane 4) and 3.0 kb (lane 5) were observed. EcoRI DNA digests from 
the K562 cell line were used: as germ-line controls and provided two bands of 4.0 and 11.5 kb (data 
not shown). The position of the bands (regis) and the molecular size markers (left) are shown 
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CD3* aB TCR* cells. Five of these T-cell lines con- 
tained mostly CD4* cells. Three T-cell lines contained 
mostly CD8* cells, whereas the remaining two con- 
tained significant proportions of CD3*CD4* ard 
CD3*CD8* cells. These results demonstrate that 
ovarian tumor-infiltrating lymphocyte—derived T-cell 
lines expanded in recombinant interleukin-2 from in- 
dividual patients may be predominantly either 
CD3*CD8*CD4~- or CD3*CD8-CD4* cells. We have 
not observed substantial differences in the phenotypzs 
of tumor-infiltrating lymphocyte—derived T-cell lines 
from solid tumors and ascites. i 


Putative mechanisms of action from the use of 
tumor-infiltrating lymphocyte -derived 
T-cell lines - 


Recombinant interleukin- -2—expanded tumor-infil- 
trating lymphocyte—derived T-cell lines may exerc:se 

artitumor activity in vivo by means of a number of 
different mechanisms. Cytotoxic CD8* cells may lyse 
tumor cells by exhibiting either autologous tumor-—-spe- 
cific cytotoxicity“ or nonspecific cytotoxicity." Certain 
recombinant interleukin-2—expanded CD4* cells a SO 
exhibit nonspecific cytolytic activity. Both CD4**’ and 
CD8*” tumor-infiltrating lymphocyte—derived cells 


produce cytokines, including y-interferon, tumor ne- 
crosis factor, interleukin-6, and others, in response to 
autologous tumor cells or other stimuli. These cyto- 
kines may exhibit antitumor activity by one of the fol- 
lowing mechanisms: (1) direct lysis of the tumor cells; 
(2) inhibition of tumor cell growth (antiproliferative or 
cytostatic effect); (3) enhancement of the expression of 
major histocompatibility antigens on the target cells, a 
phenomenon that makes the cells susceptible to lysis by 
cytotoxic T cells; and (4) induction of the differentia- 
tion of precytotoxic T cells to cytotoxic/effector T cells. 
It remains to be determined whether purified CD4* or 
CD8* T-cell lines derived from ovarian tumor—infil- 
trating lymphocytes produce the same or different cy- 
tokines. 


Intraperitoneal treatment of patients with ovarian 
carcinoma with timor-infiltrating . 
lymphocyte—derived T-cell lines and low doses 
of recombinant interleukin-2 


We receritly activated a clinical trial (protocol T90- 
0126), as approved by the Cancer Therapy Evaluation 
Program of the National Cancer Institute for patients 
with ovarian carcinoma in whom cisplatin had failed. 
In the trial an intraperitoneal regimen of adoptively 
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Fig. 3. Protocol T90-0126. Autologous tumor-specific lymphocytes in treatment of advanced ovarian 
carcinoma. TIL, Tumor-infiltrating lymphocytes; ip., intraperitoneal; r/L-2, recombinant interleu- 


kin-?. 


transferred recombinant interleukin-2—expanded tu- 
mor-infiltrating lymphocyte—derived T-cell lines and 
low doses of recombinant interleukin-2 was used. The 
clinical protocol outlined in Fig. 3 is as follows: A tem- 
porary removable catheter is placed fluoroscopically 
into the peritoneal cavity of participating patients. In 
the tumor-infiltrating lymphocytes plus recombinant 
interleukin-2 treatment arm, patients are treated on 
day 1 with tumor-infiltrating lymphocytes plus recom- 
binant interleukin-2 and on days 2 to 4 with recombi- 
nant interleukin-2 alone. Two succeeding 4-day cycles 
of low-dose intraperitoneal recombinant interleukin-2 
are administered beginning on days 8 and 15, respec- 
tively. Patients with unsatisfactory expansion in vitro of 
T-cell lines may receive recombinant interleukin-2 
alone after the same schedule. The radiolocalization of 
the tumor-infiltrating lymphocyte—derived T-cell lines 
to the tumor sites is being studied with indium 111— 
labeled tumor-infiltrating lymphocyte—derived T-cell 
lines. Patients are monitored for toxicity and response. 
A number of immunologic parameters are being in- 
vestigated, including cell-mediated cytotoxicity against 


cytokine production and autologous and allogeneic tu- 
mor cells. These parameters are being examined for 
interleukin-2—expanded tumor-infiltrating lympho- 
cytes to be adoptively transferred in these patients and 
for cell samples obtained from the peritoneal cavity 
before and after treatment with tumor-infiltrating lym- 
phocvtes—recombinant interleukin-2. Both preferen- 
tial autologous tumor-cell killing and nonspecific killing 
of autologous and allogeneic tumor-cell lines were ob- 
served with tumor-infiltrating lymphocyte—derived 
lines expanded for therapy in low-dose recombinant 
interleukin-2, T-cell lines expanded in the hollow-fiber 
bioreactor produced significant amounts of interferon- 
y, granulocyte-macrophage colony-stimulating factor, 
and tumor necrosis factor-a. Furthermore, after treat- 
ment with ovarian tumor—infiltrating lymphocytes plus 
recombinant interleukin-2 we have detected substantial 
amounts of these cytokines in fluid ‘samples obtained 
from the peritoneal cavity, whereas the same cytokines 
were not found in the pretreated peritoneal fluid sam- 
ples. Preliminary results from the first two patients en- 
tered indicate that this treatment approach is feasible 
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and that the resulting toxicity is manageable. Moreover, 
serial cytopathologic examinations of the ascitic fluid 
of the first patient demonstrated a marked reduction 
in ascitic tumor-cell infiltrates associated with a h:gh 
number of lymphocytes and other cells of hematologic 
origin during treatment with tumor-infiltrating lym- 
phocytes—recombinant interleukin-2. 


Human ovarian tumor surface—reactive 
monoclonal antibodies’ 


A considerable number of mouse monoclonal anti- 
bodies specific for tumor-associa:ed antigens have been 
developed.? The major problem with using murine 
monoclonal antibodies with tumor-cell surface reacziv- 
ity is the generation of a human antimouse antibody 
response. The human antimouse antibody responses 
are a significant problem when multiple injections of 
antibody are needed in vivo for either treatment or 
diagnosis by nuclear imaging. Attempts have been 
made to address this problem through a modification 
of the mouse antibody by replacing the constant regions 
of the antibody molecule with human sequences, leav- 
ing intact either large (hybrid antibodies) or small (hu- 
manized antibodies) parts of the variable region." How- 
ever, both hybrid and humanized antibodies are anti- 
genic in humans and elicit a human anti-mouse 
antibody. One possible solution to the problem is the 
development of human moncclonal antibodies that 
react with cell-surface molecules. These antibodies can 
be developed by means of various methods, inclucing 
fusion of antibody-producing immune cells from can- 
cer patients with plasmacytomas and immortalizacion 
of these cells with a transforming virus such as Epstzin- 
Barr. The advantages of human monoclonal antitod- 
ies over mouse monoclonal antibodies are significant 
and include the following: 

l. Human monoclonal antibedies do not elicit in vivo 
a human anti-mouse antibody response as do mouse 
monoclonal antibodies. | 

2. Human monocional antibodies are significantly 
more stable in vivo in humans than mouse monoclonal 
antibodies, a property that-is very important for the in 
vivo diagnosis and treatment of patients. 

3. The human antibody response may be different 
from the response of the mouse, and human mono- 
clonal antibodies may recognize different antigens than 
mouse monoclonal antibodies. 

We have successfully developed human monoclonal 
antibodies with tumor-cell surface reactivity by fusing 
B cells from the regional lymph node of a patient with 
ovarian carcinoma with cells of a heteromyeloma cell 
line. The study was conducted under an institutional 
review board—approved protocol. One of the human 
monoclonal antibodies developed was ACGC3, an im- 
munoglobulin M A that is highly reactive with the cell- 
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surface membranes of ovarian tumor cells and tumor 
cells from certain other malignancies. This antibody 
either does not react or reacts weakly with most normal 
tissues, including the blood, brain, heart, and kidney. 
This monoclonal antibody recognizes a 32 kd surface 
antigen by immunoprecip:tation and mediates the com- 
plement-dependent killing of ovarian tumor—cell tar- 
gets. In preliminary studies radioiodinated AC6C3 de- 
tects Ovarian tumor xenografts established in nude 
mice, and it is taken up at a higher rate by tumor 
tissue than by normal tissue. The AC6C3 surface-re- 
active human monoclonal antibody may therefore be 
of value in the diagnosis znd treatment of ovarian car- 
cinoma. 

One of the main prob-ems with the use of human 
monoclonal antibodies in clinical trials diagnostically or 
therapeutically is the difficulty in producing enough of 
them. In contrast with mouse hybridomas, human hy- 
bridomas produce antibodies in very low concentra- 
tions and are notoriously unstable; thus they require 
frequent recloning. We are attempting to overcome this 
problem with the AC6C2 monoclonal antibody, using 
recombinant DNA technology. We are in the process 
of cloning and expressing the light and heavy chains 
of the AC6C3 monoclonzl antibody using appropriate 
expression systems to obtain sufficient quantities of 
AC6C3. Using the polymerase chain reaction, we have 
determined the variable-1—diversity-w—joining-w and 
variable-A—joining-A gene segments that encode the 
heavy and light chains of AC6C3.°! 

It is clear that recombinant interleukin-2—expanded 
T-cell lines derived from the tumor-infiltrating lym- 
phocytes of patients with ovarian carcinoma recognize 
different targets on the surfaces of tumor cells and act 
by different mechanisms than do cell-surface—reacting 
monoclonal antibodies. For this reason, these two ap- 
proaches could complement each other in the devel- 
opment of treatment strategies for ovarian cancer. 
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LETTERS TO THE EDITORS 





When do cardiovascular parameters return to their 
preconception values? 


To the Editors: We read with interest the article by Cape- 
less and Clapp (Capeless EL, Clapp JF. When do car- 
diovascular parameters return to their preconception 
values? AM J OBSTET GYNECOL 1991;165:883-6). We 
would like to report our hemodynamic results from 
women studied before and after pregnancy. 
Echocardiographic investigations were performed in 
13 women before and throughout normal pregnancy.’ 
Studies were repeated 6 months after delivery. Cardiac 
output was measured by cross-sectional and Doppler 
echocardiography at the aortic valve, and left ventric- 
ular dimensions, mass, and function were measured by 
M-mode echocardiography.' The results (mean + SD) 
are shown in Table I. None of these differences were 
statistically significant (paired Student ¢ test). 
Although the results of Capeless and Clapp sug- 
gested that stroke volume and end-diastolic volume 
(calculated from left ventricular end-diastolic dimen- 
sion) remained elevated relative to preconception val- 
ues, at 6 and 12 weeks after delivery, our results suggest 
that by 24 weeks after delivery cardiac output and left 
ventricular dimensions, mass, and function have all re- 
turned to prepregnancy values. We agree with Capeless 
and Clapp that the interpretation of hemodynamic 
studies in which nonpregnant control data have been 
derived from early puerperal studies requires caution. 
Stephen C. Robson, MD 
Department of Obstetrics and Gynaecology, University College and 
Middlesex School of Medicine, 86-96 Chentes Mews, London, 
England 
Wiliam Dunlop, MD 


Department of Obstetrics and Gynaecology, University of Newcastle 
Upon Tyne, Princess Mary Maternity Hospital, Great North Road, 
Newcastle upon Tyne, England 
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Reply 
To the Editors: We appreciate the comments of Robson 
and Dunlop. At the 6-month follow-up from their ear- 
lier study, the cardiovascular parameters measured had 


returned to preconception values. We are currently 
analyzing our own study group with 6 month and 1 
year follow-up. Although we continue to observe an 
increase in cardiac output at 6 months (approximately 
10%), our findings at 1 year agree with Robson and 
Dunlop in that cardiac output has returned to its pre- 
conception value. There may be some variability in the 
timing of the return of the cardiovascular system to its 
preconception baseline. Our study group represented 
a physically active and fit (maximum oxygen consump- 
tion 46.9 ml/kg, range 41.7 to 56.8 ml/kg) population 
with a low (65 beats/min) resting heart rate before 
pregnancy. 

Eleanor L. Capeless, MD 


Department of Obstetrics and Gynecology, University of Vermont, 
Shep 419-MCHYV, Burlington, VT 05401 


James F. Clapp IH, MD 


Department of Obstetrics and Gynecology, Metro Health Science 
Center, 3395 Scranton Road, Cleveland, OH 44109 


Early detection of preeclampsia 


To the Editors: After reviewing >100 clinical, biologic, 
and biochemical tests, Dekker and Sibai (Dekker GA, 
Sibat BM. Early detection of preeclampsia. AM J OB- 
STET GYNECOL 1991;165:160-723 failed to find a test 
that could predict early preeclampsia; they missed a 
vitally important test from 1960.’ In that study 633 
women between the sixteenth and twenty-eighth weeks 
of pregnancy were asked on a single occasion, “Do you 
feel as well now as before pregnancy?” Of those giving 
negative answers, 25% later had preeclampsia com- 
pared with 11% of those answering “Yes.” Those whose 
symptoms continued to the next antenatal visit 1 month 
later had a 41% incidence of preeclampsia. The women 
did not complain lightly: 94% had at least two symp- 
toms such as lethargy, nausea and vomiting, depression, 
backache, headache, and vertigo. Dekker and Sibai 
sought a predictive test that would identify a high-risk 
group and that was inexpensive, noninvasive, easy to 
carry out, and of high sensitivity. It seems that asking 
the patient how she ts feeling at each antenatal visit is 
the predictive test required. 

The recognition that the same symptoms present in 
the midtrimester were subsequently suffered by the 
same women in their premenstruums,’ the early pre- 


Table I. Echocardiographic results in 13 women before and after pregnancy 


Cardiac output (L/min) 

Stroke volume (ml) 

Heart rate (beats/min) 

Left ventricular end-diastolic dimension (cm) 
Left ventricular end-systolic dimension (cm) 
Left ventricular mass (gm) 

Fractional shortening (%) 


Preconception 


6 mo post partum 


4.88 + 0.39 5.00 + 0.5] 
65.8 + 5.7 68.4 + 6.0 
74.6 + 4.9 73.2 + 5.5 
4.49 + 0.19 4.52 + 0.17 
2.90 + 0.23 2.88 + 0.18 
120 + 17 126 + 23 
35.4 + 1.5 36.2 + 1.7 


1479 


1480 Letters 


diction of preeclampsia by the presence of symptoms, 
and the 86% incidence of premenstrual syndrome after 
preeclampsia’ that suggested the idea of treating symmp- 
toms in the midtrimester with progesterone injections.’ 
This idea led to controlled trials, in which the incidence 
of preeclampsia was reduced tc 3% when the women 
were treated with progesterone injections (62 women)“ 
and progesterone suppositories (80 women)’ compared 
with an 11% incidence of preeclampsia among controls 
(154 women). Today the concept of preeclampsia as a 
trophoblast-dependent process is accepted, the role of 
progesterone at the cytotrophoblast and syncytiotro- 
phoblast junction is understooc,° and progesterone is 
known to be an inhibitor of monoamine oxidase.’ 

Therefore is it not time to test the predictive vzlue 
of symptoms in early pregnancy and the prophylactic 
value of progesterone given from midtrimester onward 
in a large, multicentered, randomized, double-blind, 
controlled trial? 

Katharina Dalton, MD 

118 Harley St., London, England WIN 1AG 
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Reply 

To the Editors: 1 thank Dalton for her interest in our 
manuscript. She suggests that asking the patient certain 
questions about well-being is a good predictor of sub- 
seguent preeclampsia. Some of these questions have to 
do with nausea, lethargy, vomiting, depression, head- 
ache, and vertigo. In 1960 she found that persistence 
of these symptoms at two different visits resulted in a 
41% incidence of subsequent pregnancies. Unfartu- 
nately, almost all of these symptoms may be indicators 
of severe disease in women with established preeclamp- 
sia. Because some of these studies were published 30 
to 40 years ago, it is conceivable that several of trese 
women had established preeclempsia by the time :hey 
complained of these symptoms. 

Baha M. Sibat, MD 


Division of Maternal-Fetal Medicine, Department of Obstetric: and 
Gynecology, University of Tennessee, €53 Jefferson Ave., Memphis, 
TN 38103 
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Anesthesia for neonatal circumcision aids 
hazard detection 


To the Editors: I'm proud to say that I am one of the 
obstetricians who enjoys coing circumcisions. I prefer 
using the Gomco unit—it is a little more tedious, but 
it gives a final result immediately with nothing to trou- 
ble the mother except routine hygiene. 

I thought the procedure was relatively foolproof, but 
I discovered a hidden hazard. Before starting, I put in 
a dorsal penile nerve block with local infiltration of 1% - 
licodaine for anesthesia at the 2 and 10 o'clock posi- 
tions, where the junction of the shaft meets the perineal 
skin. With gentle traction on the penis, injection is made 
l cm cephalolateral from the base of the penile shaft. 
At this location the dorsal nerve bifurcates to either 
side. I also inject a small amount subcutaneously in the 
skin around the corona of the glans at 8, 12, and 4 
o'clock. I use a 27-gauge needle with care to avoid small 
blood vessels. I avoid the frenulum area altogether. The 
infant often sleeps through the procedure. 

I place two hemostats on the foreskin and then break 
up adhesions between the glans and the foreskin with 
a hemostat. I crush the foreskin at 12 o’clock to within 
2 mm of the corona of the glans. I crush again on either 
side of the crush mark so that I can cut down the middle 
with absolutely no bleeding. I then place the bell inside 
the foreskin. This is the point of hazard. 

I lay the base of the clamp down next to the scrotum. 
I pass the stem of the bell back through the hole in the 
base of the clamp. I then reach back through the hole 
in the base of the clamp from my side and grab the 
foreskin at 3 and 9 o’clock with two different hemostats. 
I pull the foreskin and tke bell back through the base 
of the clamp. At this point in the procedure one infant 
began to cry. That this was unusual is part of the value 
of the block. If there is rot undue traction or torsion 
of the penis and if the Gomco unit has not been rested 
on the testicles, the infant is usually not crying. I 
checked the application and discovered that the scrotal 
skin had inadvertently been pulled in with the bell and 
was being crushed as I tightened the vise on the Gomco 
clamp. I discovered the error and corrected it before 
much harm was done. 

It would be a worthy addition to the procedure to 
check under the base of the clamp and make sure that 
the scrotum has not become entrapped or to drape the 
scrotum out of the field with the adhesive drape so that 
entrapment is not possible. The nerve block was also 
helpful in the discovery of the error, as well as in pain 
relief for the infant. 

S.W. Flowers, MD, and Judy Banks, MD 
213 Glenridge Ave., Montclair, NJ 07042 


identification of varicella zoster virus infection 


To the Editors: Although the article by Isada et al. (Isada 
NB, Paar DP, Johnson MP, Evans MI, Holzgreve W, 
Qureshi F, Straus SE. In utero diagnosis of congenital 
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varicella zoster virus infection by chorionic villus sam- 
pling and polymerase chain reaction. AM J OBSTET GY- 
NECOL 1991;165:1727-1730) is interesting, there does 
not seem to be clear evidence that the varicella zoster 
virus identified by polymerase chain reaction is fetal or 
maternal. It would seem that a sample of chorionic 
villus could easily contain maternal blood cells or even 
decidua. Therefore it was not proved that these two 
deoxyribonucleic acid fragments came from the fetus. 
Given the rarity of congenital anomalies, inducing an 
abortion (case 1) on the basis of this information is 
tenuous and possibly unnecessary. 

Marvin S. Amstey, MD 


Department of Obstetrics-Gynecology, University of Rochester Medical 
Center, Strong Memorial Hospital, 1000 South Ave., Rochester, NY 
14620 


Reply 

To the Editors: We thank Amstey for his insightful com- 
ments. Workers in the field agree that one of the pitfalls 
in the use of polymerase chain reaction is contamina- 
tion. In response to the first possibility, maternal con- 
tamination at the molecular level was the reason we 
attempted analysis in the fetal brain and liver. Second, 
gross contamination by maternal decidua is highly un- 
likely because of the methods of dissection we use as a 
reproductive genetics center. Finally, we disagree that 
the risk of congenital anomalies after chicken pox is 
“tenuous.” The German literature suggests the risk to 
be in the range of 1% to 3%. American studies have 
suggested the risk to be as high as 9%.' It is encouraging 
that one recent American study observed no congenital 
varicella syndrome in 36 women with first-trimester 
varicella, although one elected a pregnancy termination 
after counseling. Certainly much work needs to be 
done in the field of first- and second-trimester perinatal 
infections; we agree that the approach to the patient 
must be handled cautiously while giving her all available 
information. 

Nelson Isada, MD 


Department of Reproductive Genetics, Hutzel Hospital, 4707 St. 
Antoine, Detroit, MI 47201 
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Preterm versus term asphyxia 


To the Editors: Melone et al. (Melone PJ, Ernest JM, 
O’Shea, MD, Klinepeter KL. Appropriateness of intra- 
partum fetal heart rate management and risk of ce- 
rebral palsy. AM J OBSTET GYNECOL 1991;165:272-7) 
conclude that “the intrapartum period is an infrequent 
source of cerebral palsy.” Their data only attest to this 
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conclusion regarding preterm babies because 90% of 
their sample were preterm. As Blair and Stanley’ point 
out, in preterm children “signs of birth asphyxia are 
common... but are not statistically significantly more 
frequent in those with spastic cerebral palsy than in 
those without.” Thus Melone’s study does not help an- 
swer the question that doctors and lawyers deal with 
more frequently, namely, do intrapartum events cause 
cerebral palsy in the term infant? Fortunately, these 
issues have been dealt with in a more rigorous fashion 
in the Dublin fetal monitoring study’ and in the Na- 
tional Collaborative Perinatal Project study.’ 

Joseph M. Scheller, MD 


Department of Health and Human Services, Public Health Service, 
National Institutes of Health, Room 714, Federal Building, Bethesda, 
MD 20892 


The views in this letter reflect the opinions of the author and not those of 
the Federal Government, 
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What is intercurrent eclampsia? 


To the Editors: I read the article by Lépez-Llera (Lépez- 
Llera M. M. Main clinical types and subtypes of eclamp- 
sia. AM J] OBSTET GYNECOL 1992;166:4-9) with great 
interest. I found the “intercurrent” subtype of ante- 
partum eclampsia to be confusing. Lépez-Llera defined 
this subtype as convulsions, hypertension, or protein- 
uria appearing as in antepartum cases but stopping and 
subsiding with enough clinical improvement to allow 
continuation of pregnancy for >7 days. To allow con- 
tinuation of pregnancy after eclamptic convulsions is 
in conflict with classic management. Gant and 
Pritchard' recommend that “once convulsions have 
been controlled and no other obstetric complications 
coexist or develop, there is no urgency for immediate 
delivery, but neither is there reason for undue pro- 
crastination.” In addition, the longer the delay until 
delivery, the worse the outcome. When the time from 
first convulsion to delivery was from 0 to 2 hours, 7% 
of maternal fatal cases occurred; when the time was 
>24 hours, maternal mortality rate rose to 42%.” When 
the time from first convulsion to delivery was <6 hours, 
the perinatal mortality rate was 14%; when the time 
was >24 hours, the perinatal mortality was 53%.? “Clin- 
ical improvement” as a reason for delay of delivery is 
not of pathogenetic importance and does not implicate 
amelioration of the tissue-poor perfusion.’ I believe 
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that the “intercurrent” subtype of eclampsia needs fur- 
ther clarification. 
Joseph R. Lecberman, MD 


Department of Obstetrics and Gynecology, Soroka University Hospital 
of Kupat Holim, Ben Gurion University, POB 131 Beer Shzva, 
84101 Israel 
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Reply 
To the Editors: We appreciate Leiberman’s interes: in 
aur article and his concern regarding intercurrent 
eclampsia. We agree that the issue needs further clar- 
ification; after other priorities are dealt with, we plan 
to write a complete analysis. However, for the t:me 
teing we make the following comments: 

l. As defined, intercurrent eclampsia is a rare oc- 
currence. Of 990 patients, only 23 (1/43) fulfilled the 
criteria. This incidence would probably be still lower 
cutside large tertiary care referral units. Hence, many 
physicians may be skeptical about the existence of in- 
tercurrent eclampsia. 

_ 2. Intercurrent eclampsia has been identified by pre- 
vious authors,'* but under somewhat different criteria; 
those conditions may not be comparable with ours. 

3. As defined, intercurrent eclampsia in our opirion 
is caused by a particularly low convulsive threshold and 
rot by the intensity of the systemic maternal abnor- 
malities that, were it not for the seizures, should be 
graded as moderate. Hence in this unique situation 
convulsions are not indicative of the seriousness of the 
condition from the maternal point of view. 

4. All physiopathologic changes of eclampsia are 
completely reversible after delivery. To a certain extent 
a partial reversibility is also possible before delivery 
provided the changes have not passed a critical point 
and the right management is given. This partial re- 
versibility is only a temporary :mprovement that may 
last a few hours, some days, and in very special circum- 
stances a few weeks (intercurrent eclampsia). 

5. One of the most valued attributes of the clinician 
is the capacity to recognize exceptions to the rule and 
allow therapeutic adjustments after individual assess- 
ment, which in no possible way is equivalent to pro- 
crastination. The fact is that there was no maternal 
mortality in these 23 women. 

6. In our experience, in the presence of a stable, 
correctly controlled and cautiously monitored clirical 
situation there are two reasons to attempt continuazion 
of pregnancy in the preeclamptc-eclamptic syndrome: 
to gain some critical fetal maturity and to reach favor- 
able conditions compatible with vaginal delivery in par- 
cus women. 
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7. The only two neonatal deaths in intercurrent cases 
thus managed weighed 1250 and 1100 gm. On the 
other hand, the incidence of the cesarean section was 
34.8% versus 74.3% on regular antepartum eclampsia 
cases, a drop of more than 50%. 

We hope that these comments make our position 
clearer. 

Mario Lépez-Llera, MD 


Nicolás San Juan 1031, Col Del Valle, México 03100 D.F., 
Mexico 
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Repeated intracervical instillation of 
prostaglandin E, efficacy and safety 
To the Editors: I read with great interest the article by 
Milliez et al. (Milliez JM, Jannet D, Touboul C, El Med- 
jadji M, Paniel BJ. Maturation of the uterine cervix by 


repeated intracervical instillation of prostaglandin E.. 
AM J OBSTET GYNECOL _991;165:523-8). Because the 


primary goal of labor induction is to reduce the rate 


of cesarean sections, any new technique should be ex- 
amined against its influence on the cesarean section 
rate.’ 

The reported rates of cesarean sections in the single 
maturation and multiple maturations group were sim- 
ilar: 24% and 29% respectively. 

The rate of cesarean sections in the study group was 
similar to the results of studies in which a single dose 
of prostaglandin E, was used.” * 

Milliez et al. state that no patient required a cesarean 
section as a result of failed induction of labor; however, 
the rate of cesarean sections resulting from acute fetal 
distress was 20.4%. This result is significantly higher 
than the reported rate of 8.5% in another study in 
which a single dose of prostaglandin E, was used.’ 

On the basis of these “acts, I believe that the study 
of Milliez et al. failed to demonstrate the efficacy and 
the safety of repeated inatillations of prostaglandin E» 
as compared with other methods of induction. 

Oren Fruchter 
29 Greenbaum, Haifa, Israel 24987 
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Reply 
Te the Editors: I totally agree with Fruchter’s comment. 
Our study was intended to test the safety of repeated 
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intracervical instillations of prostaglandin E, gel, not its 
efficacy. The high rate of cesarean sections, which is 
similar in both groups of single or multiple matura- 
tions, merely reflects the large number of complicated 
pregnancies, which is not necessarily the same in other 
studies. To evaluate the efficacy of the method we com- 
pleted a randomized clinical study comparing cervical 
ripening with 0.25 mg of prostaglandin E,, repeated if 
necessary, to preinduction cervical ripening with a sin- 
gle dose of 0.50 mg of prostaglandin E, gel.’ Of the 
42 patients in each group, there were 4 failures of in- 
duction of labor in the second group and none in the 
first group (p < 0.05). Three episodes of myometrial 
hyperstimulation caused by the maturation procedure 
required an emergency cesarean section for severe fetal 
heart rate decelerations in the second group and none 
in the first group. A report on that study was submitted 
to several journals; that report was considered to be 
similar to the prior report with no remarkably new 
information and therefore not suitable for publication. 
I am convinced that a therapeutic approach cannot be 
advocated unless it has been properly evaluated; I 
therefore feel frustrated not to be able to support our 
standpoint further. Nevertheless, I am grateful to 
Fruchter to suggest that at least one reader would have 
been interested in our conclusions. 

J. Milliez, MD 
Centre Hospitalier Intercommunal, 40 Avenue De Verdun, 94010, 
Créteil, France 
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Hemorrhagic endovasculitis of the placenta 


To the Editors: I read with interest the article by Shen- 
Schwarz et al. (Shen-Schwarz S, Macpherson TA, Muel- 
ler-Heubach E. The clinical significance of hemor- 
rhagic endovasculitis of the placenta. AM J OBSTET Gy- 
NECOL 1988;159:48-51). Although the criteria used to 
establish the diagnosis of hemorrhagic endovasculitis 
matched those of the original description of this pro- 
cess,' the incidence in a regional obstetric hospital over 
a 3-month period was much lower (0.67%) than that 
identified over a 4-year period (19.4%)? at the Michigan 
Placental Tissue Registry, a statewide referral center. 
Part of this discrepancy in incidence may be due to 
sampling techniques. The authors examined two full- 
thickness sections from a 2-cm-wide strip of each pla- 
centa. Conversely, seven full-thickness sections from 
the entire placenta are processed at MPTR. Thus sam- 
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pling, as well as high-risk selection of cases sent to 
MPTR, could explain some of the incidence differ- 
ences. 

From their occurrence data, these authors believe 
that the incidence of hemorrhagic endovasculitis in the 
general pregnant population maybe lower than 0.67%. 
We have attempted to establish an incidence figure for 
hemorrhagic endovasculitis in the pregnant population 
at large. Placentas from 52 consecutive deliveries in two 
Michigan hospitals were examined by Registry proto- 
col.* Three placentas from this group exhibited foci of 
hemorrhagic endovasculitis, which suggests that the in- 
cidence of placental hemorrhagic endovasculitis in the 
pregnant population at large in Michigan is between 
5% and 6%. Additionally, I have found that sensitivity 
to recognition of placental hemorrhagic endovasculitis 
is quite variable among pathologists. Therefore this fac- 
tor should be considered in any analysis of its incidence. 

Our data have shown a strong association between 
hemorrhagic endovasculitis and stillbirth.” The absence 
of hemorrhagic endovasculitis in stillbirths in the Pitts- 
burgh study is surprising and may, in part, reflect a 
relatively short (3-month) period of observation. It 
does, however, emphasize that hemorrhagic endovas- 
culitis is not simply a retrogressive change after fetal 
death and cessation of fetal circulation. 

MPTR case-control studies have shown an association 
between placental hemorrhagic endovasculitis and neu- 
rologic handicaps in infants born alive and evaluated 
at 5 years of age.* Shen-Schwarz et al. described neu- 
rologic handicaps in one of the 15 infants with placental 
hemorrhagic endovasculitis. They stated that no long- 
term morbidity was found in the other 12 infants; how- 
ever, the methods for clinical assessment of these chil- 
dren were not included in the article. 

C. Maureen Sander, MD 


Placental Tissue Registry, Department of Pathology, Michigan State 
University, East Lansing, MI 48824 
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Response declined 


A modified freehand ultrasonographically guided 
technique in transabdominal chorionic 
villus sampling 


To the Editors: We read with great interest the article of 
Hill and Laifer (Hill L, Laifer S. Transabdominal cho- 
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rionic villus sampling: a modified freehand ultrason- 
ographically guided technique. AM J OBSTET GYNECOL 
1992;166:512). We confirm the usefulness of the piece 
of extension tubing between the needle and the syringe, 
because since 1988'* 2800 early and late chorionic villus 
sampling (CVS) procedures have been performed. in 
our center by transabdominal route by using a 20-gauge 
needle connected to the syringe with extension tubing 
similar to that used by Hill and Laifer. The piece of 
extension tubing enables the operator to handle the 
probe with the left hand (Kreitz Combison 320; sec- 
torial time probe 3.5 MHz) and the needle with the 
right hand, which allows a combination of simultaneous 
up and down-—rotating movements while aspiratior: is 
carried out by an assistant. To improve the global sac- 
cess rate and obtain adequate sampling principally in 
late CVS for rapid karyotyping or in early CVS zor 
deoxyribonucleic acid studies, we emphasize several 
points: 

First, whatever the term of the pregnancy, it is better 
to rinse the entire sampling system (needle, extension 
tubing, syringe) with heparin diluted at 10% before the 
procedure is begun.’ The villi are clear without coag- 
ulum. Chromosomal and deoxyribonucleic acid anal- 
ysis techniques are the easiest. 

Second, the amount of material collected is directly 
related to the amplitude of the up-and-down move- 
ment. Indeed, when the placenta is thin the amplitude 
of the needle’s movement is small, and it is always cif- 
ficult to obtain an adequate amount of tissue. Therefore 
we must seek the best angle tc achieve the greatest 
needle amplitude within the placenta. 

Third, in addition to the amplitude, the forward and 
backward speed of the movement enables an increase 
of the sampling amount. The difficulty lies herein: the 
needle must be moved in the same plane to avoid caus- 
ing a hematoma or an amniotic fluid leak, particulazly 
when the needle passes througa the amniotic mem- 
brane when the placenta is in a posterior site. 

Taking these parameters into account, the global suc- 
cess rate in our center is close to 100%, with one or two 
insertions in 91% and 9%, respectively. 

The repeated use of the plunger combined with the 
up-and-down movement of the needle might reduce 
the rate of tests with two inserticns. 

R. Saura, MD, J. Horovilz, MD, L. Taine, MD, 
D. Roux, MD, C. Hocke, MD, B. Maugey, MD, 
and A. Vergnaud, MD 


Paa of Prenatal Diagnosis, Pellegrin Maternity, 33076 
Bordeaux, France 


REFERENCES 


l. Saura R, Longy M, Horovitz J, Vergnaud A, Grison O. 
Direct chromoscme analysis in the second and third trimes- 
ter. Br J Obstet Gynaecol 1989;9€:1215-8. 

.2. Saura R, Grison O, Horovitz J, Longy M, Maugey B, Verg- 
naud A. Timing of transabdominal chorionic villus sam- 
©- pling. Lancet 1$90;336:1385. 

3. Saura R, Horovitz J, Spalova I, Grison O, Taine L, Maugev 
B. Evaluation of chorion villus sampling. Lancet 
1991;338:449. 

4. Saura R, Horovitz J, Longy M, Grison O, Vergnaud A. 


November 1992 
Am J Obstet Gynecol 


Concerning the feasibility of placenta biopsy tn the second 
trimester for fetal diagrosis. AM J OBSTET GYNECOL 
1990; 162:1362-3. 
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Pro-life people oppose violence 

To the Editors: As President of the National Right to Life 
Committee during the 1980s, I was the spokesperson 
responding to violence against abortion clinics. No one 
did more than I in condemning such violence. I faced 
more cameras and microphones than J can remember. 

Understanding the above, I would like to make sev- 
eral comments about the article by Grimes et al. 
(Grimes DA, Forrest JD, Xirkman AL, Radford B. An 
epidemic of antiabortion violence in the United States. 
Am J Ossrer Gynecor 1991;165:1263-8). 

Most important is the impression left with readers 
that this violence was perpetrated by pro-life activists. 
Whereas this may seem logical enough, and certainly 
was true in many cases, it was often not true. We were 
made aware of quite a few zases of “self-induced” arson, 
for the purpose of collecting insurance, by failing “busi- 
ness” enterprises doing abortions. To make a specific 
charge would of course involve extensive legal activities, 
in which we could not afford to become involved. 
However, there was no question in our minds that a 
number of such instances were self-inflicted. 

There were several instances of obvious violence in- 
flicted by those immediately and directly injured by an 
abortion (e.g., a husband, totally frustrated in his in- 
ability to protect the life of the child he had fathered in 
his wife’s womb, who lashed out in an irrational and 
violent fashion with a can of gasoline and burned out a 
clinic). 

There were instances involving people who later were 
committed to institutions because of mental illnesses; 
they were not part of the vro-life movement. 

Several were clearly mocivated by personal religious 
beliefs and felt that God had led them to their actions. 

There was at least one clinic that we strongly sus- 
pected was burned out by z competitor in the same city. 

I have made the statement frequently, and I will say it 
again: if I were an absolute pro-abortion zealot, with 
absolutely no conscience, and wanted to do something 
to hurt the pro-life movement, I’d firebomb an abortion 
clinic. Please understand that nothing has hurt our 
movement more than this type of violence. Undoubt- 
edly, some of this has been done by people with deep- 
seated pro-life convictions. It is Just as true, however, 
that not a single one who has been convicted was a 
leader in the pro-life movement. Every one of them, at 
best, had to be considered fringe to the movement. 

In closing, then, all of these firebombings were not 
“antiabortion” violence. None of them were, as Grimes 
et al. stated, “health care providers.” Almost without 
exception they were centers limited to the killing of 
unborn babies. To call them “health care centers” is 
pro-abortion rhetoric of the most biased order. 
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I certainly share with Grimes et al. a sense of relief 
that this type of mindless violence has sharply de- 
creased and is almost nonexistent at this time. My 
advice to pro-life people has always been that the true 
violence is occurring inside of those closed doors, where 
tiny lives are violently snuffed out. No one has ever 
successfully stopped violence by more violence. We are 
people of peace, here to stop violence, the violence that 
daily kills more than 4000 innocents. No true pro-life 
person should ever resort to “their” methods. We, as 
pro-lifers, condemn all violence. 

: J.C. Willke, MD 
1721 W. Galbraith Road, Cincinnati, OH 45239 


Reply 
To the Editors: Willke has misrepresented our article and 
attacked abortion providers by innuendo. Nowhere in 
our report did we assert that violence was committed by 
“pro-lifé” activists. Instead, we used the descriptive 
term “anti-abortion” activists throughout. 

Willke claims that he is aware of “quite a few cases” of 
self-induced’ arson,” apparently in an attempt to 
commit insurance fraud. This is a serious allegation. If 
he has such evidence, we believe he should report this 
to appropriate local law enforcement officials or to the 
U.S. Bureau of Alcohol, Tobacco, and Firearms. If not, 
we believe he should not make potentially libelous 
allegations. 

Since 1982 the Bureau of Alcohol, Tobacco, and 
Firearms has investigated 99 incidents of arson or 
bombing at abortion clinics or related facilities. A total 
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of 43 adults and 5 juveniles have been arrested. As of 
March 5, 1992, 41 adults and 1 juvenile have been 
convicted. The bureau reports that all mdividuals con- 
victed were vocally and visibly anti-abortion. In addi- 
tion, the bureau has never arrested a clinic owner, 
operator, or staff member in connection with the bomb- 
ing or arson of an abortion clinic. 

Willke denies that abortion providers are “health 
care providers.” Provision ‘of abortion services is health 
care—care that has drastically reduced maternal mor-. 
bidity and mortality across the nation. Abortion provid- 
ers offer many medical services to women requesting 
abortion (and to other women), including contraceptive 
care, general gynecologic care, treatment of sexually 
transmitted diseases, infertility services, female steriliza- 
tion, testing for infection -with human immunodefi- 
clency virus, obstetric care, general medical care, and 
nongynecologic surgery.’ 

Contrary to Willke’s assertion, anti-abortion violence 
is not “almost nonexistent at this time.” Regrettably, 
since the end of the study period in our article, the 
epidemic of violence against abortion providers has 
recurred, = 
David A. Grimes, MD, Jacqueline D. Forrest, PhD, and 

Barbara Radford, MA 
Department of Obstetrics and Gynecology, University of Southern 


California School of Medicine, Women’s Hospital, 1240 North 
Mission Road, Los Angeles, CA 90033 


REFERENCE 


1, Henshaw SK. The accessibility of abortion services in the 
United States. Fam Plann Perspect 1991;23:246-52. 


’ ITEMS 





Announcements of major meetings and other significant activities must be 
received at least 8 weeks before the desired month of publication. All an- 
nouncements carry a charge of $60.00 U.S. per insertion and the fee must 
accompany zhe request to publish. Information will be limited to title of 
meeting, daze, place, and.an address to obtain further information. Send 
announcements and payment, payable to this JOURNAL, to Kay G. Goehler, 
Senior Manuscript Editor, Journal Editing, Mosby—Year Book, Inc., 11830 
Westline Incustrial Drive, St. Louis, MO 63146-3318. 


- 1992-1993 Medical-Legal Update: “AIDS, Medicare, 


OSHA, and Malpractice,” every week, year 
round, in 28 resort-based classrooms. Credit: 
Category 1. For information contact: Ameri- 
can Educational Institute, Inc./American In- 
stitute of Medical Law, 401 S. Woodward, Suite 
333, Birmingham, MI 48009. Tel.: 1 (&00) 
354-3507; fax: 1 (313) 433-0615. 


High-Risk Obstetrics, March 22-25, 1993, The Cois- 


ter, Sea Island, Georgia. Sponsored by The 
National Center for Advanced Medical Edu- 
cation (formerly The Cook County Graduate 
School of Medicine). Coordinator: M. LeRoy 
Sprang, MD. Hours: 21 AMA Category 1. For 
additional information, write our Registracion 
Office, 707 South Wood St., Chicago, IL 
60612, or call toll-free at any time: 1 (800) 621- 
4651. | 


16th Annual Gold Coast OB/GYN Conference: Office 
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to OR: “State-of-the-Art OB/GYN,” V/est 
Palm Beach, Florida, February 8-10, 1993. 
The ccurse is sponsored by Good Samaritan 
Medical Center of West Palm Beach, Flor.da, 


` and approved for 10.0 credit hours in Cate- 


gory I. The course is also approved for 10.0 
Cognates, Formal Learning, by The American 
College of Obstetricians and Gynecolog:sts. 
For more information contact: Laura J. Keech, 
CME Coordinator, P.O. Box 3166, West Palm 
Beach, FL 33402. Tel.: (407) 650-6236. 


Bound volumes available to subscribers 


Courses sponsored by Temple University School of 


Medicine. For further information contact: 
Reece Pierce, American Medical Seminars, 
Inc., P.O. Box 6214, Sarasota, FL 34278. Tel.: 
(813) 388-1766. 


November 30—December 4, 1992, Update and 
Review of Sexually Transmitted Diseases, 
Sarasota, Florida i 

December 28-32, 1992, Update In Infectious 
Diseases, Sarasota, Florida 

March 15-18, 1993, Infectious Diseases Up- 
date, Sarasota, Florida 


_ April 5-9, 1993, Office Gynecology, Sarasota, 


Florida 


Advanced Diagnostic and Therapeutic Techniques in 


Obstetrics and Gynecology: A Hands-on 
Seminar, Marck. 17-20, 1993, Hyatt Regency, 
Beaver Creek, Colorado. Sponsored by The 
National Center for Advanced Medical Edu- 
cation (formerly The Cook County Graduate 
School of Medicine). Coordinator: Bruce 
Rosenzweig, MD. Hours: Approximately 21 
AMA Category 1. For additional information, 


write our Registration Office, 707 South Wood 


St.; Chicago, IL 60612, or call toll-free at any 
time: 1 (800) 621-4651. 


Bound volumes of the AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY are avall- 
able to subscribers (only) for the 1992 issues from the Publisher, at a cost of $68.00 for 
domestic, $95.76 for Canada, and $91.00 for international for Vol. 166 (January-June) 
and Vol. 167 (July-December). Shipping charges are included. Each bound volume contains 
a subject and author index and all advertising is removed. Copies are shipped within 60 


days after publication of the last issue in the volume. The binding 1s durable buckram with 
the JOURNAL name, volume number, and year stamped in gold on the spine. Payment must 
accompany all orders. Contact Mosby— Year Book, Inc., Subscription Services, 11830 Westline 
Industrial Drive, St. Louis, MO 63146-3318, USA; phone (800) 325-4177, ext. 4351, or 
(314) 453-4351. ` 

Subscriptions must be in force to qualify. Bound volumes are not available in place 
of a regular JOURNAL subscription. 
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THE AGA KHAN UNIVERSITY 


Faculty of Health Sciences 
Medical College 


The Aga Khan University (AKU), located in Karachi, Pakistan is searching for an individual to fill the position of Professor 
and Chairperson, Department of Obstetrics and Gynaecology. The Aga Khan University was chartered in 1983 as the first 
Private University in Pakistan. The University was conceived by His Highness, The Aga Khan to be the focal point of the . 
Aga Khan Health Network which provides primary health care services to both rural and urban populations in Pakistan, 
India, Bangladesh, Kenya and Tanzania. The Aga Khan University Hospital (AKUH) is the principal teaching centre for 
AKU. It is a modern facility, currently operating 370 beds with plans for consistent growth in future years. 


The Department consists of 5 full-time Faculty, 10 Honorary Faculty and 17 Interns and Residents, 14 Medical Students 
at any given time are doing their clerkship in the Department. Residency training programmes are accredited by the 
College of Physicians and Surgeons Pakistan and Royal College of Obstetricians and Gynaecologists in the U.K. 


1800 deliveries and 1200 gynaecology operations are performed by the Department each year. Facilities are available for 
fetal monitoring, ultrasound, CT scanning, urodynamics, gynaecological endoscopy and colposcopy. A Neonatal 
Intensive Care Unit consisting of 5 basinettes exists at the Hospital. 


Applications are invited from highly committed professionals for the key position of : 


PROFESSOR AND CHAIRPERSON, OBSTETRICS AND GYNAECOLOGY 


The individual filling this senior position will be responsible to provide dynamic academic leadership in the 
administration of the Department of Obstetrics and Gynaecology. The candidate must have suitable postgraduate 
qualifications in the related field. Achievements in research and experience in teaching and administration at a senior 
level is necessary. 


Salary and benefits will be offered commensurate with qualifications, experience and level of responsibility. If you are 
seeking professional growth and an interesting work environment, please send your detailed résumé, bibliography and 
names of at least three referees familiar with recent work history to the Personnel Manager, The Aga Khan University, 
P. O. Box 3500, Stadium Road, Karachi-74800, Pakistan. 


New England’s largest health care system is about to give birth to several great 
opportunities. As a result of these exciting developments, excellent positions exist in 
group practices for BC/BE OB/GYNs. Academic appointments available. 


New State-of-the-Art Women’s Health Care Center 


¢ Combines OB/GYN programs of St. Margaret’s, a renowned regional perinatal 
referral center, and St. Elizabeth’s, an acclaimed 350-bed university medical center 

¢ Major teaching institution affiliated with Tufts University School of Medicine 

Become part of the nation’s preeminent medical community looking for OB/GYN 
to join strong, five-physician practice in Boston area 


Prominent Acute Care Facility Completing 
Major Redesign of Maternity Unit 


+ Join new, currently forming, three-physician practice in desirable town of Andover in 
picturesque Merrimack Valley 30 miles north of Boston 

¢ Less than an hour to the mountains and the ocean 

è Enjoy suburban New England lifestyle in one of area’s most sought after communities 


Above average compensation, including salary, bonus and benefits. Equity position and 
investment opportunities available. 





OBSTETRICIANGGYNECOLOGIST. 


Rapidly growing | independent multi- -` 


specialty group with a large referral 


base seeks BC/BE OB-GYN to estab-. ` 


lish and expand a: presence in’ the: 


group. Very competitive benefits. fol-... 


lowed by an- opportunity. for equity. 


ownership. Excellent schools ‘and di-. 
verse . recreational and . Cultural: « 


amenities. Send: Curriculum Vitae in. 
complete confidence to: 


_ John Storm g 
51 North 12th Street ` 
Kansas City, KS 661 02° 
= | (913) 281-7775 l 
FAX (913) 281-8494 


OBSTETRICIANS AND GYNECOLOGISTS 


' Illinois 


H OB/GYN Physicians needed: to join Carli Clinic 


Association, a 225 physician, multi-specialty group 


practice in central Illinois with opportunities at the; 


‘main campus as well as three additional sites - 


Urbana, ` Bloomington, Danville... and: 


Mattoon/Charleston. *. These, communities offer 
recreational, cultural and educational 'amèñities. 
Benefit package includes a competitive salary with 


partnership and income sharing plan after two’ 
years, professional liability insurance, health, life. 


and disability insurance and. ‘generous vacation and 
_ meeting time. Contact: cae 
2's Robert C. Parker, Jr., MD 
S 3 Medical Director = ° 
Carle Clinic Association: . 
602 W. University, Urbana, Illinois 61801 ` 
Phone 217-383-3399 - Fax 217-383-3163 .. 


GENERAL OBSTETRICIAN | 
AND GYNECOLOGIST — 


| : A position is ‘available in the beautiful, historic. 


coastal city of Wilmington, NC for a faculty position | 
in Obstetrics and Gynecology: Primary respon- . 


_ §Sibilities are: directed toward the training of resi- 
-dents in an independent, fully accredited Obstetrics . 

{< and Gynecology Program at-New Hanover Reg- 
|. . ional Medical Center, a 500 bed tertiary center: 


setving Southeastern North Carolina. The selected 
candidate will join four other full-time faculty. There 
are significant opportunities to pursue academic; 


... research and clinical interests. These special in- 

.terests and/or experience in operative laparoscopy 

' sls desirable: Successful candidate will be eligible. 

_ . for a tenurė track or clinical track appointment at , 
“of. ethe University of North Carolina School of Medi- ` 


cine. Applicants should be Board Certified or Board 


: Eligible in Obstetrics and Gynecology. Please sub-’ | 


mit Curriculum Vitae and references to: 
_ > Herbert J..-Schmidt, M.D. 
Chairman, Search. Committee in Ob/Gyn _- 
an ' Coastal AHEC 
'< P.O. Box 9025 Sa 
2131 South 17th Street 
“Wilmington, NC 28402-9025 


The University of North Carolina at Chapel Hill is ` 
an Affirmative Action/Equal Opportunity Employer. 


„Woren, and minorities are encouraged to apply. 


Ss Columbia 
? University 


“The Department of Ob/Gyn at Harlem - 


| Hospital Center, an affiliate of Columbia 
*- f° University has opportunities for full time 


generalists and an endocrinologist, interest- 


ed in-teaching and.service in both out- - 
_, patient and ambulatory care settings. 
. Applicants:must be board certified or board 


eligible i in Ob/Gyn. Applicants for the - 


=. endocrine position must have completed 2 a. 


fellowship training. 


E Faculty appointments will be at the level of 


Instructor, Asst. Clinical Professor or 
Associate Clinical Professor commensurate 


2 with. qualifications. Professionals interested | 
-in these positions should send CV to: Dr. 


Sterling B. Williams, Director of Ob/Gyn, — | 
Harlem Hospital Center, 506 Lenox Avenue,. 
New York, New York 10037. 


Pregnancy termination services are e provid- 


l _ ed in this department. 


We take affirmative action to ensure equal. 


È npportanity. | 





“Richmond, VA 
. OB/GYN | 


This a attractive practice: opportunity is ` 


now available with a small, SUCCEeSS-. . 
ful group. affiliated with a.428 bed- per. 

mier hospital: Situated just‘ ninety mi- ` 

nutes from Washington, D.C., the Blue . 

‘Ridge, mountains, and the Atlantic - 

Ocean, ‘the city of Richmond enjoys a 

mild; four season climate and is the . 

state capital. Compensation is com-. 

‘petitive; partnership. available. nor 

more information, contact: 


J7, Sandy Cundiff 
; the Paxton Group: 
| 1-800-683- 0259 | 


i -or'fax your C. V. to: 
| 1 -804-626- 0651 
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Dartmouth-Hitchcock Medical 


` 
* GF. 


Depaimani of Obstetrics and ahe 


The Dartmouth-Hitchcock Medical Center is seeking a chai 

for the newly created Department of Obstetrics and Gyneco y 
This position is the result of the separation of Pediatrics and 
Obstetrics and Gynecology from what was the Department of 
Maternal and Child H 
the experience and qualifications necessary to lead the Depart: 
ment in its clinical, educational and academic endeavors. 
addition, the delivery, of health care to the northem New England 
region is a priority of the Center and continued integration and 


expansion of the established health care network as it relates to ` a 


women’s health issues will be an imponan component of the - 
Department's activities.: 


ae Dartmouth- Hitchcock Medical Center, which i is now one year 
is located on a 200 acre campus; two miles from Dartmouth’ 

rth and is a central institution for pray care in 

northern New England. . 


The Dartmouth-Hitchcock Medical Centar i is ; committed to. 
Affirmative Action-and is especially interested i in ie 
qualified female or minority candidates. - 


interested farsans should send their curriculum vitae to: : 
D. David Glass, M.D., Chair, Ob/Gyn Search Committee, 


Department of Anesthesiology, aru HNeNcask Medical D 


Center, Lebanon, New Hampshira 03756, 


< Mlin. : Dartmoith-Hitcheock $ 7 | 
ddr. ‘Medical Center ic. _ ; 
: a The Hitchcock Clinic = 

Lebanon, New Hampshire 


. The successful candidate a have ` ` 


` Box 70,569 ` 


l A Memper ot The Detroit Medical Center 


ae _ OB/GYN - 
PRACTICE OPPORTUNITY 


Subürban. Detroit multi-specialty group practice | 

comprised of over 100 physicians i is currently seek- `- 

ing two. board certified ae s to join our prac- | 
tice. — 4 | 


The group: offers the PE to practice quality 


* medicine in a.multi-specialty setting backed by the - 


outstanding resources ‘of seven leading hospitals 


of the Detroit Medical Center and the Academic 
- Health: Center of Wayne State University. 


~ Our practice sites are located in some of the fastest 


growing affluent communities in Oakland County, 


as Offering an excellent balance between fee-for-ser- 


vice and managed care patients. 


. A competitive income guarantee, sign-on bonus 
. and outstanding benefits package neuong, mal- 
! practice’ insurance is available. 


For more-information on this.excellent opportunity e 


+ please. send of fax CV to Marjorie Yedlin, DMC 
: -Health Care Centers, 41935 W. 12 Mile Rd., Novi, . 
: Michigan 48377-9901, (313) gar Baoe fax; (313) an 


Seli 





-FACULTY / POSITIONS 


* MATERNAL/FETAL MEDICINE 
C” SUBSPECIALIST 
” GYNECOLOGIC ONCOLOGIST 
REPRODUCTIVE ENDOCRINOLOGIST 


The James H. Quillen College of Medicine of East Ten- 


` nessee' State University offers an excellent opportunity 


to physicians of these specialties who are Board Certified :' 


-or Board Eligible.: This opportunity offers both tangible . — 
| and intangible benefits sometimes not found in larger 


Cities. -Qur ernphasis is on excellence in service to pa- 
tients, education, and research. These faculty positions, 


= both tenure track and grant-supported, are.at open rank 
and offer very competitive salaries and excellent fringe - 


benefits, The Gynecologic Oncologist position is funded 


by an outside source. The Tri-Cities area boasts of good 

schools and suburban living in beautiful Northeast Ten- . 

. nessee ‘with easy access to various cultural activities. 

_ Qur outdoor sports include all water sports, snow skiing, 

‘ . ‘the Appalachian Trail; and numerous scenic attractions. - . . 
Our medical referral base consists of 1.3 million people ` 

. Within’ a‘50 mile radius. Send curriculum vitae to: = 


os - Frederick R. Jelovsek, M.D. 


Professor -and Chairman, 
Dept. of OB/GYN - 


James H. Quillen, >° ° | 

College of Medicine; ~ ° ` E T ETS 
East’ Tenñessee State Universtiy 2 
= East Tentiessee Slate University Tennessee State University ` 


Johnson City, TN 37614-0569 
l ETSU' isan ANEO employer. 








OB- GYN Physicians 






tive in donor and. husband insemination; 
Opportunity to develop in Vitro. and Gift 









Neonatologists. 






~:MN,isa tri-college community of 130,000.. 







available year, around. 






_ spond to Kathleen McKittrick Toft, Direc- 
tor, Physician Recruitment, 737 Broad- 










~ 4010, Ext. 2151 | 


E __PERINATOLOGY - 
- Chief of Obstetrics ` 


` -Excellent opportunity fora BE/BC Mater- 


ii nal-Fetal Medicine Specialist to provide: leadership : 


-atan outstanding private. teaching hospital in 


- Cleveland, Ohio. The position includes teaching, . - 


diagnostics and consultation; private practice 
` component. Faculty appointment at 4 major. . 
“University and research facilities available. 
Exceptional staff and administrative 
support. New Fetal Diagnostic Center. Highly -> 


competitive compensation package. - 
Cleveland is a world class.city located on- . 
beautiful Lake Erie. Sailing, fishing, professional 
sports, outstanding arts and cultural-activities,, — - 
many colleges and universities,. great restaurants. ` 
© = For information, call and/or send CV to: 


Rob > Gamage, Consultant, 800-633-6832 | 


S2FOCUS: 
eal care’ 


129X. Adams St. « Louisville, KY 40206 ` 


tti 





Large. multispecialty. group. | is: seeking to. | 
_ add BC/BE Obstetrician-Gynecologists to 
its current staff of five. Department is ac- . 


Programs.available. =» . 


Fargo’ Clinic MeritCare i is located next to l 
‘St. Luke’s Hospitals; a.400 bed tertiary | 
care & trauma. ‘center. ‘St. ‘Luke’s is a: 
NACHRI designated Children’s Hospital’. 
-with a level lll ICN staffed with four BC : 


` Fargo, ND, and. its sister city of Moorhead, 


Exceptional opportunities for cultural, rec- - 
reational, ‘sporting ‘or hunting activities 


‘Competitive compensatory package. Re- 


way, Fargo, ND 58123 or call 1-800-437- 





J “The Gerde: Washington University, . bene i 


ment of Obstetrics and Gynecology is recruiting : 


B -a full-time Obstetrician-Gynecologist. 


Responsibilities of this position include ambulat- | | 


“sory and inpatient case management, participa- 


tion in teaching activities at the graduate and - 
undergraduate levels, development and/or par- . 
; ticipation i in research activities; and involvement - 
in University and Hospital Committees. Special — 
: expertise in intra-abdominal laser and pene 


“- copy desirable. 
= Candidates should be board ceeriified or an ac- 
tive candidate in’ General Obstetrics’ and 


Gynecology. The successful candidate will re- 
ceive an academic appointment commensurate . 
< with RE ae me benefits pack- 
age.. 3 
. Send CV. io: 
John W. Larsen, M.D. 

- Department of Obstetrics and. Gynecology 3 
| George Washingtcn University Medical Center | .. 
2150 Pennsylvania Avenue, NW 
Washington, DC 20037 
_ Review of applications will begin November 1, _ 
~ 1992 and continue until the position is filled. The . 
George Washingtan University is an-Equal Op- . 

pont o Action Employer. 
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The Departriant of OB/GYN of Lehigh e Hospital, an 830- 


bed tertiary ‘care teaching hospital, is seeking additional full- 
time senior and junior clinical faculty in all subspecialties 


. including reproductive endocrinology, gynecologic oncology, 
- urogynecology, adolescent gynecology and maternal-fetal 
_ medicine. Also. seeking a Chief of Women's Healthcare 
’ Program. The physicians roles will include consultative patient 
‘care, medical leadership, program development, student and 


resident education and research as desired. The opportunity 
exists to: customize the role to your particular career goals. . 
Candidates should be board certified or active candidates for. 


certification in: their subspecialty. 


Lehigh Valley Hospital is a regional referral medical center 
which serves as. a clinical campus of Hahnemann University 
for.-student education and maintains a free- -standing, fully- ' 


|- accredited OB/GYN residency program. 
|: Allentown, Pennsylvania is a cosmopolitan city, 60 miles north 


of Philadelphia and 80 rriles west of New York City. The area’ 
has excellent.school -systems, nine colleges and universities 


-and diverse-cultural offerings. An excellent compensation 
-|7 package has been designed to recruit qualified candidates. 
l P Gase send c.v. to: ' 


Carol Voorhees ` 
Vice President 
Lehigh Valley Hospital - 
1243 S. Cedar Crest Blvd. 
Suite 3120 

- Allentown, PA 18103 
or call (215) 402-3090 — 


sae Equal Opportunity Employer 





© CHAIRMAN | 
DEPARTMENT OF 

_ OBSTETRICS © | 
AND GYNECOLOGY. 


Indiana University seeks candidates for 


the tenure-track position of Professor and . 


: Chairman of the Department of Obstetrics 
and Gynecology. Candidates must be 
Board Certified Obstetricians/Gynecolo- 
gists and experienced in medical educa- 
tion, research, and administration. Send 
curriculum vitae and references to: 


Charles M. Clark, Jr., M.D. 
; Chairman 
Search and Screen Committee 
Indiana University School of Medicine 
Fesler Hall 302 © 
~ 1120 South Drive 
Indianapolis, Indiana 46202-5114 


Indiana University is an Affirmative Ac-.. 
tion/Equal Opportunity Employer, M/F. 


OB/GYN RESIDENCY 
PROGRAM COORDINATOR 


. Highly respected, Yale affiliated Sanne 
teaching hospital, with a 45-year-old OB/GYN 
Residency Program, seeks Residency Program 
Coordinator. New position is being created in 
this very successful community teaching pro- 
‘gram for the coordination of educational pro- 
grams for OB/GYN residents. Enjoy set day 
hours with no evening or weekend call, while 


devoting full-time energies to teaching residents ` 


and developing formal programs of education 
for .residents. Financial package includes 
$150,000 base salary plus additional monies for 


optional evening and weekend call. This. 655- ` 


' bed tertiary care teaching hospital, located in 
coastal, southern New England, will provide 
state-of-the-art facilities and collegial ‘medical 
staff. Send CV or call: | 


TOM LOMBARDI 
JACKSON AND COKER, INC.” 
115 Perimeter Center Place 
_ Suite 380 (12490) 

Atlanta, GA 30346 





«1-800-544-1987 -© J ACKSON - 


` ANDCOKER 


y 7 KAISER PERMANENTE 
Southern California Permanente 
Medical Group 


Li OGIC ONCOLOGIST 
San Diego, California 


Join our integrated regional GYN Oncology Service. Based at 
our Kaiser Permanente Medical Center in San Diego, you 


‘ will be amember of our large, full-scope OB/GYN Department 


and be part-of an i tertiary care GYN a 
Service. . 


Working i in concert with our GYN Oncologists located at our 
tertiary care center in Los Angeles, this position will provide: 


- @ Large, centralized database for clinical research 


è Wide range of ovarian, cervix and vulva tumor cases 

è Complicated benign gynecological cases . 

è Opportunity to sérve as a consultant to Kaiser Permanente 
Medical Centers in Southern California. 


.For more information, send your CV to: 
Irwin P. Goldstein, M.D., Associate Medical Director 
SCPMG, Kaiser Permanente, Dept. 006 
Walnut Center, Pasadena, CA 91188-8013 


1-800-541-7946 
PARTNERS 


In Practice 


Board-eligible or Board certified GYN On- 
` cologist to serve as Assistant Director of 


busy gynecologic oncology division. Will 
hold Harvard faculty appointment com- 
mensurate with training and experience. 


Position requires provision of patient care 


on a busy service; teaching of medical 
students, residents and fellows and par- 
ticipation in research. Please send cur- 
riculum vitae to: 


Dr. Isaac Schiff 
S “Chief : 
Vincent Memorial Gynecology Service 
Massachusetts General Hosptial 
_- Fruit Street 
‘Boston, MA 02114 - 


Massachusetts General Hospital is an 


-equal.opportunity employer. _ 





























. academic mission, the’ Department is seeking full-. 
‘time He at the Assistant/Associate professor 
Tevel in: 


` Mount Sinai is a full service. tertiary. care facility 

with State designated Level JI! nursery. Excellent. 
“’ @pportunities. exist for individuals interested in 
teaching; Clinical care; and research. Salary will, ° 
-be commensurate with training, and experience. . 
Interested individuals should ser C.V. to:. 


B An Equal OpportuntyiAstemedive Aton Empel 


AGA 


o MEDIGROUP CENTRAL. ayhid-alzs staff ` 
-model HMO and subsidiary of Blue Cross ~ 
- and. Blue Shield, located in. central me = 


Jersey, is seeking. 


. OB/GYN PHYSICIAN | 


Convenient to both Philadelphia and New 7 
<: York, MEDIGROUP CENTRAL offers an 
| excellent salary.and full range of c company 
. . paid benefits. If you are interested i in pro- 
_ viding primary care services in:a man- 


aged care environment,. please submit 


your. CV: .or: telephone: : Dr: Seymour.. 
; paii Medical Director: a 





EDIGROUP 


Central HMO 


M6: Bellevue Avene 
Trenton, New Jersey 0864 8 
i (609) 396- D 
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MOUNT SINAI HOSPITAL MEDICAL ENTER: 


CHICAGO, ILLINOIS 


_ DEPARTMENT OF OBSTETRICS’ 
se AND GYNECOLOGY: . 
"the CHICAGO MEDICAL SCHOOL . 


As pan ofa major expansion of our élinical. e 


1) Maternal- Fetal Medičińé 
. 2) Reproductive Endocrinology 
ee 3) Gynecologic Oncology, 


`- Robert Stépto, M. D., PHD. 
_, Professor and Ghariman 
Pepa of Obstetrics and Gynecology . 
P Room F208 : 
Mount Sinai Hospital Medical Center” 
California Avenue at 15th Street 
Chicago, Illinois 60508 











|.: © FACULTY POSITION | 
, - DEPT. OF OBSTETRICS AND GYNECOLOGY - 


The Obstetrics and Gynecology. Residency Trainin 
Program at Oakwood Fospital is searching for addition 

. faculty for its.16 postion, fully-accredited program. 

_ Responsibilities will include resident and student teaching . 
in both an ambulatory and inpatient setting, clinical research, 
private practice opportunity and limited educational admin- 

_ istration. The successiul candidate will be a clinically 
oriented, BC/BE general OB/GYN with a demonstrated 

. commitment to academis medicine. 


-‘ Oakwood Hospital'is a 615-bed acute tertiary care institu- 
tion and serves as the.centerpiece of a 1,900 bed healthcare 
system in southeastern Michigan. The hospital has.a center 

of excellence in Women and Children’s care, which includes. 
a level lll neonatal intensive care unit. The residency 

F program has six full-time faculty as well as certified , 
. sub-specialist in Maternal-Fetal Medicine, Reproductive 
_ Endocrinology, and Gynecologic Oncology. A psychiatrist 
and behavioral scientist also support the program.. 


A competitive salary, benefit package and incentive - | 
_ program are offered, as are numerous See: for, 
. personal professional development. 


For more information regarding. this position “contact: 

Oakwood id bbe Services, 10501 Telegraph Road, 

Suite L030, Taylor, MI! 48180-3329; 800-222-0154 or 

‘fT (313) 292-2500; FAX (313). 292-2628. Equal Opportunity 
Employer. ol _ 


WA Oakwood Hospital 


A Subsidiary o* Oakwood Health Services 





FACULTY POSITION | 
General Obstetrics & Gynecology 


‘The Departmenit of f Obstetrics & rise ee 
at the Ohio State. University College. of Medicine. 
_ ds seeking a board-certified or bóard- 
eligibile physician in General Obstetrics &- 
.Gynecology with specific expertise in 
_ urogynecology and pelvic surgery. . 
| This is a faculty position at the rank of 
Assistant to Associate Professor. 
„An excellent Opportunity exists for research, 
TEAC MINE ang clinical practice. 


Send E E vitae and/or Contact 
Steven, G. Gabbe, M. D. (F TOLCSSOr and. Chairman 
or 


‘Moon H. Kim, M. D.. “Poasi T Vice- chairman 


Department of Obstetrics and Gynecology © 
Ohio State University Hospitals 
505 Means Hall, 1654 Upham Drive. 
- Columbus, OH . 43210. | 
Telephone: Seg 293- 8697. 





AN 


Department of 

_ . Obstetrics and Gynecology — 
a Ramsey Clinic | 

_ St. Paul-Ramsey Medical Center 


St. Paul-Ramsey Medical Center, a major affiliate’ of the Univer- 
sity of Minnesota, is inviting applications for the position of Chair 
for the Department of Obstetrics and Gynecology. St. Paul- - 
Ramsey Medical Center is a 427-bed non-profit hospital located 
near the heart of downtown St. Paul. The physicians at the 


CHAIR- 


+ 


- medical center are members of Ramsey Clinic, a 250-physician, - 


multi-specialty group. 


. The successful candidate must be board certified in obstetrics 


and gynecology, possess the leadership ability to skillfully admin- 
ister the Department, and to lead faculty and residents in service, 
education and research. The potential for an integrated residency - 
program is a goal shared by St. Paul-Ramsey Medical Center and 
the University of Minnesota. . 


Candidates must qualify for appointment at the Professor or 


Associate Professor level at the University of Minnesota. Quali- 
fications for Professorship include a national reputation in research 
and evidence of leadership in candidate's professional field. 
Qualifications for Associate Professorship include professional 
distinction in research and writing, and demonstrated effective- 
ness in teaching and advising. Application deadline is December 
15, 1992. Kindly forward curriculum vitae to Paul Gleich, M.D., 
Chair, Search Committee, St. Paul-Ramsey Medical Center, 
640 Jackson Street, St. Paul, MN 55101-2595. 


' St. Paul-Ramsey Medical Canter, Ramsey Clinic and the Univer-. 


sity of Minnesota are equal opportunity educators and employers. 


: RAMSEY | 


OBSTETRICIAN’ _ 
GYNECOLOGIST 
Nothern California 


Associate practice opportunity. Located north ` 
of San Francisco in Wine Country. Abundant 
recreational activities with California’s largest 
natural lake as the center. of focus. Lake 
County offers a relaxed and health family life- 

. Style in a smog free moderate climate. Agricul- 
ture, geothermal energy and gold mining are 
important local industries and recognition is 
also being achieved by the growing commu- 
‘nity of artists. oo | 
Financial Assistance in establishing an OB- 
Gyn practice is welcomed and available. Send 
C.V. or call - 


Margaret Ward 
Director of Human Resources 
Redbud Community Hospital 
P.O. Box 6720 °°. 
' Clearlake, CA 95422 — 


Telephone: (707) 994-6486 





= Chicagoland Area 


© Several outstanding 
? -` OB/GYN opportunities 
available for BC/BE, OB/GYN physicians 
‘to join well-established practitioners, each 
_ currently delivering 250+ babies 
annually in midwest community, with ` 
_ service area of 260,000, approximately 
45 minutes from the Chicago Loop. 
- Affiliated-hospital has a Level II nursery 
delivering in excess of 1,800 babies annually: 
Competitive financial packages, including . 
-relocation, with firm coverage. 
„Send CV in confidence to: — 
| Liz Schwenke, Director, _ 
Physician Support Services 
Silver Cross. Hospital 
-1200 Maple Road 
Joliet, Illinois 60432 
` (815) 740-7093 | 
(815) 740-7925 (FAX) 


en | 
F gessie 


University of California, Los Angeles 
Division of Cardiothoracic Surgery — . 


General Thoracic Surgeon 


. The UCLA School of Medicine, Department of Surgery is seeking 


applicants for a full-time Tenured Faculty position for a Board 
certified general thoracic surgeon who also has lung transplant 


t 


experience. °°". 


‘In addition to proven clinical skills and research productivity, a 


commitment to teaching and the training of residents are _ 


"I. important requirements. ` 


The University of California is an equal opportunity affirmative 
action employer and all qualified applicants are encouraged to 


apply. 


j Please réspond with curriculum vitae and references to: 


Donald G. Mulder, M.D. 
UCLA School of Medicine 
"` Division of Cardiothoracic Surgery 
a 'B2-375 MDCC 
10833 Le Conte Avenue 
Los. Angeles, California 90024 ` 





DEPARTMENT OF 
OBSTETRICS AND GYNECOLOGY 


William C. Keettel, M.D. 
Professorship ` 
The Department of Obstetrics and Gynecology of 


The University of lowa College of Medicine is seek- 
ing to fill the William C. Keettel M.D. Professorship. 


`. This endowed M.D. chair honors the late Dr. Keet- 


tel. A one to three year appointment is envisioned. 
Duties include clinical care and resident and med- 


ical student education. We are seeking an indi- - 


vidual with a long record of distinguished scholar- 
ship, eligible for the academic rank of Professor, 
and Board certified in Obstetrics and Gynecology. 
Special expertise in an area of academic medicine 
is a desired qualification. Interested candidates 
should contact: 
Jennifer R. Nieby!, M. D. 
Professor and Head - | 
Department of Obstetrics and Gynecology 
University of lowa College of Medicine 
lowa City, IA 52242 


The University of lowa is an afirmative acction 
equal opportunity employer. Women and minorities 
ere encouraged to apply. 


FACULTY & FELLOWSHIP 
POSITIONS AVAILABLE IMMEDIATELY 
Reproductive Endocrinologist 
Gynecologist/Obstetrician | 
OB/GYN Infectious Disease 

f Gynecological Oncologist 
General Fellowship in Pelvic Surgery 


The Department of Gynecology and Obstetrics at the 
University of Kansas in Kansas City is expanding its 


full-time academic faculty from 12 positions to 15., 


Faculty applicants will participate in clinical practice 


activities and medical education in a 12 position resi-. 


dency program. Clinical and/or basic research oppor- 
tunities are available and encouraged. An opportunity 
for creative motivated individuals. Financial remuner- 
ation and incentives are commensurate with experi- 
ence, credentials and rank. BC or BE. Positions open 
until filled. Fellowship position, in the Gynecologic On- 


cology Division, is a 12 month program of post-resi- - 


dency training in advanced pelvic surgery. Areas of 
interest are oncologic procedures, pelvic reconstruc- 
tion, incontinence surgery and pelviscopy. 

Please send Curriculum Vitae to: 

Sebastian Faro, M.D., Ph.D., Chairman 
Department of Gynecology and Obstetrics 
KUMC, 39th & Rainbow 
Kansas City, Kansas, 66103 
(913) 588-6200 
“An Equal Opportunity/Affirmative Action Employer 





Fellowship in General 
Obstetrics and Gynecology 


A two-year interdisciplinary, clinically oriented 
program designed to prepare the physician to a) 


- practice and teach general Ob/Gyn as an expert 
and be a role model to physicians in training and to 


others in practice, b) assume a productive role in 


an academic department of obstetrics and 


gynecology in education, research and 
administration, c) expand the role of an academic 
department of Ob/Gyn with the community in the 
varied psychosocial aspects. of medicine and, d) 
develop an area af ‘expertise in which to pursue 
meaningful clinical research. 


The fellowship includes required courses in Health 

Economics, Management and Organization, — 
Epidemiology, Statistics, Medical Sociology, Field 
Research Methods, in addition to meaningful 
clinical practice assignments. Course work may be 


applied toward an MPH. 


Faculty 
Phyllis Leppert, MD, PhD Charles E. Phelps, PhD 
Fred M. Howard, MD David Olds, PhD 
Joseph M. Plukas, MD Nancy Bennett, MD 


Reinaldo Sanchez, MD _ Ed Black, MD 
Jacquelyn Howitt, MD Alvin Witter, MD 
Shiu Yeh Yu, PhD Elena Andresen, PhD 
Henry A. Thiede, MD Paul Griner, MD 
Sally Tafton, Esq. Martin Tanner, PhD 


and others | 


Rochester General Hospital 


_ Department of Obstetrics and Gynecology 


University of Rochester ` 
Dept. of Community and Preventive Medicine 


Applications now accepted for July 1993 and 1994. 
For further information write to: 


Phyllis C. Leppert, MD, PhD 
Rochester General Hospital 
Department of Ob/Gyn — 

- 1425 Portland Avenue 
Rochester, NY 14621 
(716) 336-3784 


Equal Opportunity Employer 


UNIVERSITY OF 
MICHIGAN MEDICAL CENTER 


The Department of Obstetrics and Gynecol- 
ogy at the University of Michigan Medical 
Center is seeking two Board Certified or Elig- 
ible Obstetricians/Gynecologists to serve as 
Clinical Track Faculty Members providing 
primarily obstetrical patient care. Salary and 
rank will be commensurate with the candi- 
dates’ training and experience. Please direct 
inquiries and Curriculum Vitae to: 


Rudi Ansbacher, M.D., M.S. 
Professor and Interim Chair 
Department of Obstetrics and Gynecology 
The University of Michigan Medical Center 
Medical Professional Building D2202/0718 
1500 E. Medical Center Drive 
Ann Arbor, MI 48109-0718 


The University of Michigan is an 
Affirmative Action/Equal Opportunity Employer. 
Codes 30 and 56. 


The George Washington University, Depart- 
ment of Obstetrics and Gynecology is recruiting 
a full-time Perinatologist with expertise in ul- 
trasound. 

Responsibilities of this position include ambulat- 
ory and inpatient case management, participa- 
tion in teaching activities at the graduate and 
undergraduate levels, development and/or par- 
ticipation in research activities; and involvement 
in University and Hospital Committees. The De- 
partment offers sophisticated ultrasonographic 
facilities and doppler technologies for fetal blood 
flow assessment. 


Candidates should be board certified or an ac- 
tive candidate in Obstetrics and Gynecology and 
Maternal Fetal Medicine. Academic appoint- 
ment and rank will be commensurate with level 
of training and certification. Superb fringe bene- 
fits package. 

send CV to: 

John W, Larsen, M.D. 
Department of Obstetrics and Gynecology 
George Washington University Medical Center 
2150 Pennsylvania Avenue, NW 
Washington, DC 20037 
Review of applications will begin November 1, 
1992 and continue until the position is filled. The 
George Washington University is an Equal Op- 

portunity/Affirmative Action Employer. 


SAN FRANCISCO 
OB/GYN — PARTNERSHIP 


Join physician in the Pacific Heights area of 
San Francisco. Work in gorgeous office with 
ten birthing suites just 100 feet away at pre- 
stigious California Pacific Medical Center. 
Physician is looking for an associate who 
speaks Chinese or is willing to learn, to help 
him serve his growing patient base. Competi- 
tive initial salary and paid malpractice, plus 
full benefits including funded retirement pro- 
gram. Paid interviewing and relocation ex- 
penses. Send CV or call: 


KAREN TEETZEL 
JACKSONANDCOKER, INC. WN 
115 Perimeter Center Place % 
Suite 380 12515 
Atlanta, GA 30346 


Tel. 1-800-544-1987 JACKSON 
ANOCOKER 


MASSACHUSETTS INSTITUTE 
OF TECHNOLOGY 


Medical Department 


Obstetrician/Gynecologist 


The MIT Medical Department is seeking a full-time 
obstetrician/gynecologist. The Department con- 
sists of a large multispecialty group practice that 
serves the entire MIT community, including under- 
graduate and graduate students, faculty, staff, re- 
tirees and their families. Twenty-four full-time 
physicians, over fifty part-time physicians and 
many other medical professionals provide care, 
mostly on a prepaid basis, to about 30,000 patients. 
The Department's facilities include an 18-bed inpa- 
tient unit on campus. Patients are admitted to the 
Brigham and Women’s Hospital and to other Har- 
vard teaching hospitals. Salary and benefits are 
excellent. Academic appointments and oppor- 
tunities for teaching are available. 


send inquiries and C.V. to 


Arnold N. Weinberg, M.D. 
Medical Director 
MIT Medical Department, E23-279 
77 Massachusetts Avenue 
Cambridge Massachusetts 02139 


MIT is an Equal Opportunity/Affirmative Action Em- 
ployer. MIT fs also a non-smoking environment. 





OB STETRICIAN / GYNECOLOGIST 


Rochester. General Hospital, a 526, bed major. , 
university affiliated hospital in upstate New 


S York, has practice opportunities for Ob/ Gyn pe 
_.BE or BC. We are recruiting physicians for 


several hospital related practices. . State-of-the- 


art .facilities and soon to be renovated : 
Obstetrical Suite, Birth Rooms, and Birth’ ` 
Center. . Rochester General Hospital is a’ 


| physician friendly hospital with a sound fiscal 
‘base. Located near lakes, ski areas; hiking, as 
. well as art museums, concert halls, theaters. 


Please call or send resume to: 


Phyllis C. Leppert, MD, PhD 
? ` Chief of Ob/Gyn °>- à 
` Rochester General Hospital - 
1425 Portland Avenue 
Rochester, NY 14621 . 
(716) 336-3784 
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GYNECOLOGIC 
ONCOLOGIST 


The Department'of Ob/Gyn at the University 


-of Massachusetts Medical School. seeks a 
_ third Gyn Oncologist. Applicants should be 
board eligible or certified in Ob/Gyn and Gyn 
Oncology and must be eligible. for Mas- 
sachusetts licensure: The division is active in 
clinical research and maintains a research 
_, laboratory. A broad range.of opportunities 
= exist for additional collaboration in basic re- 


search. Candidates must have an-interest in - 
_ teaching students ‘and residents. Academic ` 


rank and salary will be based on experience. 

‘UMMC ¿is an AA/EOE employer. Interestec 

_ candidates should send a curriculum vitae 
. and letter to:. | 
Kenneth L. Noller, MD & Chairman ` ` 


55 Lake Avenue North | 
Worcester, MA 01 655 
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The Department of Obstetrics and Gynecol- 
ogy, Hospital and School of Medicine, Uni- 
versity of Pennsylvania, announces the ` 
availability of positions in Maternal-Fetal 


_ Medicine at the rank of Assistant and As- — 


sociate Professor. Excellent: clinical. skills 
required. Teaching commitment is essen- — 
tial. Applicants should be board certified or ` 
active candidates for certification by The 


‘, American Board cf Obstetrics and Gynecol- 


ogy, Inc., Division of Maternal-Fetal Medi- 
cine. Salary and ecademic rank will be com- 


_- mensurate with candidate's training and ex- 


perience. Candidates should submit a cur- 


-rent C.V. and three references to:. 


Arnold W. Cohen, M.D. 
Director 
„Obstetrics and Maternal-Fetal Medicine 
. Professor of Obstetrics and. Gynecology 
| - Department of ) 
Obstetrics and Gynecology ~ 
Hospital ‘of the University of Pennsylvania 
| 340C Spruce Street 
Philadelphia, PA 19104-4283 


The Department of Obstetrics and - 
Gynecology, Hospital and School of Med- 


icine, University of Pennsylvania, an- 
nounces the availability of positions in Re- 


productive Endocrinology and Infertility at 
the rank of Assistant and Associate Pro- 
fessor. Excellent clinical skills required 


cand a commitment to teaching and re- 


search is essential. Applicants should be 


= board certified or active candidates for 


certification by The ‘American Board of 
Obstetrics and Gynecology, Inc., Division 
of. Reproductive Endocrinology. Salary 
and academic rank will be commensurate 
with candidate’s training and experience. 
Candidates should submit a current C.V. 
and three references to: 
_ Luigi Mastroianni, Jr., M.D. 

The William Goodell Professor of 

Division of Human Reproduction 
Hospital of the University of Pennsylvania 


-= 3400 Spruce Street, 106 Dulles Building © 


Philadelphia, PA 19104-4283 
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; Frank W. Ling, MLD. 
Associate Professor and Director 
Division of Gynecology Sr 
Department of Obstetrics & Gynecology Fal 
University of Tennessee, Memphis 
853 Jefferson Avenue, Room E-102 
Memphis, Tennessee 38103 
901 aieatll 7 id 


PERINATOLOGIST 


Perinatologist sought to develop a program 
of research in maternal-fetal medicine. The 
successful applicant will be primarily respon- 
sible for initiating research in both basic sci- 
ence and in clinical and epidemiologic as- 


pects of maternal-fetal medicine in a univer- . 


sity-based department of Obstetrics and 
Gynecology. The position is supported by two 
full-time faculty members in the division of 
maternal-fetal medicine that provide a strong 
foundation in clinical care and regional out- 
reach. Deadline for applications is January 
31, 1993. 

Send C.V. to: 


Search Committee 
c/o Millard Simmons, M.D. 
Chief, Division of Maternal-Fetal Medicine 
4601 HSN 
West Virginia University School of Medicine 
Health Sciences Center 
Morgantown, West Virginia 26506-9186 


West Virginia University i is an Equal Opportu- 
nity/Affirmative Action Institution. 


DIRECTOR GYNECOLOGIC ONCOLOGY 
AND 
GYNECOLOGIC ONCOLOGIST 


The Department of obstetrics and Gynecology at East 


Carolina University is seekinc a board-certified gyn on- 


_cologist to assume the directorship of the Gyn Oncology 
Division. A second gynecologic oncologist, either board- 
certified or an active candidate for board certification, is” 


sought to join a subspecialty trained board eligible faculty 
currently in the division. Salaries are more than competi- 
tive for the southeast region. The search will remain open 
until qualified candidates are indentified. 


The division is clinically active with approximately 200 
new patients entered annually and has afiliate GOG 
status with all requirements in place to seek independent 
status. East Carolina University is affiliated with Pitt 
County Memorial Hospital, a 560-bed tertiary hospital, in 
Greenville, North Carolina which serves as the only ter- 
tiary center for over a million residents of the Coastal 
Plains. Thirteen full-time faculty and seventeen residents 
currently provide primary OB/GYN and subspecialty care 
in gyn oncology, maternal-fetal medicine, and reproduc- 
tive endocrinology/infertility. 


Address inquiries and forward a currrent curriculum vitae 
to: i 
D.E. Darnell Jones, M.D. 
Professor and Chairman 
Department of Ob/Gyn 
East Carolina University 
Greenville, NC 27858-4354 


East Carolina University is an Equal Opportunity/Affirma- 
tive Action Employer and a constituent of the University 
of North Carolina. 


Department of Obstetrics and Gynecology 
Medical College of Virginia 
Virginia Commonwealth University 


Position in the Section of Benign Gynecology 
available. Level and salary are based on ex- 
perience. Applicants must be Board Eligible 
or Board Certified and interested in clinical 
teaching with a major focus on operative 
gynecology. This is a full-time academic pos- 
ition with opportunities for clinical or labora- 
tory research. 


Interested candidates should submit a c.v. by 
12/31/92 to: 


od. Andrew Fantl, M.D. 

. Obstetrics and Gynecology 
Section of Benign Gynecology 
MCV-VCU, Box 34 
Richmond, Virginia 23298 


Virginia Commonwealth University is an 
Equal Opportunity/Affirmative Action Employ- 
er. Women, minorities, and persons with dis- 
abilities are encouraged to apply. 
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CALIFORNIA 
San Francisco-Oakland Bay Area 


Join progressive and well respected 
clinic in desirable Northern California lo- 


The Department of Obstetrics and Gynecologyatthe 
University of Wisconsin-Madison is currently re- 
cruiting two full-time Perinatologists. The first P 
sition requires a board eligible or board certified 
maternal-fetal medicine subspecialist at the aca- 


deric level of Assistant or Associate Professor. You 


cation. Benefit from top-notch hospital will be an exemplary clinician and teacher: an 
facilities including LEVEL I! Nursery and ~ |] interest in infectious disease or critical care would be 
all up-to-date equipment. Continue to i | welcomed. 

develop OB/GYN practice with estab- Eoma barton dabei 
lished female practitioner ir a diverse pa- Professor or Professor. You will be a board certified 
tient setting. Excellent quality of life, four- ANSE capabilities direct S e 
day workweek and /imited call. $100,000- ogy Research Laboratory in the department. Sala- 
124,000 first year income potential, paid 

malpractice insurance, including all fringe 


ries are competitive and are commensurate with 
experience and level of appointment. 
benefits. For more information call: 
Patricia Royball 


Personnel Manager 
510-534-0078 ext. 230 


cr Send CV to: 


La Clinica de la Raza 
1515 Fruitvale Avenue 
Oakland, CA 94601 


If interested please send your C.V. to: Dr. Susan K. 
Hendricks-Director, Maternal-Fetal Medicine, 
Dept. of Obstetrics and Gynecology, 6C Meriter 
Hospital/Park, 202 S. Park St., Madison, WI 
53715 (608) 267-6099. 


The University of Wisconsin is an equal opportunity 
employer and encourages inquiries from women and 


minority applicants. 
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In the Pregnant Patient 
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Medical Disorder equation, 


where do you fit in? 


A pregnant patient with a medical 
disorder poses a unique and special 
challenge. You need to understand 
her disease and how it affects her 
pregnancy. You also need to recog- 
nize the physiologic signs of a 
normal gestation in order to best 
treat her overall condition. 
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In this premier volume of Current Obstetric 
Medicine, international authorities discuss recent 
developments in obstetric medicine, summarizing 


pertinent findings and trends. from the literature 


published within the last two years. They also add their 
own critical commentary, providing new perspectives 
on the problems you face. Concentrating on emerging 
treatments and insights, the authorities focus on how 


these innovations affect your patients and your practice.. 


This combination of the latest research and expert 
interpretation makes Current Obstetric Medicine, 
Volume 1 a vital clinical reference. 


You'll get a multidisciplinary perspective of new 


diagnostic techniques and therapies, such as 
preconception counseling and management of asthma, 
rhinitis, and anaphylaxis during pregnancy. A wide 
spectrum of conditions and problems are covered, 
including renal disease, postpartum thyroiditis, 
diabetes, and accidents. And each issue in Current 
Obstetric Medicine is discussed in terms ofits clinical 
significance—so youcan start applying the best available 
treatments to your patients’ care immediately. 
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To review this outstanding resource free for 
30 days, simply mail the Free Examination 
Certificate below or call Toll-Free 1-800-426- 


4545 (To speed your order, mention code "MCA- 


029"). If you aren't completely satisfied with its 
scope of information and insight, just send it back 
and owe nothing. It's an easy way to place 
Yourself in the Oen care equation. 


FREF EXAMINATION CERTIFICATE 


Please send me Current Obstetric Medicine, 
Volume 1 (21178). I understand that I will pay 
$59.95* plus shipping and handling if I decide to keep 


-~ 
| 
| 

| 
the book. * Resident price $40 | 
| | 
NAME | 
| 
ADDRESS | 
| 
‘CITY/STATE/ZIP . TELEPHONE | 
E Mosby | 
Year Book | 
Pat Newman 

11830 Westline Industrial Drive | 

, [ a St. Louis, MO 63146 MCA-029° 
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When you purchase, we'll send you an automatic notice of future volumes about two months before they publish. This 
system was designed for your convenience and to take up as little of your time as possible. If you do not want the Current, 
the advance notice makes it easy for you to let us know. And if you elect to receive the new Current, you need do nothing. 

We will send it on publication. No worry. No wasted motion. And, of course, every Current is yours to examine free of 


chores for 30 days. 


' toall. your patients, even if you don’t / 


» 


-can mean the difference between life | 
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Knowing the right.answers to this test | / 


and death toa woman and her unborn 
child. Cut it out now and give copies / 


suspecta drug problem. Even if they | 
are not pregnant. Because if your 
patients don’t know the right oe 
answers,now’s thetinie -iiig 
totalk.with them and 2% 
helpthemto - = # 
understand. OF ee 
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line, copy, and distribute  —_ — ` 
to patients as you see fiti «5 ce ee 
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Partnership for a Drug-Free America ` 
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The Osler Institute 


Obstetrics and Gynecology Review Course 
November 30-December 5, 1992 — Chicago 


March 29-April 4 — San Francisco 


June 7-12, 1993 — Pittsburgh 


Your course for exams with practice tests and case-list reviews 


OBJECTIVES 

® Increase basic knowledge and clinical skills in ob-gyn 
® Assist residents and fellows to organize their study 

® Prepare candidates to take their examinations 

è Provide practicing gynecologists with an update 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities, but from people who are relatively unknown as well."* 


Clinical Science Reproductive Endo. 
Surgical Anatomy Contraception 
Embryology pach 
Radiolo menorrhea 
Genet ad Abnormal Bleeding 

netics ' 
Tera tology pH ate and Prolactin 
enopause 
Anesthesiology 
Antibiotics Maternal and Fetal Med. 
Pharmacology 

Pathology Diabetes and Trauma 
Vulva and Vagina Hypertension 
Cervix and Uterus Hematology 
Ovary and Placenta . Antepartum Testing 
Breast Premature Labor 

Faculty 

Benign Gynecolo 

8 l y l BY Steve Ambrose, M.D. 

Infectious Diseases _ Ass’t. Professor of Ob-Gyn. 
Urinary Retention Rush Medical College 
Urinary Incontinence Guy Benrubi, M.D. 
Pediatric Gynecology Professor of Ob-Gyn. 
Sexual Assault sate ae eis 
Ectopic Pregnancy Re ah ol ere 

wa Ass’t. Professor of Ob-Gyn. 
Endometriosis University of Chicago 
Peter Cherouny, M.D. 

Oncology Ass’t. Professor of Ob-Gyn. 
Chemothera py University of Vermont 
Vulva and Vagina Phillip Galle, M.D. 
Cervix and Uterus Assoc. Professor of Ob-Gyn. 
O Southern Illinois University 

ve, Edward Hill, M.D. 
Trophoblast Prof. Emeritus of Ob-Gyn. 
Breast Univ. of Calif., San Francisco 


Name 
Address 

_ City/State 
Zip 


Mail today to: 


1094 East Dawn Drive, Dept. 211 
P.O, Box 2218 
Terre Haute, IN 47802 


Phone 


METHODS 


® HOME STUDY MATERIALS with questions and answers 
è SEMINAR with projection slides and lecture-note syllabus 
® LABORATORY with microscope and glass slides 

® PRACTICE EXAMS for your written and oral exams 
TPlus extra mock oral days December 6-8. 


Karen Ireland, M.D. 


Assoc. Professor of Pathology 


Oregon Health Science Univ. 
Conley Lacey, M.D. 


Dir. of Gynecologic Oncology 


Scripps Clinic, San Diego 
Michael Lawlor, D.O. 
Instr. of Ob-Anesthesiology 
Wayne State University 
Curtis Lowery, M.D. 
Ass’t. Professor of Ob-Gyn. , 
University of Arkansas 
Victoria Maclin, M.D. 
Ass’t. Professor of Ob-Gyn. 
Rush Medical College 
David Plourd, M.D. 
senior Physician in Ob-Gyn. 
Santa Clara Valley Med. Ctr. 
Sandra Refzky, D.O. 
Ass’t. Professor of Ob-Gyn. 
Rush Medical College 

Dov Schuchman, M.D. 
Senior Staff Physician: 
Henry Ford Medical Center 
Kutay Taysi, M.D, 
Director of Genetic Services 
St. John’s Mercy, St. Louis 


Richard Voet, M.D. 


Clin. Assoc. Prof, of Ob-Gyn, 


University of Texas, Dallas 
Wendell Wall, M.D. 
Ass’t. Professor of Ob-Gyn. 
University of North Dakota 
R. Stan Williams, M.D. 
Ass’t. Professor of Ob-Gyn, 
University of Florida 


Limited Enroliment: OBSTETRIC S AND GYNECOLOGY REVIEW REGISTRATION 


For: (1 Nov. 30-Dec. 5, 1992 — Chicago 
["] Mar. 29-Apr. 4, 93 — San Francisco 
[-] June 7-12, 1993 — Pittsburgh 
[] Check enclosed for $ 
C] Please send FREE SAMPLE 
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"The ccurse was extremely helpful to me.™ 


COUBSES: Fall courses are more clinically 
oriented. The’ November course includes 
lectures with syllabus as well as an opportu- 
nity for you to buy an unlimited number of 
25-miaute, one-on-one sessions with faculty 
to review your case lists or perform mock 


į oral exams. Each optional extra day, Decem- 


ber 6-3, includes a pathology laboratory ses- 
sion, and one mock oral exam and observa- 
tion of seven or more hours of other exams. 
Past participants recommend repeating the 
course for half price immediately before 
exams. 


“Accammodations were comfortable...."* 


LOCATION: The Chicago course will be 
at the Lisle/Naperville Hilton ~ 20 miles 
southwest of O’ Hare Airport: $85 fora single 
and $110 for a double. The other course 


‘| hotels will be chosen in competitive bidding 


for the best combination of good room rates 
and an excellent study environment. 


"ard those little extras...."* 


DISCOUNT AIR FARES: Please call toll- 
free (800) 356-7537 for group discounts. 


"dhe most education for the money.'"* 


FEES FOR COURSE HOURS: 
® Practicing Gynecologist: $810 
® Resident or Fellow: $540 
® Repeating course within 2 years: $405 
® Cplional extra days, December 6-8 

(per day fee): $180 


® Add 10% within 10 days of the course. 
® Not in course hotel package add $25 per day. 
® A deposit of $50 will reserve your position. 


“home study material was extremely helpful.’* 


REFUNDS: Subject to a $50 fee, refunds 
wi. be made until the seminar begins. 


it 


remarkably complete and pleasant. ™* 


INFORMATION: 
The Osler Institute 
Joseph H. Selliken, Jr., M.D. 
1094 East Dawn Drive, P.O. Box 2218 
-Terre Haute, IN 47802 


(800) 356-7537 or (812) 299-5655 


$ * Comments by participants. 


21-and 28-day regimens 


(”’( \RTHO- 


YOLEN.. 
norgestimate/ethinyl estradiol 


zach blue tablet contains 0.250 mg norgestimate and 0.035 mg ethinyl estradiol. Each green tablet in 28- 

day regimen contains inert ingredients. 

IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information 
rovided with the product and therefore should not be used as the basis for prescribing the product. 

is summary was prepared by deleting from the complete sek else < information certain text, 

lables, and references. The physician should be thoroughly familiar with the complete prescribing 

information before prescribing the product. 

INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

CONTRAINDICATIONS: Oral contraceptives should not be used in women who currently have the following 

conditions: 1. Thrombophlebitis or thromboembolic disorders. 2. A past history of deep vein thrombophle- 

bitis or thromboembolic disorders. 3. Cerebral vascular or coronary artery disease. 4. Known or sus- 

pected carcinoma of the breast. 5. Carcinoma of the endometrium or other known or suspected estrogen- 

dependent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7. Cholestatic jaundice of preg- 

nancy or jaundice with prior pill use. 8. Hepatic adenomas or carcinomas. 9. Known or suspected pregnancy. 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contraceptive 
use. This risk increases with age and with heavy smoking (15 or more cigarettes per day) and is 


THE First OC 
WITH NORGESTIMATE... 
A NEW PROGESTIN 


quite marked in women over 35 years of age. Women who use oral contraceptives should be 
strongly advised not to smoke. 





The use of oral contraceptives is associated with increased risks of several serious conditions including 
myocardial infarction, thromboembolism, stroke, hepatic neoplasia, and gallbladder disease, although the 
risk of serious morbidity or mortality is very small in healthy women without underlying risk factors. The 
risk of morbidity and mortality increases significantly in the presence of other underlying risk factors such 
as hypertension, hyperlipidemias, obesity and diabetes. Practitioners prescribing oral contraceptives 
should be familiar with the following information relating to these risks. The information contained in this 
brief summary is principally based on studies carried out in patients who used oral contraceptives with 
higher formulations of estrogens and progestogens than those in common use today. The effect of long- 
term use of the oral contraceptives with lower formulations of both estrogens and tl prs ig remains to 
be determined. Throughout this brief summary, epidemiological studies reported are of two types: retro- 
spective or case control studies and prospective or cohort studies. Case control studies provide a measure 
of the relative risk of a disease, namely, a ratio of the incidence of a disease among oral contraceptive users 
to that among non-users. The relative risk does not provide information on the actual clinical occurrence of 
a disease. Cohort studies provide a measure of attributable risk, which is the difference in the incidence of 
disease between oral contraceptive users and non-users. The attributable risk does provide information 
about the actual occurrence of a disease in the population. For further information, the reader is referred to 
a text on epidemiological methods. 1. THROMBOEMBOLIC DISORDERS AND OTHER VASCULAR PROB- 
LEMS. a. Myocardial Infarction. An increased risk of myocardial infarction has been associated with oral 
contraceptive use. This risk is primarily in smokers or women with other underlying risk factors for 
coronary artery disease such as hypertension, hypercholesterolemia, morbid obesity, and diabetes. The 
relative risk of heart attack for current oral contraceptive users has been estimated to be two to six. The risk 
is very low under the age of 30. Smoking in combination with oral contraceptive use has been shown to 
contribute substantially to the incidence of myocardial infarctions in women in their mid-thirties or older 
with migas i accounting for the majority of excess cases. Mortality rates associated with circulatory 
disease have been shown to increase substantially in smokers, especially in those 35 years of age and older 
among women who use oral contraceptives. Oral contraceptives may compound the effects of well-known 
risk factors, such as hypertension, diabetes, hyperlipidemias, age and obesity. In particular, some proges- 
togens are known to decrease HDL cholesterol and cause glucose intolerance, while estrogens may create 
a state of hyperinsulinism. Oral contraceptives have been shown to increase blood pressure among users 
(see Section 9 in WARNINGS). Similar effects on risk factors have been associated with an increased risk of 
heart disease. Oral contraceptives must be used with caution in women with cardiovascular disease risk 
factors. b. Thromboembolism. An increased risk of thromboembolic and thrombotic disease associated 
with the use of oral contraceptives is well established. Case control studies have found the relative risk of 
users compared to non-users to be 3 for the first episode of superficial venous thrombosis, 4 to 11 for deep 
vein thrombosis or arama i embolism, and 1.5 to 6 for women with predisposing conditions for venous 
thromboembolic disease. Cohort studies have shown the relative risk to be somewhat lower, about 3 for 
new cases and about 4.5 for new cases requiring hospitalization. The risk of thromboembolic disease 
associated with oral contraceptives is not related to length of use and disappears after pill use is stopped. A 
two-to-four-fold increase in relative risk of post-operative thromboembolic complications has been 
reported with the use of oral contraceptives. The relative risk of venous thrombosis in women who have 
predisposing conditions is twice that of women without such medical conditions. If feasible, oral contra- 
ceptives should be discontinued at least four weeks prior to and for two weeks after elective surgery of a 
type associated with an increase in risk of thromboembolism and during and following prolonged immobili- 
zation. Since the immediate postpartum period is also associated with an increased risk of thromboembo- 
lism, oral contraceptives should be started no earlier than four weeks after delivery in women who elect not 
to breast feed. c. Cerebrovascular diseases. Oral contraceptives have been shown to increase both the 
relative and attributable risks of cerebrovascular events (thrombotic and hemorrhagic strokes), although, 
in general, the risk is greatest among older (>35 years), hypertensive women who also smoke. Hyperten- 
sion was found to be a risk factor for both users and non-users, for both types of strokes, and smoking 
interacted to increase the risk of stroke. In a large study, the relative risk of thrombotic strokes has been 
shown to range from 3 for normotensive users to 14 for users with severe hypertension. The relative risk of 
hemorrhagic stroke is reported to be 1.2 for non-smokers who used oral contraceptives, 2.6 for smokers 
who did not use oral contraceptives, 7.6 for smokers who used oral contraceptives, 1.8 for normotensive 
users and 25.7 for users with severe nla pal The attributable risk is also greater in older women. 
d. Dose-related risk of vascular disease from oral contraceptives. A positive association has been observed 
between the amount of estrogen and progestogen in oral contraceptives and the risk of vascular disease. A 
decline in serum high density lipoproteins (HDL) has been reported with many progestational agents. A 
decline in serum high density lipoproteins has been associated with an increased incidence of ischemic 
heart disease. Because estrogens increase HDL cholesterol, the net effect of an oral contraceptive depends 
on a balance achieved between doses of estrogen and progestogen and the activity of the progestogen used 
in the contraceptive. The activity and amount of both hormones should be considered in the choice of an 
oral contraceptive. Minimizing exposure to estrogen and progestogen is in keeping with good principles of 
therapeutics. For any particular estrogen/progestogen combination, the dosage regimen prescribed should 
be one which contains the least amount of estrogen and progestogen that is compatible with a low failure 
rate and the needs of the individual patient. New acceptors of oral contraceptive agents should be started 
on preparations containing 0.035 mg or less of estrogen. e. Persistence of risk of vascular disease. There 
are two studies which have shown persistence of risk of vascular disease for ever-users of oral contracep- 
tives. In a study in the United States, the risk of developing myocardial infarction after discontinuing oral 
contraceptives persists for at least 9 years for women 40-49 years who had used oral contraceptives for five 
or more years, but this increased risk was not demonstrated in other age groups. In another study in Great 
Britain, the risk of —_ cerebrovascular disease persisted for at least 6 years after discontinuation of 
oral contraceptives, although excess risk was very small. However, both studies were performed with oral 
contraceptive formulations containing 50 micrograms or higher of estrogens. 2. ESTIMATES OF MORTAL- 
ITY FROM CONTRACEPTIVE USE. One study gathered data from a variety of sources which have estimated 
the mortality rate associated with different methods of contraception at different ages. These estimates 
include the combined risk of death associated with contraceptive methods plus the risk attributable to 
pregnancy in the event of method failure. Each method of contraception has its specific benefits and risks. 

he study concluded that with the exception of oral contraceptive users 35 and older who smoke, and 40 
and older who do not smoke, mortality associated with all methods of birth control is low and below that 
associated with childbirth. However, smokers 35 and older and non-smokers 40 and older who use oral 
ee gg have a significant increase in mortality higher than those using other methods of birth 
control. These facts must be weighed in conjunction with failure rates for other methods and the risk 
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associated with subsequent pregnancy. 3. CARCINOMA OF THE REPRODUCTIVE ORGANS. Numerous 
epidemiological studies have been performed on the incidence of breast, endometrial, ovarian, and cervical 
cancer in women using oral contraceptives. While there are conflicting reports, most studies suggest that 
use of oral contraceptives is not associated with an overall increase in the risk of developing breast cancer. 
Some studies have reported an increased relative risk of developing breast cancer, particularly at a younger 
age. This increased relative risk appears to be related to duration of use. Some studies suggest that oral 
contraceptive use has been associated with an increase in the risk of cervical intraepithelial neoplasia in 
some populations of women. However, there continues to be controversy about the extent to which such 
findings may be due to differences in sexual behavior and other factors. 4. HEPATIC NEOPLASIA. Benign 
hepatic adenomas are associated with oral contraceptive use, although the incidence of benign tumors is 
rare in the United States. Indirect calculations have estimated the attributable risk to be in the range of 3.3 
cases/100,000 for users, a risk that increases after four or more years of use especially with oral contracep- 
tives of higher dose. Rupture of benign, hepatic adenomas may cause death through intra-abdominal 
hemorrhage. Studies from Britain have shown an increased risk of developing hepatocellular carcinoma in 
long-term (>8 years) oral contraceptive users. However, these cancers are rare in the U.S. and the 
attributable risk (the excess KROAN of liver cancers in oral contraceptive users approaches less than one 
per million users. 5. OCULAR LESIONS. There have been clinical case reports of retinal thrombosis 
associated with the use of oral contraceptives. Oral contraceptives should be discontinued if there is 
unexplained partial or complete loss of vision; onset of proptosis or diplopia; papilledema, or retinal 
vascular lesions. Appropriate diagnostic and therapeutic measures should be undertaken immediately. 
6. ORAL CONTRACEPTIVE USE BEFORE OR DURING EARLY PREGNANCY. Extensive epidemiological 
studies have revealed no increased risk of birth defects in women who have used oral contraceptives prior 
to pregnancy. The majority of recent studies also do not indicate a teratogenic effect, particularly in so far 
as cardiac anomalies and limb reduction defects are concerned, when taken inadvertently during early 
pregnancy. The administration of oral contraceptives to induce withdrawal bleeding should not be used as a 
test for pregnancy. Oral contraceptives should not be used during pregnancy to treat threatened or habitual 
abortion. It is recommended that for any patient who has missed two consecutive periods, pregnancy 
should be ruled out before continuing oral contraceptive use. If the patient has not adhered to the pre- 
scribed schedule, the possibility of pregnancy should be considered at the time of the first-missed ee 
Oral contraceptive use should be discontinued until pregnancy is ruled out. 7. GALLBLADDER DISEASE. 
Earlier studies have reported an increased lifetime relative risk of gallbladder surgery in users of oral 
contraceptives and estrogens. More recent studies, however, have shown that the relative risk of develop- 
ing gallbladder disease among oral contraceptive users may be minimal. The recent findings of minimal risk 
be be related to the use of oral contraceptive formulations ila le lower hormonal doses of estrogens 
and progestogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contraceptives have been 
shown to cause a decrease in glucose tolerance in a significant percentage of users. This effect has been 
shown to be directly related to estrogen dose. Progestogens increase insulin secretion and create insulin 
resistance, this etfect varying with different progestational agents. However, in the non-diabetic woman, 
oral contraceptives appear to have no effect on fasting blood glucose. Because of these demonstrated 
effects, prediabetic and diabetic women in particular should be carefully monitored while taking oral 
contraceptives. A small proportion of women will have persistent hypertriglyceridemia while on the pill. As 
discussed earlier (see WARNINGS 1a and 1d), ae in serum triglycerides and lipoprotein levels have 
been reported in oral contraceptive users. 9. ELEVATED BLOOD PRESSURE. An increase in blood pressure 
has been reported in women taking oral contraceptives and this increase is more likely in older oral 
contraceptive users and with extended duration of use. Data from the Royal College of General Practitioners 
and subsequent randomized trials have shown that the incidence of hypertension increases with increasing 
progestational activity. Women with a history of hypertension or hypertension-related diseases, or renal 
disease should be encouraged to use another method of contraception. If women elect to use oral contra- 
ceptives, they should be monitored closely and if significant elevation of blood pressure occurs, oral 
contraceptives should be discontinued. For most women, elevated blood pressure will return to normal 
after stopping oral contraceptives, and there is no difference in the occurrence of hypertension between 
former and never users. 10. HEADACHE. The onset or exacerbation of migraine or development of head- 
ache with a new pattern which is recurrent, persistent or severe requires discontinuation of oral contracep- 
tives and evaluation of the cause. 11. BLEEDING IRREGULARITIES. Breakthrough bleeding and spotting 
are sometimes encountered in patients on oral contraceptives, especially during the first three months of 
use. Non-hormonal causes should be considered and adequate diagnostic measures taken to rule out 
malignancy or pregnancy in the event of breakthrough bleeding, as in the case of any abnormal vaginal 
bleeding. If pathology has been excluded, time or a change to another formulation may solve the problem. 
In the event of amenorrhea, pregnancy should be ruled out. Some women may encounter post-pill amenor- 
rhea or oligomenorrhea, especially when such a condition was preexistent. 12. ECTOPIC PREGNANCY. 
Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. PRECAUTIONS: 1. PHYSI- 
CAL EXAMINATION AND FOLLOW UP A complete medical history and physical examination should be taken 
prior to the initiation or reinstitution of oral contraceptives and at least annually during use of oral contra- 
ceptives. These physical examinations should include special reference to blood pressure, breast, abdo- 
men and pelvic organs, including cervical cytology, and relevant laboratory tests. In case of undiagnosed, 
persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic measures should be conducted 
to rule out malignancy. Women with a strong family history of breast cancer or who have breast nodules 
should be monitored with particular care. 2. LIPID DISORDERS. Women who are being treated for hyperli- 
pidemias should be followed closely if they elect to use oral contraceptives. Some progestogens may 
elevate LDL levels and may render the control of hyperlipidemias more difficult. 3. LIVER FUNCTION. If 
jaundice develops in any woman receiving such drugs, the medication should be discontinued. Steroid 
hormones may be poorly metabolized in patients with impaired liver function. 4. FLUID RETENTION. Oral 
contraceptives may cause some degree of fluid retention. They should be prescribed with caution, and only 
with careful monitoring, in patients with conditions which might be aggravated by fluid retention. 5. EMO- 
TIONAL DISORDERS. Women with a history of depression should be carefully observed and the drug 
discontinued if depression recurs to a serious degree. 6. CONTACT LENSES. Contact lens wearers who 
develop visual changes or changes in lens tolerance should be assessed by an ophthalmologist. 7. DRUG 
INTERACTIONS. Reduced efficacy and increased incidence of breakthrough bleeding and menstrual irregu- 
larities have been associated with concomitant use of rifampin. A similar association, though less marked, 
has been id ge with barbiturates, phenylbutazone, phenytoin sodium, and possibly with griseofulvin, 
ampicillin and tetracyclines. 8. INTERACTIONS WITH LABORATORY TESTS. Certain endocrine and liver 
function tests and blood components may be affected by oral contraceptives: a. Increased prothrombin and 
factors VII, VIII, IX, and X; decreased antithrombin 3; increased norepinephrine-induced platelet aggrega- 
bility. D. Increased thyroid binding globulin (TBG) leading to increased circulating total thyroid hormone, as 
measured by protein-bound iodine (PBI), T4 by column or by fraps ncaa 9 Free T3 resin uptake is 
decreased, reflecting the elevated TBG, free T4 concentration is unaltered. c. Other binding proteins may 
be elevated in serum. d. Sex-binding globulins are increased and result in elevated levels of total circulating 
sex steroids and corticoids; however, free or biologically active levels remain unchanged. e. Triglycerides 
may be increased. f. Glucose tolerance may be decreased. g. Serum folate levels may be depressed by oral 
contraceptive therapy. This may be of clinical significance if a woman becomes pregnant shortly after 
discontinuing oral contraceptives. 9. CARCINOGENESIS. See WARNINGS Section. 10. PREGNANCY. 
Pregnancy Category X. See CONTRAINDICATIONS and WARNINGS Sections. 11. NURSING MOTHERS. 
Small amounts of oral contraceptive steroids have been identified in the milk of nursing mothers and a few 
adverse effects on the child have been reported, including jaundice and breast enlargement. In addition, 
oral contraceptives given in the postpartum period may interfere with lactation by decreasing the quantity 
and quality of breast milk. If possible, the nursing mother should be advised not to use oral contraceptives 
but to use other forms of contraception until she has completely weaned her child. INFORMATION FOR THE 
PATIENT: See Patient Package Insert printed below. ADVERSE REACTIONS: An increased risk of the 
following serious adverse reactions has been associated with the use of oral contraceptives (see WARN- 
INGS Section). Lee tg and venous thrombosis with or without embolism. Arterial thromboem- 
bolism. Pulmonary embolism. Myocardial infarction. Cerebral hemorrhage. Cerebral thrombosis. 
Hypertension. Gallbladder disease. Hepatic adenomas or benign liver tumors. The following adverse reac- 
tions have been reported in patients receiving oral contraceptives and are believed to be drug-related: 
Nausea. Vomiting. Gastrointestinal symptoms (such as abdominal cramps and bloating). Breakthrough 
bleeding. Spotting. Change in menstrual flow. Amenorrhea. Temporary infertility after discontinuation of 
treatment. Edema. Melasma which may persist. Breast changes: tenderness, enlargement, secretion. 
Change in weight (increase or decrease). Change in cervical erosion and secretion. Diminution in lactation 
when given immediately postpartum. Cholestatic jaundice. Migraine. Rash (allergic). Mental depression. 
Reduced tolerance to carbohydrates. Vaginal candidiasis. Change in corneal curvature (steepening). Intol- 
erance to contact lenses. The following adverse reactions have been reported in users of oral contracep- 
tives and the association has been neither confirmed nor refuted: Pre-menstrual syndrome. Cataracts. 
Changes in appetite. Cystitis-like syndrome. Headache. Nervousness. Dizziness. Hirsutism. Loss of scalp 
hair. Erythema multiforme. Erythema nodosum. Hemorrhagic eruption. Vaginitis. Porphyria. Impaired 
renal function. Hemolytic uremic syndrome. Acne. Changes in libido. Colitis. OVERDOSAGE: Serious ill 
effects have not been reported following acute ingestion of large doses of oral contraceptives by young 
children. Overdosage may cause nausea and withdrawal bleeding may occur in females. 
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out warning symptoms, follow chronically treated patients and inform them of the importance of the 

follow-up. Drug Interactions: Use caution when giving concomitantly with coumarin-type anticoagu- 
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Association of intrauterine fetal growth retardation and learning 1499 
deficits at age 9 to 11 years 

James A. Low, MD, Mark H. Handley-Derry, MD, Sharon O. Burke, PhD, Ray D. Peters, PhD, 

Elizabeth A. Pater, RN, Helen L. Killen, RN, and E. Jane Derrick, BA 

Kingston, Ontario, Canada 





Growth retardation, socioeconomic status, and behavioral characteristics of inattention and 
anxiety are associated with learning deficits at 9 to 11 years of age. 


Asphyxial complications in the term newborn with severe umbilical 1506 
acidemia 

Thomas Murphy Goodwin, MD, Isaac Belai, MD, Patricia Hernandez, MD, Manuel Durand, MD, 

and Richard H. Paul, MD 

Los Angeles, California 


Seventy-eight percent of 129 term infants with an umbilical pH <7.00 appeared normal at 
discharge or follow-up, but there was an inverse relationship between pH and the incidence of 
neonatal asphyxial complications, including hypoxic encephalopathy. 


Morbidity of failed labor in patients with prior cesarean section 1513 
Joanne Stone, MD, Charles J. Lockwood, MD, Gertrud S. Berkowitz, PhD, Lauren Lynch, MD, 

Manuel Alvarez, MD, Robert H. Lapinski, PhD, and Richard L. Berkowitz, MD 

New York, New York 


The morbidity of failed labor in patients with a previous cesarean section is equivalent to that 
in women undergoing primary cesarean section after failed labor. 
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Effect of recreational exercise on midtrimester placental growth 1518 
James F. Clapp III, MD, and Karen H. Rizk, RN 
Cleveland, Ohio 


Women who exercise regularly have larger midtrimester placental volumes than matched 
controls. 


Rapid prenatal diagnosis by fluorescent in situ hybridization of 1522 
chorionic villi: An adjunct to long-term culture and karyotype 

Mark I. Evans, MD, Katherine W. Klinger, PhD, Nelson B. Isada, MD, Donna Shook, MD, 

Wolfgang Holzgreve, MD, Nancy McGuire, MD, and Mark P. Johnson, MD 

Detroit, Michigan, Framingham, Massachusetts, and Miinster, Germany 


Fluorescent in situ hybridization for chromosomes 13, 18, 21, X, and Y was used on chorionic 
villus sampling material for rapid diagnosis; our results suggest that it may be an adjunct to 
karyotype for rapid results. 


The smaller than expected first-trimester fetus is at increased risk for 1525 
chromosome anomalies 

Arie Drugan, MD, Mark P. Johnson, MD, Nelson B. Isada, MD, Wolfgang Holzgreve, MD, 

Ivan E. Zador, PhD, Mitchell P. Dombrowski, MD, Robert J. Sokol, MD, Mordechai Hallak, MD, and 

Mark I. Evans, MD 

Detroit, Michigan, and Haifa, Israel 


First-trimester fetal size smaller than dates is associated with increased risk for chromosome 
anomalies; the larger the discrepancy, the higher the chance for severe anomalies. 
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Prediction of pregnancy outcome with single versus serial maternal 1529 
serum a-fetoprotein tests 

Katharine D. Wenstrom, MD, Susan L. Sipes, MD, Roger A. Williamson, MD, Stanley S. Grant, RN, 

David C. Trawick, and Louise C. Estle, RN 

Iowa City, Iowa 


In patients with unexplained maternal serum a-fetoprotein elevations, the first sample is more 
predictive of pregnancy outcome than either the trend of 3 or the final sample. 


Measurement of amniotic fluid volume: Accuracy of ultrasonography 1533 
techniques 

Everett F. Magann, MD, Thomas E. Nolan, MD, L. Wayne Hess, MD, Rick W. Martin, MD, 

Neil S. Whitworth, PhD, and John C. Morrison, MD 

Jackson, Mississippi, and Augusta, Georgia 


Amniotic fluid index, largest vertical pocket, and two-diameter pocket correctly predict 
normal amniotic fluid and hydramnios; two-diameter pocket is the most accurate test in 
predicting oligohydramnios. 


Hepatic histopathologic condition does not correlate with laboratory 1538 
abnormalities in HELLP syndrome (hemolysis, elevated liver enzymes, 

and low platelet count) 

John R. Barton, MD, Caroline A. Riely, MD, Thomas A. Adamec, MD, Douglas R. Shanklin, MD, 

Aldo D. Khoury, MD, and Baha M. Sibai, MD 

Memphis, Tennessee 


Laboratory parameters of the hemolysis, elevated liver enzymes, and low platelet count 
(HELLP) syndrome are not significantly different in patients with histologically mild or 
severe changes on liver biopsy. 


The immunoglobulin G fraction from plasma containing 1543 
antiphospholipid antibodies causes increased placental thromboxane 

production 

Alan M. Peaceman, MD, and Karen A. Rehnberg, BA 


Chicago, Illinois 
Incubation of normal placental tissue with the immunoglobulin G fraction from plasma 


containing antiphospholipid antibodies resulted in increased thromboxane production but no 
significant change in prostacyclin production. 


The effect of magnesium sulfate on maternal retinal blood flow in 1548 
preeclampsia: A randomized placebo-controlled study 
Michael A. Belfort, MD, George R. Saade, MD, and Kenneth J. Moise, Jr., MD 


Houston, Texas 


A 6 gm intravenous dose of magnesium sulfate significantly dilates retinal blood vessels in 
patients with preeclampsia. 
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Effect of magnesium sulfate on plasma endothelin-1 levels in normal 
and preeclamptic pregnancies 

Dimitrios S. Mastrogiannis, MD, PhD, Craig S. Kalter, MD, William F. O’Brien, MD, 
Stephen J. Carlan, MD, and E. Albert Reece, MD 

Philadelphia, Pennsylvania, and Tampa, Florida 


Magnesium sulfate infusion lowers plasma endothelin-1 concentration in women with 
preeclampsia, but not when used as a tocolytic in normotensive women with preterm labor. 


Correlation of nocturnal increase in plasma oxytocin with a decrease 
in plasma estradiol/progesterone ratio in late pregnancy 

Anna-Riitta Fuchs, DSc, Oliver Behrens, MD, and Hung-Ching Liu, PhD 

New York, New York, and Hannover, Germany 


Plasma oxytocin has a nocturnal peak that may be associated with the nocturnal increase in 
uterine contractility in women in late pregnancy. 


Lack of normal increase in saliva estriol/progesterone ratio in women 
with labor induced at 42 weeks’ gestation 
Diana J. Moran, MD, Hugh H. McGarrigle, PhD, and Gillian C. Lachelin, MA, MD 


London, England 


The saliva estriol/progesterone ratio increased normally in six women who labored 
spontaneously on day 294, but it had not changed in 10 whose labor was induced. 


HLA-DQ657 in Hispanic patients with insulin-dependent diabetes 
mellitus 


Grace Lee, MD, Fayek N. Shamma, MD, Michael P. Diamond, MD, and John T.D. Lee, PhD 


New Haven, Connecticut, and Rockville, Maryland 


Hispanics, unlike white people, are not protected from insulin-dependent diabetes mellitus by 
a single HLA-DQ857 aspartate residue. 


The transfer of anti-human immunodeficiency virus nucleoside 
compounds by the term human placenta 
Roger E. Bawdon, PhD, Sohrab Sobhi, BS, and Jody Dax, BS, RN 


Dallas, Texas 


The anti-human immunodeficiency virus drugs azidothymidine, 2’ ,3’-dideoxyinosine, and 
2’,3’-dideoxycytidine rapidly cross the term ex vivo human placenta by simple diffusion. 


Changes in T-lymphocyte subpopulations during pregnancy 
complicated by human immunodeficiency virus infection 


Mara J. Dinsmoor, MD, and James T. Christmas, MD 
Richmond, Virginia 


Both CD4 and CD8 counts decrease during pregnancies complicated by HIV infection, 
primarily as a result of decreases in the total lymphocyte count. The use of zidovudine may 
prevent this decline. 
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Use of esterase inhibitors and zone electrophoresis to define bacterial 1579 
esterases in amniotic fluid 


Iffath Abbasi Hoskins, MD, Joseph Katz, PhD, Susan S. Kadner, MS, Bruce K. Young, MD, and 
Thomas Finlay, PhD 
New York, New York 


Esterases in infected amniotic fluid are of bacterial, not human, origin; different groups of 
bacteria produce different types of esterases. 


Amniotic fluid tumor necrosis factor-a and interleukin-1 in a rabbit 1583 
model of bacterially-induced preterm pregnancy loss 

Robert S. McDuffie, Jr., MD, Michael P. Sherman, MD, and Ronald S. Gibbs, MD 

Denver, Colorado, and Los Angeles, California 


After intracervical inoculation with Escherichia coli in pregnant rabbits, levels of amniotic 
fluid tumor necrosis factor-a and interleukin-1 are elevated as early as 4 hours in some 
animals and by 12 to 16 hours in all. 


Association of cervicovaginal infections with increased vaginal fluid 1588 
phospholipase Az activity 

James A. McGregor, MDCM, Janice I. French, CNM, MS, Ward Jones, MS, Ruth Parker, CNM, MSN, 

Elisa Patterson, BSN, and Deborah Draper, PhD 

Denver, Colorado 


Phospholipase A> in vaginal fluid is increased in the presence of bacterial vaginosis, 
Trichomonas vaginalis, and Chlamydia trachomatis. 


Transfer of Timentin (ticarcillin and clavulanic acid) across the in vitro 1595 
perfused human placenta: Comparison with other agents 


Stephen J. Fortunato, MD, Roger E. Bawdon, PhD, Kenneth F. Swan, MS, Elizabeth C. Bryant, RNC, and 
Sohrab Sobhi, BS 
New Orleans, Louisiana, and Dallas, Texas 


The placental transfer of ticarcillin and clavulanate is examined with the in vitro perfused 
human placenta; results are compared with other agents studied. 


Nitric oxide and prostacyclin inhibit fetal platelet aggregation: A 1599 
response similar to that observed in adults 

Angelique F. Varela, MD, Alice Runge, ASCP, Louis J. Ignarro, PhD, and Gautam Chaudhuri, MD, PhD 

Los Angeles, California 


Nitric oxide and prostacyclin inhibit aggregation of both fetal and maternal platelets, but 
fetal platelets are more sensitive to prostacyclin. 


Peripheral magnesium sulfate enters the brain and increases the 1605 
threshold for hippocampal seizures in rats 

Mordechai Hallak, MD, Robert F. Berman, PhD, Susan M. Irtenkauf, BS, Mark I. Evans, MD, and 

David B. Cotton, MD 

Detroit, Michigan 


Magnesium sulfate injected intraperitoneally into rats crosses the blood-brain barrier and 
concentrates in the hippocampus and cortex, which results in a central anticonvulsant effect. 
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Prenatal exposure to phenobarbital and quantifiable alterations in the 1611 
electroencephalogram of adult rat offspring 


Glenn T. Livezey, PhD, William F. Rayburn, MD, and Carl V. Smith, MD 
Omaha, Nebraska 


Prenatal phenobarbital produced dose- and sex-dependent changes in the 
electroencephalographic power spectra of the adult rat offspring, reflecting deficits in 
slow-wave sleep and learning correlates. 


Fetal catecholamine, cardiovascular, and neurobehavioral responses 1616 
to cocaine 


Kenneth Chan, MD, P. Adam Dodd, MD, Linda Day, Linda Kullama, PhD, M. Gore Ervin, PhD, 
James Padbury, MD, and Michael G. Ross, MD 
Torrance, California 


Fetal low-voltage electrocortical activity, plasma norepinephrine concentration, and systolic 
blood pressure were significantly altered after direct fetal cocaine administration. 


Fetal hemodynamic response to maternal intravenous nicotine 1624 
administration 


Kenneth E. Clark, PhD, and Glenn L. Irion, PhD 
Cincinnati, Ohio 


Nicotine administered intravenously to third-trimester pregnant sheep increased fetal arterial 
pressure and decreased fetal heart rate and umbilical blood flow but did not significantly alter 
umbilical artery systolic/diastolic ratios. 


The concentration of estrogen receptors in rabbit uterine myocytes 1631 
decreases in culture 


Yoel Sadovsky, MD, R. Kirk Riemer, PhD, and James M. Roberts, MD 
San Francisco, California 


The concentration of estrogen receptors in cultured rabbit uterine myocytes decreases by 64% 
within 9 to 14 days after dispersal. 


Myometrial contractile responsiveness to oxytocin after 1636 
dexamethasone suppression of circadian uterine activity in pregnant 
rhesus macaques during late gestation 


Charles A. Ducsay, PhD, M. Gore Ervin, PhD, Kanchan M. Kaushal, MS, and Toshihiko Matsumoto, MD 
Loma Linda and Torrance, California 


Maternal dexamethasone infusion ablated circadian uterine activity in the pregnant rhesus 
macaque, but the effect was not mediated through altered myometrial contractile sensitivity to 
oxytocin or plasma oxytocin concentrations. 
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Effect of endothelin-1 on the uterine vasculature of the pregnant and 
estrogen-treated nonpregnant sheep 

Daseng Yang, MD, and Kenneth E. Clark, PhD 

Cincinnati, Ohio 


Endothelin-1 is an extremely potent uterine vasoconstrictor in pregnant and estrogenized 
nonpregnant ewes, and uterine vascular responsiveness to endothelin-1 is decreased in 
pregnancy. 


The comparative effects of big endothelin-1, endothelin-1, and 
endothelin-3 in the human fetal-placental circulation 


Leslie Myatt, PhD, Anthony S. Brewer, BS, and Diane E. Brockman, MS 
Cincinnati, Ohio 


Big endothelin-1, endothelin-1, and endothelin-3 are vasoconstrictors in the fetal-placental 
circulation; big endothelin-1 acts after its cleavage by endothelin-converting enzyme into 
endothelin-1. 


Decrease in annexin | messenger ribonucleic acid expression in 
human amnion with labor 
David I. Lynch-Salamon, MD, William V. Everson, PhD, and Leslie Myatt, PhD 


Cincinnati, Ohio 


There is a significant decrease in both annexin I protein concentration and messenger 
ribonucleic acid expression in human amnion with labor. 


Validation of noninvasive fetal renal artery flow measurement by 
pulsed Doppler in the lamb 


Jean-Claude Veille, MD, Jorge P. Figueroa, MD, PhD, and Eberhard Mueller-Heubach, MD 


Winston-Salem, North Carolina 


Noninvasive pulsed Doppler measurements of fetal renal artery flow were compared with 
perivascular transit-time flow probe measurements; a significant correlation between the two 
methods was found. 


Effects of maternal administration of 3% carbon dioxide on umbilical 
artery and fetal renal and middle cerebral artery Doppler waveforms 


Jean-Claude Veille, MD, and Mary Penry, RN, RDMS 
Winston-Salem, North Carolina 


Pulsed Doppler velocity waveforms of the umbilical, middle cerebral, and renal artery in term 
human fetuses were obtained before and during maternal inhalation of 3% carbon dioxide gas 


mixture; only the systolic peak velocity to the end-diastolic velocity ratio of the middle 
cerebral decreased, and human fetal cerebral vascular beds are more sensitive to maternal 
hypercapnia than either the umbilical or the renal vascular bed. 
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Differential effects of intravenous hydralazine on myoendometrial and 1672 
placental blood flow in hypertensive pregnant ewes 

Stephen L. Pedron, MD, Deborah L. Reid, PhD, Jerald M. Barnard, MD, Joel B. Henry, MD, 

Terrance M. Phernetton, BS, and John H.G. Rankin, PhD 

Madison, Wisconsin 


Intravenous hydralazine administered to angiotensin II-induced hypertensive pregnant ewes 
increased total uteroplacental blood flow, decreased placental vascular resistance, and 
maintained placental blood flow. 


Angiotensin Il receptors on human fetal adrenal cells 1679 
William E. Rainey, PhD, Ian M. Bird, PhD, J. lan Mason, PhD, and Bruce R. Carr, MD 
Dallas, Texas 


Fetal human adrenal cells exhibit type 1 angiotensin II receptors, which are coupled to the 
stimulation of steroidogenesis. 


Corticotropin and cortisol responses to corticotropin-releasing factor 1686 
in the chronically hypoxemic ovine fetus 

DeWana R. Kerr, PhD, Maria I. Castro, PhD, Nancy K. Valego, PhD, Nayel M. Rawashdeh, MD, PhD, 

and James C. Rose, PhD 

Winston-Salem, North Carolina 


Mild hypoxemia at least 5 days in length does not significantly alter corticotropin and cortisol 
responses to corticotropin-releasing factor in late-gestation fetal sheep. 


Endogenous modulation of the blunted adrenergic response in 1691 
resistance-sized mesenteric arteries from the pregnant rat 


Sandra T. Davidge, MS, and Margaret K. McLaughlin, PhD 
Cincinnati, Ohio 


Prostaglandins or endothelium-derived relaxing factor do not modulate the blunted adrenergic 
vasoconstrictor response of resistance-sized mesenteric arteries in the pregnant rat. 


A unique hypertonic response to hypotonic infusion in the pregnant 1698 
ewe 

David R. Powers, MD, and Robert A. Brace, PhD 

San Diego, California 


Infusion of large volumes of mildly hypotonic fluid causes a paradoxic increase in maternal 
plasma osmolality in the pregnant ewe as a result of renal free water clearance. 


Dehydration increases the renal response to atrial natriuretic peptide 1710 
in fetal sheep 

Adam Dodd, MD, Kenneth Chan, MD, Linda K. Kullama, PhD, M. Gore Ervin, PhD, and 

Michael G. Ross, MD, MPH 

Torrance, California 


During maternal dehydration, ovine fetal plasma atrial natriuretic factor levels increase, 
probably as a result of decreased plasma atrial natriuretic factor clearance, and the fetal renal 
responsiveness to atrial natriuretic factor infusion increases. 
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Ovine maternal and fetal renal vasopressin receptor response to 1717 
maternal dehydration 

Linda K. Kullama, PhD, Michael G. Ross, MD, Robert Lam, Rosemary D. Leake, MD, 

M. Gore Ervin, PhD, and Delbert A. Fisher, MD 

Torrance, California 


Ovine maternal and fetal (113 days’ gestation) renal arginine vasopressin receptor 
characteristics are similar; receptors do not down-regulate in response to dehydration-induced 
elevations in plasma arginine vasopressin levels. 


Indomethacin-induced urinary flow rate reduction in the ovine fetus is 1723 
associated with reduced free water clearance and elevated plasma 

arginine vasopressin levels 

Martin P.R. Walker, BM, BS, Thomas R. Moore, MD, Cecilia Y. Cheung, PhD, and 

Robert A. Brace, PhD 

San Diego, California 


Indomethacin given to the ovine fetus in doses simulating known cord blood indomethacin 
levels in human beings caused a sustained decrease in fetal urinary output and free water 
clearance and an increase in plasma arginine vasopressin levels. 


Amniotic fluid composition changes during urine drainage and 1732 
tracheoesophageal occlusion in fetal sheep 
Pong Rheem Jang, MD, PhD, and Robert A. Brace, PhD 


San Diego, California 


Simultaneous urine drainage and tracheoesophageal occlusion in fetal sheep uncovered a rapid 
loss of water from the amniotic fluid as reflected by increases in amniotic osmolality and 
electrolyte concentrations. 


Rapid intramembranous absorption of water infused into the ovine 1742 
allantoic cavity 

William M. Gilbert, MD 

San Diego, California 


An infusion of distilled water into the ovine allantoic cavity resulted in rapid absorption of 
water into the fetal circulation through the intramembranous pathway. 


Vascularization of the ovine amnion and chorion: A morphometric 1747 
characterization of the surface area of the intramembranous pathway 
Robert A. Brace, PhD, William M. Gilbert, MD, and Kent L. Thornburg, PhD 


La Jolla, California, and Portland, Oregon 


After infusion of silicone rubber into the umbilical arteries of fetal sheep, morphometric 
analysis of the vascular casts revealed that approximately 20% and 50% of the surface area of 
the ovine amnion and chorion, respectively, are covered by microscopic blood vessels. 


Increased lymphatic pumping ability in pregnant ewes 1756 
Guillermo J. Valenzuela, MD, Samuel Cheshier, Gabriel Hunt, and Ramona Hunt 
Loma Linda, California 


In the pregnant ewe the lymphatic system has an increased ability to maintain a stable lymph 
flow rate when outflow pressure is increased. 
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Prediction of fertilization in vitro with human gametes: Is there a litmus 1760 
test? 


Sergio Oehninger, MD, James Toner, MD, PhD, Suheil J. Muasher, MD, Charles Coddington, MD, 
Anibal A. Acosta, MD, and Gary D. Hodgen, PhD 
Norfolk, Virginia 


Hemizona assay results and sperm morphology (strict criteria) can be used prospectively in 
the clinical setting to anticipate in vitro fertilization outcome in couples with male infertility. 


Gonadotropins enhance HLA-DR antigen expression in human 1768 
granulosa cells 

George F. Tidey, MD, Lawrence M. Nelson, MD, Terry M. Phillips, PhD, and Robert J. Stillman, MD 
Washington, D.C. 


Follicle-stimulating hormone and human chorionic gonadotropin act synergistically with 
interferon gamma to enhance HLA-DR expression in human granulosa cells. 


A human endometrial explant system: Validation and potential 1774 
applications 

Donald J. Dudley, MD, Harry H. Hatasaka, MD, D. Ware Branch, MD, Elizabeth Hammond, MD, 

and Murray D. Mitchell, DPhil 

Salt Lake City, Utah 


An approach to the culture of human endometrium is described and validated, and potential 
applications are reported. 


Effects of chronic nocturnal opiate antagonism on the menstrual cycle 1780 
Robert G. Brzyski, MD, PhD, Amabel Viniegra, MD, and David F. Archer, MD 
Norfolk, Virginia 


Opiate antagonist treatment of normal women throughout the follicular phase induced no 
alterations in folliculogenesis, hormone levels, or luteal function. 


Cocaine impairs gonadotropin secretion in oophorectomized monkeys 1785 
Melin S. Cafiez, MD, Mary H. Samuels, MD, Michael F. Luther, MS, Thomas S. King, PhD, 

and Robert S. Schenken, MD 

San Antonio, Texas 


Cocaine impairs basal, but not gonadotropin-releasing hormone-stimulated, luteinizing 
hormone, and follicle-stimulating hormone secretion in oophorectomized monkeys. 


Absence of the testicular determining factor gene SRY in XX true 1794 
hermaphrodites and presence of this locus in most subjects with 

gonadal dysgenesis caused by Y aneuploidy 

Sandra P.T. Tho, MD, Lawrence C. Layman, MD, Kenneth D. Lanclos, PhD, Leo Plouffe, Jr., MD, 

J. Rogers Byrd, PhD, and Paul G. McDonough, MD 

Augusta, Georgia 


The testicular determining factor gene SRY is absent in all five 46,XX true hermaphrodites; 
the gene was present in 22 of the 24 individuals with 45,X/46,XY gonadal dysgenesis. 
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Increased risk for polycystic ovary syndrome associated with human 1803 
leukocyte antigen DQA1*0501 

Carole Ober, PhD, Stacie Weil, MD, Thomas Steck, MD, Chris Billstrand, BS, Seth Levrant, MD, 

and Randall Barnes, MD 

Chicago, Illinois 


An increased frequency of the human leukocyte antigen DQA1*0501 allele in women with 
polycystic ovary syndrome suggests that a human leukocyte antigen-linked locus confers 
genetic susceptibility to polycystic ovary syndrome. 


Does ethnicity influence the prevalence of adrenal hyperandrogenism 1807 
and insulin resistance in polycystic ovary syndrome? 

Enrico Carmina, MD, Takao Koyama, MD, Lilly Chang, MD, Frank Z. Stanczyk, PhD, and 

Rogerio A. Lobo, MD 

Palermo, Italy, Tokyo, Japan, and Los Angeles, California 


In comparing patients with polycystic ovary syndrome from the United States, Italy, and 
Japan, obesity and hirsutism were infrequent findings in Japanese women, but all other 
parameters were similar, including adrenal androgen excess and insulin resistance. 


Lipoprotein abnormalities in hirsute women: ll. Compensatory 1813 
responses of insulin resistance and dehydroepiandrosterone sulfate 

with obesity 

Robert A. Wild, MD, Petar Alaupovic, PhD, James R. Givens, MD, and Ivy J. Parker, RN 


Memphis, Tennessee 


Obesity aggravates insulin resistance in hirsute women and dehydroepiandrosterone sulfate 
secretion or action may be compensatory; this may be reflected in lipid and apolipoprotein 
profiles. 


Increased circulating levels of immunoreactive 6-endorphin in 1819 
polycystic ovary syndrome is not caused by increased pituitary 

secretion 

Enrico Carmina, MD, Edward C. Ditkoff, MD, Graziella Malizia, MD, Ariel G. Vijod, MS, 

Alberto Janni, MD, and Rogerio A. Lobo, MD 

Palermo, Italy, and Los Angeles, California 


Elevated levels of immunoreactive -endorphin were investigated in polycystic ovary 
syndrome; after corticotropin-releasing hormone adrenal androgens increased but no changes 
in immunoreactive -endorphin or luteinizing hormone occurred, and after oral glucose 
immunoreactive -endorphin increased significantly. 


Increased bioactive luteinizing hormone levels in postmenopausal 1825 
women with endometrial cancer 

Manubai Nagamani, MD, Mark G. Doherty, MD, Edward R. Smith, PhD, and 

Yallampalli Chandrasekhar, PhD 

Galveston, Texas 


There is increased secretion of bioactive LH in postmenopausal women with endometrial 
cancer and this could lead to an increase in ovarian androgen production. 
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Behavioral stress responses in premenopausal and postmenopausal 1831 
women and the effects of estrogen 

Steven R. Lindheim, MD, Richard S. Legro, MD, Leslie Bernstein, PhD, Frank Z. Stanczyk, PhD, 

Marcela A. Vijod, BS, and Rogerio A. Lobo, MD 

Los Angeles, California 


Postmenopausal and premenopausal responses to evoked stress differ; increased responses in 
postmenopausal women may be blunted by estrogen. 


Aldose reductase inhibition prevents galactose-induced ovarian 1837 
dysfunction in the Sprague-Dawley rat 

William R. Meyer, MD, Michael B. Doyle, MD, Jamie A. Grifo, MD, PhD, Kenneth J. Lipetz, PhD, 

Peter J. Oates, PhD, Alan H. DeCherney, MD, and Michael P. Diamond, MD 

New Haven and Groton, Connecticut, and Bethesda, Maryland 


Galactose-induced ovarian dysfunction, which may be the result of excess flux through aldose 
reductase or an increased intraovarian galactitol concentration, was reduced by the 
administration of an aldose reductase inhibitor. 


Immunologic tests in the evaluation of reproductive disorders: A 1844 
critical review 

Carolyn B. Coulam, MD 

Fairfax, Virginia 


Histocompatibility antigen sharing does not predict pregnancy outcome; the presence of 
lymphocytotoxic antibody and mixed lymphocyte culture inhibitors are a function of the 
number and duration of pregnancies. 


Photodynamic therapy of human ovarian epithelial carcinoma, 1852 
OVCAR-3, heterotransplanted in the nude mouse 


C. Matthew Peterson, MD, Robert Reed, MS, Christopher J. Jolles, MD, Kirtly Parker Jones, MD, 
Richard C. Straight, PhD, and A. Marsh Poulson, MD 
Salt Lake City, Utah 


Photodynamic ablation of human ovarian carcinoma in an athymic nude mouse model is 
demonstrated. 


Endometrial ablation by means of photodynamic therapy with photofrin 1856 
II 


Nayantara Bhatta, MD, R. Rox Anderson, MD, Thomas Flotte, MD, Isaac Schiff, MD, 
Tayyaba Hasan, PhD, and N.S. Nishioka, MD 
Boston, Massachusetts 


Endometrium preferentially retains photofrin II over myometrium; thus it was possible to 
destroy the endometrium and preserve the myometrium by photodynamic therapy with 
photofrin II in the rabbit uterus. 
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Keep You There. 


In offices, clinics and hospitals worldwide, 
Siemens Quantum is changing the way 
doctors look at their patients. 

Our imaging systems and state-of-the-art 
diagnostics are pushing the limits of ultra- 
sound. Providing more and better information 


at every level. Performing more types of obstet- 


ric and gynecologic studies than ever before. 

The Siemens Quantum alliance joins 
two powerful forces: Siemens, the world’s 
largest medical imaging company, and 
Quantum, a pioneer and technological leader 
in ultrasound. 

Together, we're committed to maintain- 
ing our leading edge. Which means keeping 
our systems—and our customers—at the 
forefront of diagnostic imaging. 


The Siemens 
SONOLINE* 
SI-200 & 250 
are versatile, 
affordable, 

` compact and 
easy to use. 





And they come with the most advanced, 
multi-frequency, patient-friendly endovaginal 
probe on the market. 

The Siemens SONOLINE' SI-450 offers 
superb image quality and a comprehensive 
set of reports and measurement packages. 

For complete transabdominal, endovaginal 
and spectral Doppler capabilities, there's no 
better equipment for the price. 


The Quantum 2000 is a high-performance, 
high-end, all-purpose system that’s unsur- 
passed for high-definition gray scale and 
ultra-sensitive color flow. Its advanced tech- 
nology lets you see subtle differences in 
tissue, accurately image the tiniest flows, 
and detect even the smallest details at depth. 
To receive more information on Siemens 
Quantum ultrasound systems, call 1-800- 
367-3569, fax (206) 391-9161, or 
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1040 12th 
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Issaquah, 
WA 98027 


Siemens Quantum, Inc. 
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Quantitation of tumor necrosis factor-a, interleukin-18, and 1864 
interleukin-6 in the effusions of ovarian epithelial neoplasms 


William H. Kutteh, MD, PhD, and Carol C. Kutteh, MD 
Dallas, Texas 


The multifunctional cytokines tumor necrosis factor-a, interleukin-1(, and interleukin-6 were 
detected in the cyst and ascites fluids of patients with ovarian epithelial cancer. 


Divergent effects of taxol on tumor necrosis factor-a—mediated 1870 
cytolysis of ovarian carcinoma cells 
Sybilann Williams, MD, David G. Mutch, MD, Ling Xu, MD, and John Leslie Collins, PhD 


St. Louis, Missouri 


Taxol affects the ability of tumor necrosis factor-a to cause cytolysis of human ovarian 
carcinoma cells. 


The effect of interferon gamma on epidermal growth factor receptor 1877 
expression in normal and malignant ovarian epithelial cells 

Matthew P. Boente, MD, Andrew Berchuck, MD, Gustavo C. Rodriguez, MD, Andrew Davidoff, MD, 

Regina Whitaker, BS, Feng Ji Xu, MD, Jeffrey Marks, PhD, Daniel L. Clarxe-Pearson, MD, and 

Robert C. Bast, Jr., MD 

Durham, North Carolina 


Interferon gamma increases epidermal growth factor receptor expression in ovarian cancer cell 
lines but not in normal ovarian epithelial cells. 


Telomere reduction in endometrial adenocarcinoma 188¢ 
Julie K. Smith, PhD, and George Yeh, BA 
Philadelphia, Pennsylvania 


Deoxyribonucleic acid from endometrial adenocarcinoma tissue has a reduced number of 
telomeric repeats as compared with deoxyribonucleic acid from adjacent normal tissue. 


Culture characteristics of human endometrial glandular epithelium 188€ 
throughout the menstrual cycle: Modulation of deoxyribonucleic acid 

synthesis by 17 G-estradiol and medroxyprogesterone acetate 

Paul B. Marshburn, MD, Judith R. Head, PhD, Paul C. MacDonald, MD, and M. Linette Casey, PhD 


Dallas, Texas 


17 B-estradiol did not stimulate and medroxyprogesterone acetate inhibited deoxyribonucleic 
acid synthesis in isolated human endometrial glands cultured on extracellular matrix. 


6-Carotene levels in exfoliated cervicovaginal epithelial cells in 1895 
cervical intraepithelial neoplasia and cervical cancer 
Prabhudas R. Palan, PhD, Magdy S. Mikhail, MD, Jayasri Basu, PhD, and Seymour L. Romney, MD 


Bronx, New York 


8-Carotene levels in exfoliated cervicovaginal epithelial cells were significantly decreased in 
women with cervical intraepithelial neoplasia and cervix cancer. 
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Factors influencing the exfoliation of cervicovaginal epithelial cells 1904 
Jayasri Basu, PhD, Magdy S. Mikhail, MD, Prabhudas R. Palan, PhD, 

Patricia H. Payraudeau, MD, PhD, and Seymour L. Romney, MD 

Bronx, New York 


Smoking and cervical intraepithelial neoplasia are independently involved in increasing the 
exfoliation of cervicovaginal epithelial cells. 
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to approximately 500 words in manuscript. Thus, if a greater number of illustrations and tables 
is used, the length of the text should be adjusted accordingly. 





Council of Biology Editors Style Manual or the AMA’s 
Manual of Style. Abbreviations in the title are not accept- 
able. They should be avoided, if possible, in the abstract. In 
the text they should be kept to a practical minimum. The 
full term for which an abbreviation stands should precede 
its first use in the text unless it is a standard unit of mea- 
surement. 

Either the generic, chemical, or proprietary names of 
drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the name 
of the manufacturer and city and state. 

Regular articles are customarily organized into the 
following sections: an introduction and headings that 
identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 
rationale for the study and cite only the most pertinent 
references as background. 

In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to repeat the 
study) the plan, the patients, experimental animals or other 
species, material, and controls, the methods and procedures 
utilized, and the statistical method(s) employed. 

In the Results section present the detailed findings. In- 
clude mentions of all tables and/or figures. Figures and 
tables should supplement, not duplicate, the text; presen- 
tation of data in either one or the other will suffice. Em- 
phasize only your important observations; do not compare 
your observations with those of others. Such comparisons 
and comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgments. Acknowledge only persons who 
have made substantive contributions to the study. 

References. A reasonable number (25) is allowed, ex- 
cept in case reports and brief communications (limited to 2) 
and in manuscripts for the Current Development section 
(for which there is no limit). Number references consecu- 
tively in the order in which they are mentioned in the text. 
Use the format of the “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals” (Vancouver 
style) (N Engl J Med 1991;324:424-8). Journal titles 
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should conform to abbreviations used in Cumulated Index 
Medicus. 


Examples (if six or fewer authors, list all; if seven or 
more authors, list three then et al.): 


JOURNAL: Flamm BL, Dunnett C, Fischermann E, Quil- 
ligan EJ. Vaginal delivery following cesarean section: use 
of oxytocin augmentation and epidural anesthesia with 
internal tocodynamic and internal fetal monitoring. AM 
J OBSTET GYNECOL 1984;148:759-63. 


Books: Ledger WJ. Dystocia and prolonged labor. In: 
Wilson JR, Carrington ER, eds. Obstetrics and gynecol- 
ogy. St. Louis: CV Mosby, 1987 vol 8:474-93. 


Personal communications and unpublished data, if 
essential, may be used but not as numbered references. If 
they are used, they are to be referred to, within parenthe- 
ses, at the appropriate location in the text. If used, the 
author(s) must obtain written and signed permission for 
their use from the individual being quoted. This signed 
permission must accompany the manuscript when it is 
submitted to the Editor. Published abstracts can be used as 
numbered references; however, reference to the complete 
published article is preferred. 

Figures. The term figure includes all types of illustra- 
tions such as graphs, diagrams, photographs, flow charts, 
and line drawings. A reasonable number of figures will be 
reproduced without charge, but special arrangements must 
be made with the Editors for color figures at an additional 
charge to the author. The quoted charge is per page of color, 
and as many as eight color figures can be included on one 
page if the color balance is appropriate. 

Figures must be cited consecutively in the text in Arabic 
numerals and identified with a gummed label on the back 
of the figure with author(s) name(s), title of article, figure 
number, and top marked clearly. Consistency in size within 
the article is strongly preferred. Any special instructions 
regarding sizing should be clearly noted. Do not use paper 
clips or mar the surface of figures in any way. Figures will 
be returned only on request by the author. 

For black-and-white figures, submit three sets of 3 X 4 
inch (minimum) to 5X7 inch (maximum) unmounted, 
glossy prints. All lettering must be done with commercially 
available paste-on letters (or numbers) or by a professional; 
typed or freehand lettering is not acceptable. All lettering 
must be in proportion to the drawing, graph, or photograph. 
Original drawings, appropriately done in black India ink, 
roentgenograms, and other material must be submitted 
as glossy prints with good black-and-white contrast. 


For color figures submit original transparencies and two 
sets of unmounted prints on glossy (smooth surface) paper. 
Polaroid prints are not acceptable. Color transparencies 
must have a color balance (consistency in lighting and film 
speed) that is acceptable to the author and Editors before 
acceptance for publication. Please note that 35 mm trans- 
parencies are enlarged to twice their original size. If it is 
important to deviate from this standard, please so indicate 
when the material is submitted. The top, first author’s last 
name, and figure number must be indicated on the front of 
each transparency and the back of each print. 

Computer-generated figures must be legible and clearly 
printed in jet black ink on heavy coated paper with either 
a glossy or dull finish. Any patterns or shadings must be 
dark enough for reproduction and must be distinguishable 
from each other. Lines, symbols, and letters should be both 
smooth and complete. The legend should not appear on the 
figure. On the back of each figure the name of the first 
author and the figure number should be given and the top 
indicated. Three original individual laser or plotter prints 
are to be submitted unmounted with the manuscript. Laser 
prints should be full size at 300 dots per inch (DPI) or 
greater full-page resolution; multiple illustrations on a page 
cannot be accepted. Dot matrix prints and photographic 
halftones are not acceptable. Color figures are acceptable, 
but special arrangements must be made with the Editors. 
The colors used must be dark enough and of sufficient 
contrast for reproduction. With the exception of fluorescent 
colors, all colors can be reproduced in four-color figures. The 
preparation and submitting of color prints should fol- 
low the preceding guidelines for black-and-white computer- 
generated illustrations. 

Legends to figures. Legends for all figures must be 
typed together in numeric order double-spaced on one sheet 
of paper (or more if necessary) separate from the text of the 
manuscript. This page must be numbered in sequence after 
the references. Titles should be included in the legend, not 
on the print. Original magnifications should be provided. If 
a figure has been taken from copyrighted material, the 
legend must give full credit to the original source. 

Tables. Tables should be typed on separate sheets of 
paper, one table ‘to a page, and included at the end of the 
text. They should be numbered in Roman numerals. Each 
table must be cited in sequence at an appropriate point in 
the text. Titles should be brief yet indicate clearly the pur- 
pose or content of each table, and each column should be 
precisely defined by headings. Abbreviations and special 
designations should be explained in a footnote to the table. 
If a table or any part thereof has been taken from copy- 
righted material, a footnote to the table must give full credit 
to the original source. Arrangements must be made with the 
Editors for elaborate tables because of space limitations. 

Permissions. Direct quotations, tables, or figures that 
have appeared in copyrighted material must be accompa- 
nied by written permission for their use from the copyright 
owner and original author along with complete reference 
information. Photographs of identifiable persons must be 
accompanied by signed releases. If not, all recognizable 
features must be masked. 

Requirements for certain types of manuscripts 

Case reports and brief clinical and basic science 
communications. Limit of 700 words, 2 references. In- 
clude standard abstract format, of 50 words maximum, 3 to 
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5 key words/phrases for indexing purposes, and short title. 
If tables and/or figures are used, an equivalent number of 
words must be deducted from the total (see “Estimating 
Length of Manuscript”). 

Clinical Opinion. Limit of 3000 words. Include stan- 
dard abstract format of 50 to 150 words, 3 to 5 key words / 
phrases, and short title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
standard abstract format of 50 to 150 words, 3 to 5 key 
words/phrases, and short title. Submit to Dr. Zuspan. 

Letters to the Editors. Letters to the Editors must be 
submitted in duplicate, typed double-spaced, and the text ol 
the manuscript must be limited to a maximum of 400 words 
(excluding references, name[s] and address[es] of the sign- 
er[s], and the phrase “To the Editors”). The submitted 
Letter to the Editors must be accompanied by a signed 
copyright statement. If there are two or more signers of the 
Letter to the Editors, one of the authors may sign the 
copyright statement but must add to the statement the 
following: “I sign for and accept responsibility for releasing 
this letter on behalf of any and all cosigners.” These re- 
quirements apply to all types of Letters to the Editors 
Letters should be sent to Dr. Zuspan. 

Two types of letters will be considered for publication. (1) 
A Letter to the Editors commenting on an article that has 
appeared in the JOURNAL should be brief and directly re- 
lated to the published article. The editorial staff reserves the 
right to shorten letters if necessary and to make minor 
editorial alterations without reference to the writer. Letter: 
may be published together with a reply from the origina’ 
author. If the original author does not respond, a notatior 
indicating “Response declined” will be published. As space 
for letters is limited, only a selection of letters submittec 
may be published. (2) A brief case presentation or a shor! 
report of a pertinent observation in the form of a Letter tc 
the Editors will be considered for publication. 

Announcements. Announcements of major meeting: 
and other significant activities must be received at least € 
weeks before the desired month of publication. All an- 
nouncements carry a charge of $60 U.S., and the fee mus! 
accompany the request to publish. Information will be lim- 
ited to title of meeting, date, place, and an address to obtair 
further information. Send announcements and payment 
payable to this JOURNAL, to Kay G. Goehler, Senior Manu 
script Editor, Journal Editing, Mosby-Year Book, Inc. 
11830 Westline Industrial Drive, St. Louis, MO 63146: 
3318. 

Books. Books received will be listed in the JOURNAL 
They should be sent to Dr. Zuspan. No books will be re 
turned. 

Reprints 

The corresponding author will receive a price schedul 
and order form at the time of publication. Reprints ir 
quantities must be ordered from the Publisher with th 
author’s consent. 
Business communications 

Communications of a business nature and all advertisin; 
communications should be addressed to: Journal Publisher 
Mosby-Year Book, Inc., 11830 Westline Industrial Drive 
St. Louis, MO 63146-3318, or call Journal Advertisin; 
Production Manager (1-800-325-4177, ext. 4306, or 314 
453-4306). 


CHECKLIST AND COPYRIGHT STATEMENT 


Both the checklist and the copyright statement forms must be completed and sent with each 
submitted manuscript. If not completed, these forms will be returned to the author for com- 


pletion. 


These items appear in each monthly issue of the JOURNAL. A photocopy may be used. An 
exposition of the requirements given in the checklist is in the Information for Authors, which 


is published in each issue of the JOURNAL. 


CHECKLIST 


General 

—The original and two copies of the manuscript are sub- 
mitted. 

—The completed checklist is enclosed. The assignment of 
copyright signed by all authors accompanies the manu- 
script. 

—Human experimentation has been approved by the local 
institution as stated in the Material and Methods section. 

—Guidelines for the care and use of nonhuman animals or 
other species approved by the institution have been fol- 
lowed as indicated in the Material and Methods section. 
The species is named in the title, abstract, key words, and 
Material and Methods section. 

—The covering letter with essential information is with the 
manuscript. 

—All elements of the manuscript are typed in English dou- 
ble-spaced on bond paper with l-inch margins at top, 
bottom, and sides. 

—AIll pages are numbered in the following order: title page, 
condensation, structured or standard abstract, body of 
the text, acknowledgments only of persons who have 
made substantive contributions to the study, references, 
legends, and tables. 

—Signed, written permission from both the copyright 
holder and the original author for the use of tables, fig- 
ures, Or quotations previously published and their com- 
plete references are enclosed with the manuscript. 

—Signed, written permission for the use of quotations of 
personal communications and unpublished data has been 
obtained from the person(s) being quoted and is enclosed. 


Authorship 

—In the covering letter that accompanies the submitted 
manuscript I/we have confirmed that all authors fulfilled 
both conditions required for authorship. 


Conflict of interest 

—In the covering letter that accompanies the submitted 
manuscript the commercial association of the author or 
of any coauthors that might pose a conflict of interest is 
described. 


Previous publications 

—Enclosed with the submitted manuscript are two reprints 
each of articles the author and/or some of the coauthors 
have previously published, have submitted for possible 
publication, or have in manuscript form dealing with 
same patients, same animals, same laboratory experi- 
ment, or same data, in part or in full, as those reported 
in the submitted manuscript. Further explanation is pro- 
vided in the covering letter that accompanies the sub- 
mitted manuscript. 

—Similarities, differences and explanation are provided in 


27A 


the covering letter that accompanies the submitted 
manuscript. 


Reviewers 
—Names and addresses of three suggested reviewers are 
enclosed. 


Title page 

—These elements are given in the following sequence, and 
are typed double-spaced. 

—Title. 

—Author(s) name(s) and highest academic degree(s) are 
shown. 

—City(ies), state(s), and country other than United States 
in which the study was conducted are given. 

—The name(s) of the institution(s) section(s), division(s), 
department(s) in which the study was performed is pro- 
vided and the institutional affiliation(s) of the author(s) 
at the time of the study is indicated. 

—Acknowledgment of financial support is cited. 

—Name, address, business and home telephone numbers, 
and fax number of author to whom requests for reprints 
are to be sent are included. i 

—lIf reprints will not be available, this has been stated on 
the title page. 

—If the corresponding author is different from the author 
to whom reprint requests are to be sent, his/her name, 
address, business and home telephone numbers, and fax 
number have been added. 

—At the bottom of the page, a running head not exceed- 
ing 52 characters (including word spaces) has been typed. 


Condensation 

—On a separate sheet of paper, page 2 of the manuscript, 
a single sentence limited to 25 words delineating the 
essential point(s) is typed double-spaced. 


Abstract and key words or short phrases 

—The abstract (structured or standard format) is typed 
double-spaced with required margins on page 3 headed 
by the title and author(s) name(s). Beneath the abstract 
3 to 5 key words or short phrases are typed. 

—A structured abstract, with 150 words or less, is submit- 
ted as required for regular articles and society regular- 
type articles. The abstract contains the four required 
major headings: Objective(s), Study Design, Results, 
and Conclusion(s), each with a brief adequate presen- 
tation. 

—A standard abstract is submitted as required for Clinical 
Opinion and Current Development articles with 50 to 150 
words and for case reports and brief communications 
articles with a maximum of 50 words, be they indepen- 
dent or society articles. 


References 

—Are typed double-spaced. 

—Are numbered consecutively in the order they are cited 
in the text. 

—The format of the “Uniform Requirements for Manu- 
scripts Submitted to Biomedical Journals” is used. Ex- 
amples shown in Information for Authors have been fol- 
lowed. 

—Personal communications and unpublished observations 
are not used as numbered references but are mentioned 
in the text with the written approval of the person being 
quoted. The signed approval is enclosed. 


Figures 

—Each is numbered with an Arabic numeral and cited in 
numeric sequence in the text. 

—Three sets of unmounted glossy prints for black-and- 
white figures are submitted, properly numbered, labeled, 
and top indicated on the back of each print. 


—Three sets of original computer-generated figures printed 
on heavy coated paper with either a glossy or dull finish, 
unmounted, each one on a page, and properly labeled on 
the back and top indicated are submitted. None are dot 
matrix or photographic prints. 

—Original transparencies of color photographs appropri- 
ately numbered and identified and top indicated are sub- 
mitted along with two sets of unmounted prints on glossy 
paper, numbered and identified on the back. 


Figure legends 

—Are provided for each figure. 

—Are numbered and typed together in numeric order on 
one sheet of paper (more if necessary). The page is num- 
bered in sequence after the References page(s). 


Tables 

—Each table headed by a title and numbered in Ro- 
man numerals is typed double-spaced on a separate page 

—Tables are cited in numeric sequence in the text. 


AMERICAN JOURNAL OF OBSTETRICS AND GYNECOLOGY 


COPYRIGHT STATEMENT 


Must be signed by ALL authors 


“The undersigned author(s) transfers all copyright ownership of the manuscript entitled 


to Mosby-Year Book, Inc., in the event the work is published. The undersigned author(s) warrants that the 
article is original; is not under consideration by another publication; and its essential substance, tables, or 
figures have not been previously published. This restriction does not apply to abstracts or press reports 
published in connection with scientific meetings. The author(s) confirms the final manuscript has been read 
and each author’s contribution has been approved by the appropriate author.” 


The responsible author(s) must be named 


(Type name) 


Signature 


Each author’s name must be typed underneath the signature. 
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IT’S MORE THAN AN AD. 
IT’S AN INVITATION 
TO TALK TO YOU. 


New awareness campaign raises questions 
only you can answer. 


They’re reading about the NORPLANT SYSTEM in magazines and 
hearing about it on TV. Soon they’ll be asking you about it. 


The NORPLANT SYSTEM is one of the most innovative forms of birth 
control ever developed. It is long term, highly effective and reversible. 
The most common side effect that has been observed is menstrual 
i bleeding irregularities. The NORPLANT SYSTEM is being well 
accepted by American women. To help increase your patients’ awareness 
about the NORPLANT SYSTEM, we have developed a new program 
that addresses common questions and highlights your role in the 
contraceptive decision-making process. A copy of the ad your patients 
may have seen is featured below. 












To find out more about this new program, contact your Wyeth-Ayerst 
representative. 
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THE REVERSIBLE FIVE-YEAR CONTRACEPTIVE. 


Worldwide Leadership W WYETH-AYERST 


in Female Healthcare . PAAS PA TAIAT 


Please see following page for brief summary of prescribing information. 


WY 
RPLANT SYSTEM 


levonorgestrel implants 
Lasts five years...yet is reversible 


BRIEF SUMMARY OF PRESCRIBING INFORMATION. CONSULT THE PACKAGE LITERATURE FOR 
FULL PRESCRIBING INFORMATION. 

Indications and Usage 

The NORPLANT SYSTEM is indicatec for the prevention of pregnancy and is a long-term (up to 
5 years) reversible contraceptive system. The capsules should be removed by the end of the Sth 
year. New capsules may be inserted at that time if continuing contraceptive protection is desired. 
Contraindications 

1. Active thrombophlebitis or thromboembolic disorders. 2. Undiagnosed abnormal genital 
bleeding. 3. Known or suspected pregnancy. 4. Acute liver disease; benign or malignant liver 
tumors. 5. Known or suspected carcinoma of the breast. 

Warnings 

A. WARNINGS BASED ON EXPERIENCE WITH THE NORPLANT SYSTEM 





1. Bleeding Irregularities — Most women can expect some variation in menstrual bleeding patterns. 
Irregular menstrual bleeding, intermenstrual spotting, prolonged episodes of bleeding and spotting, 


and amenorrhea may occur, and could mask symptoms of cervical or endometrial cancer. Overall, 
these irregularities diminish with continued use. Because amenorrhea may occur, missed 
menstrual periods cannot serve as the only identifier of early pregnancy. Perform pregnancy tests 
whenever pregnancy is suspected. If pregnancy occurs, the capsules must be removed. 
Hemoglobin concentrations found in clinical trials generally indicated that reduced menstrual blood 
loss is associated with NORPLANT SYSTEM use. Blood loss resulting in hemoglobin values 
consistent with anemia occurred rarely. 

2. Delayed Follicular Atresia — Atresia of the follicle is sometimes delayed, resulting in enlarged 
follicles that are clinically indistinguishable from ovarian cysts. In the majority of women, enlarged 
follicles disappear spontaneously. Rarely, they twist or rupture and surgical intervention may be 
required. 

3. Ectopic Pregnancies — Ectopic pregnancies have occurred among NORPLANT SYSTEM users, 
although clinical studies have shown no increase in the rate of ectopic pregnancies per year among 
NORPLANT SYSTEM users as compared with users of no method or of IUDs. The incidence among 
NORPLANT SYSTEM users (1.3 per 1000 woman-years) was significantly below the rate estimated 
for noncontraceptive users in the U.S. (2.7 to 3.0 per 1000 woman-years). Ectopic pregnancy risk 
may increase with duration of NORPLANT SYSTEM use and increased weight of the user. Rule out 
ectopic pregnancy in any patient presenting with lower-abdominal pain. 

4. Breast-feeding — Steroids are not the contraceptives of first choice for lactating women. 
Levonorgestrel has been identified in breast milk. Limited data suggests no significant effects on 
infant growth or health when mothers used the NORPLANT SYSTEM beginning 6 weeks after 
parturition. 

5. Foreign-body Carcinogenesis — Rarely, cancers occur at foreign-body intrusion sites or old 
scars. None has been reported in NORPLANT SYSTEM Clinical trials and risk to users is judged to 
be minimal. 

6. Thromboembolic Disorders — Remove capsules if active thrombophlebitis or thromboembolic 
disease develops. With prolonged immobilization removal should be considered. 

B. WARNINGS BASED ON EXPERIENCE WITH COMBINATION (PROGESTIN PLUS ESTROGEN) 
ORAL CONTRACEPTIVES (OCs) 

Note: Many of the side effects or risks listed below are thought to be estrogen-related; the 
association of the NORPLANT SYSTEM progestin-only method to these risks is unknown. 

1. Cigarette Smoking — Cigarette smoking increases the risk of serious cardiovascular side effects 
from combined OC use. Risk increases with age and heavy smoking (215 cigarettes/day) and is 
quite marked in women over 35 years old. 

2. Elevated Blood Pressure — Increase in blood pressure has been reported in combination OC 
users; prevalence increases with long exposure. 

3. Thromboembalic Disorders and Other Vascular Problems — An increased risk of 
thromboembolic and thrombotic disease is associated with combination OC use. Estimate of 
relative risk is 4- to 11-fold higher for users vs. nonusers. 

Cerebrovascular Disorders: Combination OCs increase the relative and attributable risk of 
cerebrovascular events (thrombotic and hemorrhagic strokes). Generally, risk is greatest among 
hypertensive women > 35 years of age who smoke. 

Myocardial Infarction (MI): An increased risk of MI has been attributed to combined OC use. This is 
thought to be primarily thrombotic in origin and related to the estrogen component. Increased risk 
occurs primarily in smokers or women with other underlying risk factors for coronary-artery 
disease. Relative risk of heart attack for combined OC users is estimated as 2 to 6 times that for 
nonusers. Absolute risk is very low for women under 30 years old. 

Studies indicate a significant trend toward higher MI and stroke rates with increased progestin 
doses in combination OCs. However, recent data indicated no increased MI risk with past use of 
levonorgestrel-containing OCs. 

4. Carcinoma — Recent evidence in the literature suggests no association between OC use and 
increased risk of breast cancer in the overall population of users. The Cancer and Steroid Hormone 
(CASH) study also showed no latent effect on breast cancer risk for at least a decade following 
long-term use. Some of these same studies have shown an increased relative risk of breast cancer 
in certain subgroups; no consistent pattern has been identified. Some studies suggest an 
association between combination OCs and an increase in the risk of cervical intra-epithelial 
neoplasia in some populations of women. The extent to which such findings may be due to 
differences in sexual behavior and other factors remains controversial. A cause-and-effect 
relationship between combined OC use and breast or cervical cancer has not been established. 
Combination OCs may decrease ovarian and endometrial cancer risk. Irregular bleeding patterns 
associated with NORPLANT SYSTEM use could mask cervical or endometrial cancer symptoms. 
5. Hepatic Tumors — Hepatic adenomas are associated with combination OC use; estimated 
incidence is 3 events per 100,000 users per year. Risk increases after 4 or more years of use. 
Hepatic adenomas are benign but may rupture and cause death through intra-abdominal 
hemorrhage. 

6. Ocular Lesions — Retinal thrombosis is associated with OC use and is believed to be related to 
the estrogen component. However, NORPLANT SYSTEM capsules should be removed if there is 
unexplained partial or complete vision loss; onset of proptosis or diplopia; papilledema; or retinal 
vascular lesions. Undertake appropriate diagnostic and therapeutic measures immediately. 

7. Use Before or During Early Pregnancy — Extensive epidemiological studies reveal no increased 
risk of birth defects when OCs are used prior to pregnancy. Studies also do not suggest a 
teratogenic effect when taken inadvertently during early pregnancy No evidence suggests that risk 
with NORPLANT SYSTEM use is different. 
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8. Gallbladder Disease — Early studies reported an increased lifetime relative risk of gallbladder 
surgery in OC or estrogen users. More recent studies, however, indicate that the relative risk of 
gallbladder disease with OC use may be minimal; this may be related to use of OCs with less 
estrogen and progestin content. 

Precautions 

GENERAL: 

1. Physical Examination and Follow-up — A complete medical history and physical examination 
should be taken prior to implantation or reimplantation of NORPLANT SYSTEM capsules and at 
least annually during its use. Exams should include special reference to the implant site, blood 
pressure, breasts, abdomen and pelvic organs, including cervical cytology and relevant laboratory 
tests. Rule out malignancy in cases of undiagnosed, persistent or recurrent abnormal vaginal 
bleeding. Women with a strong family history of breast cancer or who have breast nodules should 
be monitored with particular care. 

2. Carbohydrate Metabolism — Altered glucose tolerance is found in some combination and 
progestin-only OC users. Effects of NORPLANT SYSTEM on carbohydrate metabolism appear 
minimal. Observe diabetic and prediabetic patients carefully while using the NORPLANT SYSTEM. 
Follow women being treated for hyperlipidemias closely if using the NORPLANT SYSTEM. Some 
progestins may elevate LDL and may render control of hyperlipidemias more difficult. (See 
Warnings.) 

3. Liver Function — Consider removing capsules if jaundice develops. Steroid hormones may be 
poorly metabolized in patients with impaired liver function. 

4. Fluid Retention — Steroid contraceptives may cause some degree of fluid retention. Prescribe 
with caution, and careful monitoring, in patients with conditions possibly aggravated by fluid 
retention. 

5. Emotional Disorders — Consider removing capsules if significant depression occurs since the 
symptom may be drug-related. Observe carefully those with history of depression and consider 
removal if depression recurs to a serious degree. 

6. Contact Lenses —Contact-lens wearers who develop visual changes or changes in lens 
tolerance should be assessed by an ophthalmologist. 

7. Insertion and Removal — Insertion is advised during the first 7 days of the cycle or immediately 
following abortion to insure that the woman is not pregnant and to assure contraceptive 
effectiveness during first cycle of use. Capsules may be inserted at any time during the cycle 
provided pregnancy has been excluded and a nonhormonal contraceptive method is used for the 
remainder of the cycle. Insertion is not recommended before 6 weeks postpartum in breast-feeding 
women. Follow insertion and removal instructions closely. Healthcare professionals are strongly 
advised to be instructed in the procedures before they attempt them. Proper insertion just under the 
skin facilitates removals; proper insertion and removal should result in minimal scarring. If all 
capsules cannot be removed at first attempt, attempt removal later when the site has healed. 
Bruising may occur at implant site during insertion or removal. Hyperpigmentation may occur over 
implant site but is usually reversible following removal. See Full Prescribing Information for 
Detailed Insertion/Removal Instructions. 

8. Infections — Implant site infection has been uncommon (0.7%); aseptic technique and proper 
insertion/removal reduces possibility of infection. Institute treatment if infection occurs; remove 
capsules if infection persists. 

9. Expulsion — Expulsion of capsules was uncommon; frequency increased when capsule 
placement was extremely shallow, was too close to incision, or when infection was present. 
Replace expelled capsule with new sterile capsule. Treat and cure any infection before replacement. 
Contraceptive efficacy may be inadequate with fewer than 6 capsules. 

10. Provisions for Removal — Advise women that capsules may be removed at any time for any 
reason. Personnel instructed in removal technique should perform removal on request or at the end 
of 5 years of usage. Upon removal, dispose of capsules in accordance with Centers for Disease 
Control Guidelines for biohazardous waste. 

DRUG INTERACTIONS: Reduced efficacy (pregnancy) in NORPLANT SYSTEM users has been 
reported when phenytoin or carbamazepine were used concomitantly. Warn NORPLANT SYSTEM 
users of possible decreased efficacy with use of related drugs. 

DRUG/LABORATORY TEST INTERACTIONS: 1. Sex-hormone-binding globulin concentrations are 
decreased. 2. Thyroxine concentrations may be slightly decreased and triiodothyronine uptake 
increased. 

CARCINOGENESIS: See Warnings section and Full Prescribing Information. 

PREGNANCY: Pregnancy Category X. See Warnings section and Full Prescribing Information. 
NURSING MOTHERS: See Warnings section and Full Prescribing Information. 

INFORMATION FOR THE PATIENT: See Patient Labeling. Provide copy of patient labeling to the 
patient. Advise patients that Prescribing Information is available upon request. Inform prospective 
users of risks and benefits associated with NORPLANT SYSTEM use, with other forms of 
contraception, with no contraception, and about insertion/removal procedures. Informed consent 
from all patients may be desired in light of techniques involved with insertion and removal. 
Adverse Reactions 

The following have been associated with the NORPLANT SYSTEM during first year of use: many 
bleeding days or prolonged bleeding (27.6%); spotting (17.1%); amenorrhea (9.4%); irregular 
(onsets of) bleeding (7.6%); frequent bleeding onsets (7.0%); scanty bleeding (5.2%); pain or 
itching near implant site - usually transient - (3.7%); infection at implant site (0.7%); removal 
difficulties affecting subjects - based on 849 removals - (6.2%). 

Controlled clinical studies suggest that the following, occurring during the first year, are probably 
associated with NORPLANT SYSTEM use: headache; nervousness; nausea; dizziness; adnexal 
enlargement; dermatitis; acne; change of appetite; mastalgia; weight gain; hirsutism, hypertrichosis, 
and scalp-hair loss. The following were reported with a frequency of 5% or greater during the first 
year and possibly may be related to NORPLANT SYSTEM use: breast discharge; cervicitis; 
musculoskeletal pain; abdominal discomfort; leukorrhea; vaginitis. 

Overdosage 

Overdosage may cause fluid retention with its associated effects and uterine bleeding irregularities. 
Dosage and Administration 

The NORPLANT SYSTEM consists of six Silastic® capsules, each containing 36 mg of the progestin, 
levonorgestrel. The total administered (implanted) dose is 216 mg. Implantation of all six capsules 
should be performed during the first 7 days of the onset of menses by a healthcare professional 
instructed in the NORPLANT SYSTEM insertion technique. Insertion is subdermal in the midportion 
of the upper arm about 8 to 10 cm above the elbow crease. Distribution should be in a fanlike 
pattern, about 15 degrees apart, for a total of 75 degrees. Proper insertion will facilitate later 
removal. (See Full Prescribing Information for Detailed Insertion/Removal Instructions.) 
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Association of intrauterine fetal growth retardation and 
learning deficits at age 9 to 11 years 


James A. Low, MD," Mark H. Handley-Derry, MD,” Sharon O. Burke, PhD,” 
Ray D. Peters, PhD, Elizabeth A. Pater, RN,* Helen L. Killen, RN,” and 


E. Jane Derrick, BA” 
Kingston, Ontario, Canada 


OBJECTIVE: We examined the association of fetal and newborn complications, socioeconomic status, 
and home environment with learning deficits as assessed between 9 and 11 years of age. 

STUDY DESIGN: A total of 218 high-risk newborns have been assessed at 1, 4, and 9 to 11 years of 
age. Fetal and newborn complications included 77 newborns with growth retardation. Socioeconomic 
variables included parental occupation and education. Outcome measures at 9 to 11 years included the 
Woodcock Reading Mastery Test and the Wide Range Achievement Test. Motor and cognitive 
development was assessed by a neurologic examination, the Bruininks-Oseretsky Test of Motor 
Proficiency, and the Wechsler Intelligence Scale for Children. Behavior was assessed with the Achenbach 


Child Behavior Check List and Connor’s Teacher Rating Scale. 


RESULTS: Learning deficits were identified in 77 of the 218 children (85%). Children with learning deficits 
had lower full-scale IQ scores and behavioral problems of inattention and anxiety. Both fetal growth 
retardation and the father's occupation score were independently associated with these learning deficits. 
CONCLUSION: Fetal growth retardation, socioeconomic status, and behavioral characteristics of 
inattention and anxiety are associated with less favourable academic achievement at 9 to 11 years of age. 


(Am J Osster Gynecot 1992;167:1499-505.) 


Key words: Growth retardation, socioeconomic status, child behavior, learning deficits in 


children 


The effect of fetal growth retardation on neurodevel- 
opmental outcome is not established. This continuing 
uncertainty 1s due to the number of factors that influ- 
ence the interpretation of study results. Growth retar- 
dation is a heterogeneous entity that exhibits a wide 
range of severity. Furthermore, environmental variables 
are important confounding factors in follow-up studies 
that have carried out neurodevelopmental assessment 
at different ages. 

Investigations during the last two decades include an 
increasing number of follow-up studies to school age. 
Assessments at age 5 to 7 years have been reported for 
small-for-gestational-age (SGA) children born at term'’ 
and for SGA children born preterm.”'® Two studies 
have assessed preterm SGA children at age 8 years,’" "° 
and one study has assessed term SGA children in their 
adolescent years.” There is general agreement that 
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SGA children as a group continue to have smaller body 
measurements than their peers. There is no increased 
incidence of major handicaps. However, the evidence in 
regard to minor neurodevelopmental disability, emo- 
tional development, and school performance is contra- 
dictory. 

A long-term follow-up study of selected high-risk 
newborns was undertaken in 1978. The outcome for 
these children at 1 year has been previously reported." 

The aim of this phase of the study was to assess the 
school performance of these children at 9 to 11 years of 
age. The objective of this report was to examine the 
association of the biologic variables (fetal and newborn 
complications identified in the perinatal period) and 
the environmental variables (socioeconomic factors and 
early home environment) with learning deficits assessed 
between 9 and 11 years of age. 


Methods 

Study population. Four hundred sixty-four newborns 
with adequate fetal and newborn documentation, whose 
parents had consented to participate, were entered into 
a prospective’ follow-up program between May 1978 
and August 1982. This consisted of 406 newborns with 
one or more fetal or newborn complications and 58 
newborns with no complications. 
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Table I. Study population attrition at age 1, 4, 
and 9 to 11 years 






Study Lost to follow-up 
population 


(Noa.) 








Birth 464 

Age l yr 394 70 15 
Age 4 yr 301 93 20 
Age 9-11 yr 230 71 15 





Children with genetically determined or major sys- 
tem anomalies were excluded. The fetal and newborn 
complications that served as entry criteria represent 
those zhat have been proposed as contributors to defi- 
cits in children. These criteria were as follows: (1) 
preterm delivery of a newborn <2000 gm, (2) fetal 
growth retardation in which the birth weight was < 10th 
percentile for gestational age, (3) infants of insulin- 
dependent diabetic mothers, (4) intrapartum fetal as- 
phyxia defined by an umbilical artery buffer base <34 
mmol/L, (5) newborn respiratory complications classi- 
fied as moderate if requiring continuous positive airway 
pressure and severe if requiring mechanical ventilation, 
(6) major newborn infection, and (7) newborn enceph- 
alopathy defined as moderate in the presence of abnor- 
mal behavior or tone and severe with abnormal tone 
and seizures. 

By age 9 to 11 years, 230 children were available for 
follow-up. Two hundred thirty-four children (50%) were 
lost to follow-up (Table I). The loss to follow-up was due 
to death or adoption (n = 8), children in institutions 
because of severe handicaps (n = 15), or parental re- 
fusal (n = 28) but in most cases resulted from family 
moves out of the region. 

The children assessed at age 9 to 11 years have been 
compared with the children lost to follow-up. The 
children lost to follow-up did not differ from those 
continuing in the study with respect to fetal or newborn 
complications. Specifically ‘for growth-retarded chil- 
dren, 73 were lost to follow-up, whereas 77 continued 
and completed the study to age 9 to 11 years. However, 
the parents of the children lost to follow-up had lower 
Blishen Scores and less education than the parents of 
the children continuing in the study. Similarly, the 
Caldwell Home Observation Measure of the Environ- 
ment (HOME) scores of the families of the children lost 
to follow-up were lower than those of the families of the 
children continuing in this study. The incidence of 
motor and cognitive deficits at 1 year was similar in the 
children seen at age 9 to 11 years and those lost to 
follow-up. Motor and cognitive deficits were also iden- 
tified on the basis of assessment at chronologic age 4 
years + 30 days. The deficits were assessed with a 
neurologic examination and the McCarthy Scale of 
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Children’s Abilities. The children lost to follow-up be- 
tween age 4 and age 9 to 11 years had a higher 
incidence of major or minor motor and/or cognitive 
deficits at age 4 years than the children continuing in 
the study. 

Measures. Biologic variables examined include the 
fetal and newborn complications documented during 
the perinatal period. A number of environmental mea- 
sures were obtained during the study. Socioeconomic 
measures were parental education and occupation 
(Blishen Score)'® recorded at birth. Characteristics of 
the home were recorded at 6 months with a modified 
Caldwell HOME Scale and at 4 years with the Caldwell 
HOME Scale for preschool children. At age 9 to 11 
years socioeconomic variables were reassessed. The 
Family Assessment Device’? was used to describe family 
functioning, whereas a child health questionnaire de- 
termined the intercurrent stressful events and the 
health and medical status of the child. 

Outcome measures at age 9 to 11 years included a 
physical examination, assessment of motor and cog- 
nitive development, documentation of behavior and 
emotional development, and measures of academic 
achievement. 

Physical examination included measures of physical 
growth. Tests of pure tone audiometry and screening of 
both far and near vision were performed. 

Assessment of motor development included an ex- 
tended neurologic examination on the basis of which 
each subject was classified as normal, having excess 
“soft” signs, suspicious, or abnormal. The Bruininks- 
Oseretsky Test of Motor Prociciency,'’ which is stan- 
dardized for the age range of the children in this phase 
of the study, was carried out to identify those children 
with functional motor impairments. Major motor defi- 
cits were defined by abnormal results of neurologic 
examination and a Bruininks-Oseretsky score <3rd 
percentile. Minor motor deficits were defined as suspi- 
cious results of neurologic examination and/or a Bru- 
ininks-Oseretsky score between the 3rd and 14th per- 
centiles. 

Cognitive development assessment included the 
Wechsler Intelligence Scale for Children" short form. 
The subtests chosen included vocabulary, information, 
block design, similarities, and arithmetic. The criterion 
for a major deficit was a score <70 and for a minor 
deficit a score of 70 to 84. 

Behavior and emotional development were assessed 
with three questionnaires. The Achenbach Child Behav- 


ior Check List— Parent Form and Teacher Form? was 


used to assess behavioral problems. The anxious, social 
withdrawal, inattentive, nervous-overactive, and aggres- 
sive subscales were examined. Connor's Teacher Rating 
Scale*®.was analyzed in five general item clusters includ- 
ing hyperactivity, aggressive conduct, inattention or 
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Table Il. Relationship of fetal newborn complications to learning deficits at age 9 to 11 years 





Preterm (<37 wk) LE 
SGA (< 10th percentile) 40 
Fetal asphyxia 8 
Infant of diabetic motker 9 
Minor anomalies 25 
Newborn infection 4 
Newborn respiratory complications 22 
Newborn encephalopathy l 37 


No peor deficits 
i (n = 141) 








a deficit 
(n = 77 ) 


Significance 
50 53 56 NS 

29 37 48 p = 0.001 
6 5 6 NS 
6 5, 8 NS 
18 15 20 NS 
3 4 5 NS 
16 16 21 NS 
26 27 36 NS 





NS, Not significant. 


daydreaming, anxiety-fearfulness, and sociability-coop- 
eration, with a calculated total score. 

The primary outcome variable at age 9 to i years 
was academic achievement. Three areas of academic 
achievement were assessed: reading, spelling, and 
mathematics. Emphasis was placed on a more detailed 
assessment of reading skills because this is one of the 
main predictors of future academic achievement. 

Two measures of academic achievement were used. 
The Woodcock Reading Mastery Test?! consists of four 
subtests. These are (1) word identification (single words 
in isolation), (2) word attack (nonsense words to assess 


phonetic decoding skills), (3) word comprehension | 


(knowledge of word meaning through synonyms, ant- 
onyms, and word analogies), and (4) passage compre- 
hension (reading a passage and then orally filling in the 
missing word). From these four scores, a Total Reading 
Cluster Score is calculated. | 

The Wide Range Achievement Test” consists of three 
measures: (1) word recognition (reading of single words 
in isolation), (2) spelling (spelling orally presented 
words), and (3) mathematics (a 10-ininute timed written 
test of increasingly complex computations). | 
' Major learning deficits were defined as one or more 
achievement measures (i.e., total-score of the Woodcock 
Reading Mastery Test and the spelling and mathematic 
scores of the Wide Range Achievement Test) >2 SD 
(< 2nd percentile) lower than expected achievement for 
age. Minor learning deficits were defined as two or 
three achievement measures between 1 and 2 SD 
(<15th percentile) lower than expected achievement 
for age. The Wide Range Achievement Test for reading 
was not included in these criteria to avoid duplication of 
the Woodcock Reading Mastery Test. 

Statistical analysis included Student ¢ tests and’ x? 


tests. Logistic regression analysis-was used to determine _ 


independent association of variables, and p < 0.05 was 

considered significant. 
This study was approved by the Ethics Review Com- 

mittee of the Faculty of Medicine, Queen’s University. 


Table III. Incidence of learning deficits at 
age 9 to 11 yéars in term and 
preterm children 






Learning deficits 





Total No. 


Term 
SGA 39 18 46 
AGA 65 16 25 
_ Preterm 
SGA 38 19 50 


AGA 76 24 32 


AGA, Appropriate for gestational age. 


i 


Results 
Eighty-three of the 230 children (36%) had a major 


_ (n = 39) or minor (n = 44) learning deficit on the basis 


of the total score of the Woodcock Reading Mastery 


‘Test and the spelling and mathematic scores of the 
‘Wide Range Achievement Test. Satisfactory criteria for 


growth retardation were not available for the newborns 
<29 weeks’ gestational age. Therefore 12 children, 5 of 
whom had learning deficits at age 9 to 11 years were 
excluded from this analysis. Thus this analysis includes 
218 children, 77 of whom (35%) had learning deficits at 
age 9 to 11 years. 

The relationship between fetal and newborn compli- 


= cations and learning deficits at 9 to 11 years of age is 


presented in Table II. There were 77 children with fetal 
growth retardation (defined as a newborn <10th per- 
centile for weight in relation to gestational age). This 
was the single biologic variable with a significant asso- 


ciation with learning deficits. This relationship of 


growth retardation with learning deficits is expressed by 


‘a strong association with both measures of academic 


achievement, the Woodcock Reading Mastery Test 
(p < 0.0001) and the subscores of the Wide Range 


` Achievement Test (p < 0.0001). 


The learning deficits in term and preterm children 
are presented in Table III. The SGA group in relation 
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Weight (Kg) 


Height (cm) 


Age (years) 


70 


Head Circumference (cm) 
S S 8 


{9 
Lam 


Q 2 4 8 8 


Age (years) 








Head Circumference (%) 





Appropriate for Gestational Age 
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Age (years) 


Age (years) 





Age (years) 
eeecetes ¢ Small for Gestational Age 


Fig. 1. Growth characteristics of SGA and appropriate-for-gestational-age children between birth 


and age 9 to 11 years. 


to the appropriaie-for-gestational-age group had more 
term newborns (53% vs 46%). The difference is not 
statistically significant. The increased incidence of 
learning deficits in the SGA children is evident in both 
term and preterm newborns. 

The growth characteristics of the SGA and appropri- 
ate-for-gestational-age children are presented in Fig. 1. 
The differences for weight, height, and head circumfer- 
ence decrease to age 4. A small deficit, which is not 
statistically significant, persisted to age 9 to 11. The 
growth measures at birth and at age 9 to 11 years of the 
SGA children with and without learning deficits were 
compared, There was no significant difference of either 
weight or height at birth or at age 9 to 11 years between 
the children with and those withovt learning deficits. 


The head circumference of the SGA children with 
learning deficits in relation to the SGA children with 
academic achievement in the normal range was smaller 
at birth (28 vs 31 cm) and at age 9 to 11 years (52.9 vs 
53.5 cm). However, these differences were not statisti- 
cally significant. 

The SGA children included 33 boys and 44 girls. The 
frequency of learning deficits was not statistically differ- 
ent between the boys (45%) and the girls (50%). 

The relationship between education and occupation 
of the parents and learning deficits was examined in 
Table IV. There was a significant relationship between 
parental education and learning deficits in these chil- 
dren. Also, the father’s occupation as expressed by the 
Blishen Score was significantly lower in the children 
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Table IV. Relationship of socioeconomic factors to learning deficits at age 9 to 11 years 






Education 
Father 138 13.3 + 3.4 
Mother 139 13.3 + 2.6 
Father's occupation 133 45.9 + 16.8 


No learning deficits 





Learning deficits 





Significance 
74 11.6 + 2.6 p = 0.0003 
74 12.1 + 2.2 p = 0.0008 
67 40.1 + 14.4 p = 0.01 





The number of vears of education of the mother and the father, and the father’s occupation as expressed as a Blishen score were 
significantly lower for the parents of children with learning deficits in relation to the parents of children with no learning deficits. 


with learning deficits: in relation to the children with 
normal academic achievement. The Caldwell HOME 
Score at 6 months was the same for children with and 
without learning deficits. However, at 4 years of age, two 
subtests, stimulating academic environment and lan- 
guage stimulation of the Caldwell HOME Score, were 
significantly less favorable in the children with learning 
deficits. 

The relationship of the significant biologic variable, 
growth retardation, and the significant environmental 
variables, parental education and the father’s Blishen 
Score, to learning deficits was examined by a logistic 
regression analysis (Table V). Growth retardation and 
the father’s Blishen Score demonstrated an indepen- 
dent association with learning deficits at age 9 to 11. 

The relationship of motor and cognitive develop- 
ment measures at age 9 to 11 years to learning deficits 
is presented in Table VI. The children with learning 
deficits had a greater frequency of abnormal neurologic 
findings, a less favorable Motor Proficiency score, and a 
lower Wechsler Intelligence Scale for Children full-scale 
IQ score. Logistic regression analysis of these measures 
indicates that the full-scale IQ was the measure with a 
significant independent association with learning defi- 
cits (Table VII). 

Significant relationships between behavior and emo- 
tional development and learning deficits were identified 
with the Achenbach—Teacher Form and Connor’s 
Teacher Rating Scale (Table VIII). All subscores from 
the Achenbach—Teacher Form and Connor’s Teacher 
Rating Scale were less favorable in the children with 
learning deficits. However, logistic regression analysis 
indicates that the subscores having independent asso- 
ciation with learning deficits were the scores for the 
“inattentive” and “anxious” categories in the Achen- 
bach Teacher Form and “inattention” in Connor’s 
Teacher Rating Scale (Table IX). 

There were no significant differences between the 
children with and without deficits and the occurrence of 
overall selected stressful life events, overall family func- 
tioning as measured by the Family Assessment Device, 


Table V. Factors with independent 
association with learning deficits at age 


9 to 11 years 
l Growth retardation 5.5 p = 0.01 
2 Blishen score 5.1 p = 0.02 


or selected intercurrent health and medical events of 
the child. 
Comment 


The children in this study were a selected population 
who had experienced one or more fetal or newborn 
complications during the perinatal period. The chil- 
dren assessed at age 9 to 11 years had advantages in 
relation to those lost to follow-up. The incidence of fetal 
or newborn complications at birth was similar. However, 
the socioeconomic status and home environment were 
more favorable and they had fewer motor and cognitive 
deficits at age 4 years. 

Learning deficits were determined by assessment of 
reading, spelling, and mathematic skills. Most children, 
when assessed, were in grade 4 or 5. By the end of 
grade 3 children should have well-established decoding 
skills and be showing increased speed and efficiency of 
reading. From grade 4 onward the child is required to 
read independently to obtain new information. In spell- 
ing, most children in grade 2 will be able to spell by 
using phonetic structures. This gives them the basis to 
rapidly increase their spelling vocabulary. In mathemat- 
ics, the child should be able to add and subtract by the 
end of grade 3 with a good understanding of place 
value and regrouping. 

Seventy-seven children studied were shown to have 
learning deficits. The deficits were equally distributed 
between reading, spelling, and arithmetic. There was a 
major learning deficit in 34 children, which corre- 
sponds to more than two grade levels below that ex- 
pected for age. 

The children with learning deficits had less favorable 
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Table VI. Relationship between motor and cognitive aa eed and ce deficits az age 
9 to 11 years 






Motor development REE a 


Neurologic index ` ; ; 137 
Motor proficiency* 14] 
Cognitive development: WISC full-scale IQt 141 


i No' learning deficits 
he nes | e | ta 









Significance 
9.1 + 4.9 72 11.8 + 6.6 p = 0.001 
44.5 + 28.4 73 . 30.6 + 29.9 p = 0.001 
105.2 + 15.5 74 86.0 + 14.8 p = 0.0001 





*Bruiminks-Oseretsky Test of Motor Proficiency —Total Score. 


+Wechsler Intelligence Scale for Children —full-scale IQ. 


Table VII. Motor and cognitive. measures with 
independent association with learning 
deficits at age 9 to 11 years 


l WISC full-scale 1Q* 24.9 p = 0.0001 
2 Neurologic index 2.3 p=0.1 
3 - - Motor proficiencyt 0.5 p= 0.5 


- *Wechsler Intelligence Scale for Children — full ‘scale IQ. * 


Score. 


measures of cognitive development with lower full-scale 
IQ scores on the Wechsler Intelligence Scale for Chil- 
dren. The children with learning disabilities also had an 
increased frequency and range of behavioral and emo- 
tional development problems identified by their teach- 
ers. The most significantly different behavioral charac- 
teristics of the children with learning deficiencies as 
determined by the Achenbach form and Connor’s 
Teacher Rating Scale x were increased inattention and 
anxiety. i 
Examination of the biologic variables demonstrates 
that certain fetal and‘ newborn complications (fetal as- 
phyxia, newborn respiratory complications, newborù 
infection, and newborn encephalopathy) that are asso- 
ciated with motor and cognitive deficits at age I and 4 
years are not predictive of learning deficits at age 9 to 
11 years. However, fetal growth retardation, which pre- 
viously had not been a predictor of motor or cognitive 


deficits at age 1 and 4 years, is associated with learning. 


deficits that can be assessed at age 9 to 11 years. 
Features of growth-retarded children that may influ- 
ence outcomes, including the severity of the growth 


retardation, maturity at birth, and the sex of the child, . 


were not shown to be related to learning deficits in this 


study. Comparison of thé growth-retarded children © 


with and without learning deficits indicated no differ- 


ence in the severity of the growth retardation as ex-' ` 


pressed by weight and length of either the newborn at 
birth or the child at age 9 to 11 years. Head circumfer- 
ence in appropriate-for-gestational-ege children during 


- 


t Bruininks- OEE) Test of Motor Proficiency —Total . 


the first year has been proposed as a predictor of 
cognitive abilities in’ school.** Head circumference in 
the growth-retarded children with learning deficits was 
smaller than in those with normal academic achieve- 
ment, but the differences were not statistically signifi- 
cant. .This is in kéeping with an earlier report that 
subnormal head size in growth-retarded children may 
not have an associated adverse effect on outcome.” The 
incidence of learning deficits in the growth-retarded 
children was the same in children born preterm and at 
term, as well as in both boys and girls. 

It is possible that the association between growth 
retardation and learning deficits was mediated through 
low IQ scores or behavioral problems. However, there 
was no association between growth retardation and low 
full-scale IQ scores in the total population. Thus, al- 
though low IQ scores are associated with learning 
deficits, it is unlikely they represent the explanation for 
the association between growth retardation and learn- 
ing deficits. The children with learning deficiencies are 
described as inattentive and anxious. The group differ- 
ences, although significant, are modest in degree. The 
importance of these behaviorzl characteristics needs to 
be examined in greater detail. | 

There was a relationship between socioeconomic in- 
dicators and learning deficits. The parents’ education 
and the father’s Blishen Score were related to learning 
deficits in these children at age 9 to 11 years. This 
finding ‘is consistent with previous reports of associa- 
tions among socioeconomic factors, cognitive develop- 
ment, and school performance in growth-retarded chil- 
dren.* ” '% ® The association with socioeconomic factors 
suggests interactions with environmental factors. 

The findings in this study have demonstrated an 
independent association for fetal growth retardation, 
measures of parental occupation and education, and 
the behavioral characteristics of inattention and anxiety 
with learning deficits at age 9 to 11 years. Further 
clarification of the association between fetal growth 
retardation and subsequent cognitive and learning 
skills is important in relation to the premise.that growth 
retardation may affect brain development before birth. 
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Table VIII. Relationship between behavior and emotional development and learning deficits at age 
9 to 1I years 






No learning deficits 


Learning deficits 








Significance 
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Achenbach* 
Anxious 126 56.6 + 4.0 68 59.0 + 6.5 p = 0.002 
Social withdrawal 126 57.0 +3,5 68 59.9 + 7.5 p = 0.0003 
- Inattentive 126 56.3 + 2.7 68 60.0 + 6.4 p = 0.0001 
Nervous-overactive 126 56.7 + 3.5 68 59.4 + 6.3 p = 0.0002 
Aggressive 126 56.3 + 2.8 68 58.3 + 6.5 p = 0.003 
Connor’s Teacher Rating Scale 
Hyperactivity 130 0.32 + 0.46 74 0.65 + 0.79 p = 0.0002 
Aggression 130 0.20 + 0.29 74 0.34 + 0.55 p = 0.01 
Inattention 130 0.41 + 0.48 74 0.92 + 0.74 p = 0.0001 
Anxiety 130 0.33 + 0.38 74 0.67 + 0.70 p = 0.0001 
Sociability 130 0.25 + 0.34 74 0.44 + 0.50 p = 0.001 
*Achenbach Child Behavior Check Lisk~Teacher Form. 
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Asphyxial complications in the term newborn with severe 


umbilical acidemia 


Thomas Murphy Goodwin, MD, Isaac Belai, MD, Patricia Hernandez, MD, 


Manuel Durand, MD, and Richard H. Paul, MD 
Los Angeles, California 


OBJECTIVE: Our purpose was to determine the relationship of umbilical acid-base status and Apger 
score to neonatal asphyxial sequelae ir infants with severe acidemia (pH < 7.00). 
STUDY DESIGN: The obstetric and neonatal course of 129 term, nonanomalous singleton infants with 


umbilical pH <7.CO was reviewed. 


RESULTS: There were three stillbirths (failed resuscitation). Seventy-two of 126 (57%) were admitted to 
the neonatal intensive care unit. Thirty-eight percent had pulmonary dysfunction, 26% renal dysfunc-ion, 
31% cardiac dysfunction, and 31% hypoxic ischemic encephalopathy (seizures and hypotonia, n = 29; 
seizures only, n = 3; hypotonia only, n = 10). There were five neonatal deaths. In 109 cases umbilical 
arterial values were available, and among these infants there was a significant increase in the incidence 
of seizures with declining pH from 9% (5/57), with a pH of 6.90 to 6.99, to 80% (8/10), with a pH of 6.61 
to 6.70. Respiratory acidemia (Pco, > 65, base deficit < 10) was identified in 28 of 109 (26%), all but six 
occuring in the pH range above 6.90. Compared with infants with comparable umbilical artery pH, infants 
with respiratory acidemia did not differ significantly with respect to asphyxial end-organ injury in general 
(8/35 vs 6/22), but there was a trend toward a lower incidencs of hypoxic ischemic encephalopathy (6/35 
vs 1/22, p = 0.06). All infants with definite abnormal outcome (five neonatal deaths and 10 severe 
neurologic deficit) had seizures, hypotonia, and at least one other organ system dysfunction. Twenty-four 
of 29 infants (83%) who developed seizures had a 5-minute Apgar score <7, but only 12 of 29 (41%) 
had a 5-minute Apgar score of <3. Two infants with Apgar scores of 6 and 7 at 5 minutes and no 
evidence of nonasphyxial comorbidity subsequently manifested profound neurologic deficit. 
CONCLUSIONS: Infants with severe umbilical acidemia can be separated with regard to risk of hypoxic 
ischemic encephalopathy and abnormal neurologic outcome by consideration of the severity and 
composition of the acidemia and evidence of other end-organ dysfunction. Even in this pH range th2 
Apgar score is not highly predictive of asphyxial complications. (Am J Osster Gynecot 1992;162:1506-12.) 


Key words: Umbilical acidemia, asphyxia, hypoxic encephalopathy 


The use of umbilical acid-base evaluation to confirm 
the diagnosis of perinatal asphyxia has been problem- 
atic. Population-derived statistical lower limits of nor- 
mal umbilical artery pH range from 7.10 to 7.20.'* An 
umbilical artery pH below these levels, however, is not 
highly correlated with Apgar score” ê or with evidence 
of short- and long-term end-organ asphyxial sequel- 
ae." ’ Gilstrap et al.” and Winkler et al.’ suggested that 
the risk of neonatal asphyxial corrplications does not 
correlate with pH until the arterial level falls below 7.00 
with a significant metabolic component. It was further 
suggested by these authors and others’® that the se- 
verely acidemic infant destined to develop hypoxic 
ischemic encephalopathy would have a marked depres- 
sion of the 5-minute Apgar score (<3). In a subsequent 
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study, Goldaber et al."' confirmed that a pH <7.00 v 
associated with a significantly increased frequency 
early neonatal seizures and neonatal death, althou 
the Apgar score appeared to be less specific th 
previously suggested. The risk of neonatal asphyx 
sequelae associated with a cord pH of <7.00 and t 
predictive value of the Apgar score for these compli 
tions remains uncertain. 

A study was undertaken to describe the neona 
asphyxial complications with severe umbilical aciden 
(pH <7.00) in term infants, with particular attenti 
given to cerebral dysfunction. The relationship of t 
type and degree of acidemia to asphyxial complicatio 
was examined along with the predictive value of t 
Apgar score. Finally, on the basis of the preliminz 
outcome data, a profile of those infants with confirm 
major neurologic deficit is presented. 


Material and methods 

At Los Angeles County—University of Southern Cz 
fornia Women’s Hospital an attempt is made to obtz 
umbilical arterial and venous specimens at birth 
cases of fetal distress requiring operative interventi 
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Table I. Maternal and fetal clinical 
characteristics (V = 129) 


Maternal 
Age (yr) 26.8 + 6.4* 
Para 
0 53 (41%) 
l 22 (17%) 
>] 54 (42%) 
Estimated gestational age (wk) 
37-40 56 (44%) 
41-42 47 (36%) 
>42 26 (20%) 
Newborn 
Birth weight (gm) 3421 + 587* 
Gender 
Male 63 (49%) 
Female 66 (51%) 
Admission indication 
Spontaneous labor 67 (52%) 
Indicated induction 42 (33%) 
Oligohydramnios 13 
Intrauterine growth retardation, l 
normal amniotic fluid volume 
Abnormal FHR, normal amni- 10 
otic fluid volume 
Preeclampsia 9 
Other 9 
Fetal heart rate bradycardia on 20 (15%) 
admissiont 
Intrapartum complications 
Meconium present 68 (52%) 
Abruptio placentae 12 (9%) 
Cord prolapse 7 (5%) 
Uterine rupture 14 (11%)t 
Amnionitis 11 (8%) 
Shoulder dystocia 5 (4%) 
*Mean + SD. 


{Labor status undetermined because of bradycardia. 


tThirty four pregnant women had a prior cesarean section 
overall. 


or when there is evidence of newborn depression (Ap- 
gar scores are assigned by the neonatal resuscitation 
team). Samples are placed on ice and examined within 
20 minutes for pH, Pos, and Pcog. The data are entered 
prospectively into a computer data base. For the period 
from January 1986 through June 1990 there were 
76,548 total deliveries, of which 69,340 were at term. 
Umbilical samples were obtained in 8100 cases (10.6%), 
and in 202 cases (0.26%) the umbilical pH was <7.00. 
All specimens were analyzed on a Corning (Medfield, 
Mass.) 178 analyzer. To avoid confounding factors 
in assessing the above stated goals, the following 
were excluded: preterm delivery (estimated gestational 
age <37 weeks or birth weight <2500 gm unless esti- 
mated gestational age >37 weeks, known by excellent 
criteria; n = 44), multiple gestation (n = 5), major 
anomaly (n = 9), implausible result (n = 14), and no 
record available {n = 1). This resulted in 129 term, sin- 
gleton, nonanomalous infants with a cord blood pH 
<7.00. There were three stillbirths (fetal heart rate 
[FHR] documented before emergency delivery but no 
Apgar >0 assigned during the resuscitation). For the 
126 infants born alive, a documentable umbilical arterial 
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Table II. Perinatal mortality 





Stillbirths 
Massive abruptio placentae, no autopsy 
Congenital meningitis 
Congenital pneumonia 
Neonatal deaths 
Intracranial hemorrhage on extracorporeal mem- 
brane oxygenation for meconium aspiration syn- 
drome (n = 2) 
Congenital meningitis and pneumonia 
Hypoxic brain injury 
Pulmonary hemorrhage 


Table II. Major neonatal morbidity (51/126 
live births) 


Respiratory distress 35 (28%) 
Renal dysfunction 32 (25%) 
Cardiac dysfunction 29 (23%) 
Cerebral dysfunction (hypoxic 39 (31%) 


ischemic encephalopathy) 


Seizures and hypotonia 26 (21%) 
Seizures only 3 (2%) 
Hypotonia only 10 (8%) 


specimen was obtained in 109 cases. In 17 cases the 
source of the umbilical cord blood was indeterminate 
and possibly of venous origin. For the 109 infants in 
whom a definite umbilical artery value was known, the 
specific type of acidemia was examined. Metabolic aci- 
demia was arbitrarily defined as Pcog < 65 torr and base 
deficit 210; respiratory acidemia was defined as 
Pcog >65 torr and base deficit <10 (all such patients 
had a bicarbonate > 18 mEq/L); mixed disturbance was 
defined as Pcog > 65 torr and base deficit = 10. Obstetric 
and newborn records, logbooks, and risk management 
summaries were reviewed by the authors. 

The following measures of newborn morbidity were 
noted from the record: admission to the intensive care 
unit, pulmonary dysfunction (intubation > 24 hours), 
renal dysfunction (urine output <1 mi/kg/hour after 
the first 24 hours or serum creatinine > 1.2 mg/dl), and 
cardiac dysfunction (requirement for dopamine hydro- 
chloride infusion at a rate 24 wg/kg/min). Cerebral 
dysfunction or hypoxic ischemic encephalopathy was 
defined as seizures occurring within the first 48 hours of 
life or hypotonia persisting beyond the first 24 hours of 
life. Infant follow-up, when available, consisted of the 
Gessell developmental evaluation and, after 2 years of 
age, the Stanford-Binet test. 

Tests for statistical significance were performed by 
means of x” contingency tables, Student é test, or Fish- 
er’s exact test. i 


Results 


The demographic and intrapartum characteristics of 
mothers and newborns are summarized in Table I. 
Fifty-six percent had exceeded the estimated date of 
delivery. Twenty percent were post term (22 weeks 
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Fig. 1. Occurrence of seizures is shown in relation to 5- 
minute Apgar score. 
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Fig. 2. Umbilical artery acid-base profile of each infant 
is shown. pH isobars are shown zt intervals of 0.10. Incidence 
of seizures increased significantly with declining pH 
(p < 0.01). No infant with Pco <75 torr had seizures. 


Table IV. Neonatal morbidity stratified by umbilical artery pH (n = 109) - 


6.61-6.70 
(n = 10) 


: 


Hypoxic encephalopathy (n = 33) 8 80 
Seizures and hypotonia (n = 25) 7 70 
Seizures only (n = 2) l 10 
Hypotonia only (n = 6) 0 0 

Renal dysfunction (n = 30) 6 60 

Cardiac dysfunction (n = 34) 6 60 

Pulmonary dysfunction (n = 31) 8 _ 80 

None 2 20 


Table V. Hypoxic ischemic encephalopathy stratified ty pH-and type of acidemia {n = 109) 


Metabolic | Respiratory 
acidemia 


6.61-6.70 6.71-6.79 


acidemia 





(n = 0) (n = 0) 
Hypoxic ischemic 8 0 0 
encephalopathy 
(m = 33) 
Seizures and hy- 7 0 0 
potonia (n = 25) 
Seizures only 1 (0 0 
(n = 2) 
Hypotonia only 0 0 0 
(n = 6) 
No hypoxic ischemic 2 0 0 
encephalopathy 


(n = 76) 





6.71-6.79 6.80-6.89 6.90-6.99 

EA =I). in = 27) (n = 57). 
9° 60 9 33 > 7 12 
7 47 6 22 5 9 
0 0 I 4 0 0 
2 13 2 7 2 3 
8 53 7 26 9 16 
9 60 8 30 10 18 
7 47 8 30 7 12 
6 40 13 48 43 75 

6.80-6.89 






Mixed | Metabolic | Respiratory 


acidemia | acidemia acidemia 
(n = 22) (n = 5) 
0 l 8 0 l 
0 1 5 0 1 
0 0 l 0 0 
0 0 2 0 0 
1 0 14 0 4 
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past the estimated, date of delivery). Twenty patients 
had FHR bradycardia (<90 beats/min for > 2 minutes) 
on admission, and 19 underwent emergency cesarean 
section, Overall,’ 113 (88%) patients were delivered 
because of a clinical diagnosis of fetal distress. Ninety- 
seven (76%) underwent emergency or urgent cesarean 
section, and 16 (12%) underwent instrumented vaginal 
delivery for fetal distress. There were three stillborn 
infants and five neonatal deaths. The findings of the 
postmortem examinations in these cases are summa- 
rized in Table IJ. The perinatal mortality rate for the 
study population was 62 per 1000 compared with our 
term uncorrected pes mortality rate of 1.5 per 
1000. 

Fifty-four infants (43%) were admitted to the normal 
nursery and suffered no significant morbidity. Of the 72 
infants admitted to the neonatal intensive care unit, 21 
(17%) were observed or given supplemental oxygen but 
did not meet specific criteria for end-organ dysfunction. 
All 21 were normal at the time of discharge. Fifty-one of 
126 infants (40%) had evidence of dysfunction in at 
least one organ system (Table HI). Fifteen infants had 
non—cerebral organ dysfunction, and 14 of 15 were 
normal at discharge (n = 12) or follow-up (n = 2). One 
of these infants was lost to follow-up. Twenty-six infants 
had both seizures and prolonged hypotonia. Such in- 
fants constitute the principal risk group for permanent 
neurologic dysfunction’? and are presented separately 
in the following discussion. 

Four infants who experienced seizures within 48 
hours of life had factors other than hypoxic ischemic 
encephalopathy that may have contributed to the sei- 
zures. Two had seizures that were temporally related to 
intracranial hemorrhage occurring after heparinization 
for extracorporeal membrane oxygenation. One infant 
had congenital meningitis. These three neonates died. 


6.90-6.99 






Metabolic 
acidemia 


(n = 10) 








Respiratory 
acidemia 
(n = 22) 









5 1 1 
4 0 l 
0 0 0 
1 1 0 

20 . 9 21 
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One infant with seizures had suffered a depressed skull 
fracture at delivery but was normal at follow-up. Sei- 
zures and hypotonia were seen'in association with at 
least one other organ system dysfunction in 25 of 126 
(20%). l 

In Fig. 1 occurrence of seizures is stratified by the 
5-minute Apgar score for the 126 liveborn infants. Mild 
depression at 5 minutes (Apgar score <7) was noted in 
z4 of 29 infants (83%) who developed seizures, but only 
12 of 29 (41%) had an Apgar score of <3 at 5 minutes. 
The positive and negative . predictive value of a 
5-minute Apgar score < 3 for the occurrence of seizures 
were 75% and 84%, respectively. Two infants with 
Apgar scores of 6 and 7 at 5 minutes subsequently 
manifested profound neurologic deficits. Neither had 
evidence of neonatal asphyxia or other comorbidity to 
explain the poor neurologic outcome. 

To correlate the occurrence of asphyxial end-organ 
injury with the severity and type of acidemia, the data 
that follow refer to the 109 infants with documentable 
umbilical artery pH values. In Table IV umbilical artery 
pH values are arbitrarily stratified into ranges of 0.10 
from a low of 6.6] to a maximum of 6.99. Each of the 
postasphyxial morbidities occurred with greater fre- 
quency as the degree of acidemia increased. Below a 
pH of 6.80, >50% of infants had seizures and hypo- 
tonia. Twenty-two of 109 had seizures, hypotonia, and 
additional organ system‘ dysfunction. The mean pH 
value of this group (6.79 + 0.11, mean + SD) differed 
significantly from the pH of the other 23 infants with 


Table VI. Preliminary outcome data (n ='126 
live births) 


Neonatal deaths 5 (4%) 
Norma] at discharge* 84 (66%) 
Suspect at discharge 37 (30%) 


Follow-up of those suspect at discharge (n = 29)t 


Normal 14 
Abnormal 15 
. Major neurologic deficit 10 
Suspect§ 5 
Lost to follow-up 8 
TOTAL 
Normal 98 (78%) ` 
Neonatal death 5 (4%) 
Major neurologic deficit 10 (8%) 
Suspect . is 5 (4%) 
Lost to follow-up M 8 (6%) 


*Infants lacking evidence of neonatal encephalopathy who 
had a normal neurologic examination result at discharge 
received no special follow-up. 


tResults refer to last examination, which ranged from 6 to 
48 months of age. 


tTwo infants died before 18 months of age. 
§Mild tone abnormalities or cognitive delay. 
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Table VII. Summary of cases with known abnormal outcome (N = 15) 





Case o l l Blood Ges Base Cerebral Pulmonary Cardiac Renal 
No. I min J min I min pH Pcoz | deficit | dysfunction | d»sfunction | dysfunction | dysfunction 
Major neurologic deficit* 
l l — 6.61 153 -19 + + + + 
2 0 2 ~ 6.63 1bt 8-18 + + = = 
3 2 4 6 6.78 11] —16 + + + — 
4 l 3 4 6.70 135 = 17 + + - + 
5 2 7 m 6.67 143 -17 + a ‘ = 
6 4 6 i 664 139 -19 + + ~ 4 4 
7 0 0 3 6.78 114 —16 + + + + 
8 2 4 6 6.91 109 a4] + + + + 
9 l 4 5 6.63 163 = l7 + + + + 
10 l 2 4 6.71 169 =I + + + + 
Neonatal death 
ll i l 3 6.75 11” 17 + + + + 
12 0 0 2 6.98 85 -10 + + + + 
13 2 7 = 6.83 75 -19 + + + + 
14 3 6 8 — 684 8?  —17 + + + + 
15 6 6 — 6.79 147 —10 + + + + 
+, Positive; —, negative. 


*Cerebral palsy or severe hypotonia. 


organ dysfunction (6.90 + 0.08, p < 0.05) and the 64 
infants with no organ system dysfunction (6.91 + 0.07, 
p < 0.05). 

In Table V the incidence of seizures and hypotonia is 
. stratified by pH and type of acidemia. Eleven of 109 
(10%) had metabolic acidemia, and none developed 
. seizures. None were abnormal at discharge. Twenty- 
eight of 109 (26%) had respiratory acidemia, and sei- 
zures developed in 3 of 28 (11%). Three were abnormal 
or suspect at discharge. Mixed acidemia was found in 
70 of 109 (64%), and seizures developed in 24 (34%) of 
them. Thirty-one were abnormal or suspect at dis- 
charze. Overall, infants with respiratory acidemia were 
significantly less likely to develop seizures than were 
those with a metabolic component. Infants with respi- 
ratory acidemia, however, were uncommon below a pH 
of 6.90 (6/52). Among infants with a pH _>6.90 there 
was a decreasing trend of developing hypoxic ischemic 
encephalopathy wth respiratory acidemia (1/22) com- 


pared with metabolic or mixed acidemia (6/35, 
p = 0.06). Seizures were uncommon in this range, and 
no significant difference could be demonstrated be- 
tween infants with a respiratory acidemia and those with 
a metabolic component (1/22 vs 4/35). Below a pH of 
6.90, two of 6 infants with respiratory acidemia devel- 
oped hypoxic ischemic encephalopathy. Both of these 
had marked hypercarbia (Pco 128 and 169 torr). The 
relationship between pH, Pcos, and base deficit and the 
occurrence of seizures is shown in Fig. 2. 

Preliminary follow-up data on the 126 live-born in- 
fants are shown in Table VI. The results of examina- 
tions on infants who were suspected of neurologic 
abnormalities at discharge refer to the last available 
examination on record. All were between 6 and 48 
months of age. The characteristics of those infants with 
known abnormal neurologic cutcome or neonatal death 
are summarized in Table VII. All neonatal deaths and 
all cases of currently confirmed major neurologic dys- 





Volume 167 
Number 6 










Abnormalities on 
arrival to hospital 


Neonatal 
comorbidities 


Meconium aspiration Oligohydramnios 
syndrome 
None Bleeding previa, FHR 
bradycardia 
None Massive maternal gas- 


trointestinal bleeding 
Amnionitis, late decelera- 
tions 
Cocaine use, late deceler- 


Neonatal aspiration day 5 


Meconium aspiration 


syndrome ations 
None None noted 
Meconium aspiration Prolapsed cord 
syndrome 
Meconium aspiration FHR bradycardia 
syndrome, nursery pH 
to 6.76 
None Motor vehicle accident 
with abruptio placentae 
None Oligohydramnios 


Congenital meningitis Late decelerations 
None FHR bradycardia 
Meconium aspiration Late decelerations 
syndrome, intracranial 
hemorrhage and seizure 
on extracorporeal mem- 
brane oxygenation 
Meconium aspiration 
syndrome, intracranial 
hemorrhage and seizure 
on extracorporeal mem- 
brane oxygenation 
Pulmonary hemorrhage 


Oligohydramnios 


Late decelerations 


function occurred among infants who exhibited sei- 
zures, hypotonia, and other organ system dysfunction 
in the newborn period. 


Comment 


We have shown a correlation between the degree of 
umbilical artery acidemia and evidence of asphyxial 
end-organ injury in the term newborn with severe 
acidemia (pH <7.00). Because it is unlikely that a pH 
in this range would be found in the absence of fetal 
distress or some degree of newborn depression (the 
indications for umbilical blood sampling in this study), 
it is probable that the numbers here approximate the 
absolute risk for asphyxial injury associated with this 
degree of acidemia. Indeed, Goldaber et al.’' have 
reported a similar incidence of pH <7.00 in a large 
population of term infants. Remarkably, 78% of infants 
were considered neurologically normal at discharge or 
at subsequent follow-up. This may represent an under- 
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estimation. It is unlikely that infants with major deficits 
are among those “lost to follow-up.” 

In contrast to other investigators,” we found that a 
predominant respiratory acidemia was not uncommon, 
especially among infants with a pH 26.90 (22/58, 
38%). There was a trend toward a lower incidence of 
seizures and hypotonia among these infants. Below a 
pH of 6.90, this effect was not apparent. The profound 
hypercarbia seen with a respiratory or mixed acidemia 
in this pH range has few parallels in pediatric or adult 
medicine. Its particular contribution to the pathologic 
sequence in perinatal asphyxia is unknown, but it may 
act in synergy with hypoxemia to exacerbate tissue 
ischemia. A number of independent deleterious effects 
of hypercarbia has been described in both animal mod- 
els and man, including altered cerebral blood flow, 
seizures, myocardial depression, dysrhythmias, pulmo- 
nary vasoconstriction, and decreased oxygen availability 
caused by a right shift in the oxyhemoglobin dissocia- 
tion curve.'*'° The highest incidence of seizures in the 
current study was found among infants with a mixed 
acidemia, including a significant respiratory compo- 
nent, a pattern suggestive of chronic or subacute partial 
asphyxia followed by a predelivery episode of acute 
total asphyxia. It is noteworthy that no infants with a 
pure metabolic acidemia developed seizures or were 
abnormal at discharge. | 

As Gilstrap et al.” have emphasized, other factors can 
predispose newborn seizures or result in neonatal hy- 
poxia confounding the intrapartum contribution to 
neurologic morbidity. In the current study, for example, 
the incidence of infants delivering after term was more 
than twice the expected rate. Three of the five infants 
with seizures and neonatal death had specific confound- 
ing factors. Among survivors who developed hypoxic 
ischemic encephalopathy, however, the incidence of 
infection (1/34), trauma (1/34), and distinct neonatal 
asphyxia (2/34) was low. In addition, the confluence of 
cardiopulmonary, renal, and cerebral injury manifest- 
ing shortly after birth identifies asphyxia as the proba- 
ble major pathophysiologic factor. It 1s important to 
emphasize, however, that although a significant insult 
occurred during the intrapartum’ period, we do not 
suggest that the bad outcomes were necessarily prevent- 
able. In fact, 14 of 15 infants with confirmed abnormal 
outcome (five neonatal deaths and 10 major neurologic 
deficit) had evidence of possible fetal compromise (e.g., 
abnormal FHR, oligohydramnios) or preexisting patho- 
logic process, usually of unknown duration, present on 
arrival in the labor and delivery area. 

The limitations of the Apgar score in diagnosing 
perinatal asphyxia have been well documented. It has 
been suggested, however, that among infants with a 
cord pH <7.00 Apgar scores of <3 should be observed 
to attribute neonatal cerebral dysfunction and subse- 
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quent permanent neurologic injury to intrapartum 
events. Our findings suggest that even in the pH 


range below 7.00, a 5-minute Apgar score <3 has only- 


moderate predictive value for hypoxic ischemic encepk- 
__ alopathy.: This is not surprising, because some infants 
‘ with hypoxic ischemic. encephalcpathy, in particular 
those with a history of intermittent hypoxia, may hav= 
_ injury limited to the cortex. This will affect tone but nat 
brainstem functions controlling color, heart rate, and 
some reflexes. | l 

Although follow-up was not complete among the 
study subjects, it is possible to describe a limited profile 
of the infants who died in the neonatal period or 
survived with major neurologic deficit (Table VII). Ex- 
cluding the three subjects who had significant neònatal 
disease not specifically related to the initial asphyxial 
injury, the -most common pattern is that of a fetus 
with evidence of distress or compromise at initial eval- 
uation (e.g., oligohydramnios, significant decelerations, 
infection; Table VII) who then experiences a near-total 
interruption of gas exchange, as suggested by the de- 
gree of hypercarbia. A profound acidemia : (usually 
<6.80) associated with marked hypercarbia is seen a: 
birth. This is followed ‘by multiorgan system dysfunc- 
tion, including hypoxic ischemic encephalopathy. 
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Morbidity of failed labor in patients with prior 


cesarean section 
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OBJECTIVE: The aim of our study was to determine whether the reported increased morbidity associated 
with failed attempted vaginal birth after cesarean section is attributable to the presence of a uterine scar 


alone or to labor preceding a cesarean section. 


STUDY DESIGN: Primiparous women (N = 237) who underwent repeat cesarean section after a failed 
trial of vaginal birth after cesarean section were retrospectively compared with 1582 nulliparous women 
who underwent a primary cesarean section after a failed trial of labor. 

RESULTS: There were no significant differences in maternal or neonatal morbidity between the two 
groups except for an increase in the prevalence of thin meconium in patients undergoing primary 


cesarean section. 


CONCLUSION: Our results suggest that the presence of a previous cesarean section scar does not 
increase the overal! baseline morbidity associated with cesarean section after labor. (Am J Osster GYNECOL 


1992:167:1513-7,) 


Key words: Vaginal birth after cesarean section, morbidity, failed labor 


The obstetric literature has proved that vaginal birth 
after cesarean section is safe and efficacious in appro- 
priately selected patients and hospital settings.'° Suc- 
cess rates for vaginal birth after cesarean section have 
ranged from 61% to 80% in large clinical studies. 
Morbidity and mortality in women undergoing a suc- 
cessful trial of labor after cesarean section have been 
shown to be equivalent tc or lower than morbidity and 


mortality in women undergoing elective repeat cesar- . 


ean section.°* In. fact, in a review of the English- 
language literature between 1950 and 1980, Lavin et 
al.” could find no cases of maternal death caused by 
uterine rupture during labor. 

Numerous studies, however, have documented a sig- 
nificantly increased morbidity. in women undergoing 
repeat cesarean section after a failed attempt of vaginal 
birth after cesarean section.** '°'° Higher rates of fe- 
brile morbidity, uterine scar dehiscence or rupture, 
endometritis, transfusion, and wound infection have 
been noted in these patients. The majority of these 
studies, however, have compared women undergoing 
repeat cesarean section after a failed attempt at vaginal 
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birth after cesarean section with women undergoing 
both a successful vaginal birth after cesarean section 


-and an elective repeat cesarean section. 


A crucial question that has not been directly ad- 
dressed in these studies is whether the increased mor- 
bidity associated with failed vaginal birth after cesarean 
section is attributable to the presence of a uterine scar 
alone or to labor preceding a cesarean section. To 
answer this question we compared maternal and neo- 
natal morbidity in primiparous patients undergoing 
repeat cesarean section after a failed trial of labor with 


‘nulliparous women undergoing primary cesarean sec- 
.tion after labor. A nulliparous control group was se- 
lected because there is evidence indicating that the 


course of labor in primiparous women with a previous 
cesarean section most closely approximates that of 
nulliparous parturients,’7' 


Material and methods _ 


A computerized perinatal database was used to ret- 
rospectively identify 1819 patients who were delivered 
at the Mount Sinai Hospital in New York City between 
the years 1987 to 1990 and who fulfilled the inclusion 
criteria for the study. The failed vaginal birth after 
cesarean section group consisted of 237 primiparous 
patients with singleton gestations and a history of one 
previous cesarean section who underwent repeat cesar- 


ean section after an unsuccessful trial of labor. The 


primary cesarean section group consisted of 1582 nul- 


liparous women with singleton gestations who under- 
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Table I. Indications for cesarean section 
rank-ordered from most important to 
least important 





Fetal distress 

Cord prolapse 

Failed forceps 

Abruptio placentae 
Cephalopelvic disproportion—failure to progress 
Amnionitis 

Abnormal presentation—position 

Other 





went a primary cesarean section after labor during the 
same time interval. Patients who had an elective repea: 
cesarean section were not included in the study. 

_ All labor and deliveries were managed by residents 
and attending obstetricians at the Mount Sinai Hospi- 
tal. Women with a previous classic or T incision were 
excluded from a trial of labor, and women with a low 
vertical incision (n = 5) or unknown scar (n = 82) were 
allowed a trial of labor. During labor, fetal heart rate 
and uterine activity were electronically monitored ir 
both groups of patients. Oxytocin and epidural anes- 
thes-a were used with the same obstetric indications anc 
contraindications in both groups. 

The information used in this aralysis was retrievec 
from the computerized database that comprises de- 
tailed information on the prenatal, intrapartum, and 
postpartum course and on neonatal outcome. Details of 
this database have been described elsewhere.’ The 
groups were compared for differences in maternal de- 
mographic factors, labor and delivery characteristics, 
indications for cesarean section, pcstpartum complica- 
tions, and maternal and neonatal morbidity and mor- 
” tality. 

A comparison of the indications for cesarean section 
between the two groups was performed. If more than 
one indication was present, the indication was rank- 
ordered on a scale from the most important to the least 
important, and the most important indication was as- 
signed to that patient. For example, if amnionitis and 
fetal distress were listed as indications for cesarean. 
section, fetal distress was ranked higher and thus con- 
sidered the primary indication. The same scale was 
used in both groups of patients and is presented in 
Table I. l 

Tke charts of all patients in which the terms “uterine 
rupture” or “uterine dehiscence” were identified were 
reviewed. For our study uterine rupture was defined as 
any defect associated with excessive maternal pain and 
vaginal bleeding or a fetal heart tracing demonstrating 
severe variable decelerations, late decelerations, or pro- 
longed bradycardia. Uterine scar dehiscence was de- 
fined as a small defect in the integrity of the uterine scar 
discovered incidentally at the time of repeat cesarean 
section. 
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A x’ test or, in the case of small cell sizes, a Fisher 
exact test was used to analyze categoric data. In ana- 
lyzing the duration of labor and the duration of rup- 
tured membranes, a log transformation of the data was 
performed to normalize the distribution, after which a 
Student ¢ test was performed. A p value <0.05 was 
considered statistically significant. Logistic regression 
was then performed to control for possible confounding 
factors. Our study had sufficient power to detect a 
difference of 6% to 7% for all variables with an al- 
pha = 0.05 and power = 0.30. 


Results 


Table II shows the maternal characteristics for the 
failed vaginal birth after cesarean section group and the 
primary cesarean section group. There was a signifi- 
cantly higher frequency of private patients, women 
aged <20, white patients, ard patients with diabetes in 
the primary cesarean section group compared with the 
failed vaginal birth after cesarean section group. The 
failed vaginal birth after cesarean section group had a 
higher frequency of preterm births and Hispanic 
women. There were no significant differences in the 
proportion of black women or the frequency of pre- 
eclampsia or chronic hypertension. Table [II shows a 
comparison of the intrapartum characteristics between 
both groups. The nulliparous patients undergoing pri- 
mary cesarean section had a significantly higher fre- 
quency of oxytocin use, thin meconium, and amnionitis 
than the failed vaginal bir-h after cesarean section 
group. The nulliparous group also had a significantly 
longer mean duration of labor (12.6 + 7.1 hr vs 
10.4 + 6.3 hr, p < 0.001) and a longer mean duration 
of ruptured membranes (10.9 + 8.9 hr vs 7.3 + 7.2 hr, 
p < 0.001) than the patients with failed vaginal birth 
after cesarean sections. There were no significant dif- 
ferences in fetal presentation. epidural use, thick meco- 
nium, antibiotic use, or excessive blood loss at cesarean 
section. Our database could not distinguish between 
epidural anesthesia administered for analgesia during 
labor and epidural anesthesia administered in prepara- 
tion for cesarean section. 

The indications for cesarean section are presented in 
Table IV. There were no significant differences between 
the two groups. Cesarean section performed for ceph- 
alopelvic disproportion—failure to progress was the 
most common indication, followed by fetal distress and 
abnormal presentation—position. When each indication 
was taken into account and assessed separately, similar 
results were also obtained. 

A comparison of maternal morbidity and mortality 
demonstrated no significant differences between the 
groups. The parameters examined included hospital- 
ization >6 days (10.2% for the failed vaginal birth after 
cesarean section group vs 11.4% for the primary cesar- 
ean section group), laceraticns or uterine extensions 
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Table II. Maternal characteristics 


Foiled vaginal birth after 1° cesarean 
cesarean section (%) section (%) 


Morbidity of repeat cesarean section after labor 1515 


Characteristics p Value 
Age <20 yr 0.8 7.2 < 0.001 
White 44.3 58.0 < 9.001 
Black 20.7 15.8 NS 
Private service 65.4 75.6 0.001 
Chronic hypertension 2.1 1.4 NS 
Diabetes 4.2 8.0 0.04 
Preeclampsia 8.4 11.2 NS 
Preterm (<37 weeks) 11.8 7.0 0.008 





NS, Not significant. 


Table III. Labor and delivery characteristics 






Failed vaginal birth after cesarean section 






Primary cesarean section 
y 


Characteristics 

Vertex” 190/208 91.4 1231/1418 86.8 NS 
Oxytocin uset 124/218 56.9 1122/1475 76.1 < 0.001 
Epidural 199/237 84.0 1377/1581 87.1 NS 
Thin meconium 18/237 7.6 254/1582 16.0 0.001 
Thick meconium 20/237 8.4 154/1582 9.7 NS 
Amnjionitis 9/237 3.8 129/1582 8.2 0.018 
Antibiotics in labor 32/237 13.5 242/1582 15.3 NS 
Blood loss >1000 cc 2/237 0.8 14/1582 0.9 NS 

NS, Not significant. 

*n = 1626. 

tn = 1693. 


Table IV. Indications for cesarean section in the failed vaginal birth after cesarean section group and the 


primary cesarean section group 





Failed vaginal birth 
after cesarean Primary cesarean 
Indication section (Jo) section (%) p Value 
Failure to progress/cephalopelvic disproportion 65.0 63.0 NS 
Fetal distress 19.0 20.2 NS 
Abnormal presentation/position 7.2 10.2 NS 
Abruptio placentae 1.3 0.4 NS 
Amunionitis 0.4 0.7 NS 
Cord prolapse 0.8 0.3 NS 
Failed forceps 0.8 1.0 NS 
Other 5:5 4.6 NS 


NS, Not significant. 


(2.1% vs 2.3%), postpartum infections including en- 
dometritis, urinary tract infection, and pneumonia 
(13.5% vs 15.4%), and maternal mortality (0.0% vs 
0.06%). The only maternal mortality was attributed to a 
placenta percreta and massive hemorrhage in a nullip- 
arous patient. There were no significant differences in 
neonatal morbidity between the two groups (Table V). 
The incidence of low 5-minute Apgar scores was 0.4% in 
patients with failed vaginal birth after cesarean sections 
and 1.3% in the primary cesarean section group; neo- 
natal mortality was 0.4% and 0.5%, respectively. 


The results of our univariate analysis revealed that 
the only outcome parameters that were significantly 
different between the two groups were‘thin meconium 
and amnionitis, both of which were more common 


among the primary cesarean section patients. Logistic 


regression analysis was performed controlling for oxy- 
tocin use, preterm delivery, private service, length of 
labor, length of ruptured membranes, race-ethnicity, 
and diabetes. This logistic regression model revealed 
thin meconium to be the only independent discrimina- 
tor between the two groups. 
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Table V. Neonatal outcome 


Outcome 


l-minute Apgar <6 

5-minute Apgar <6 

Small for gestational age 

Birth weight <2500 gm 

Neonatal intensive care unit admissions 
Neonatal mortality 

Neonatal hospital >7 days 

Neonatal injuries* 
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Failed vaginal birth 
after cesarean I° cesarean 
section (%) section “%) p Value 
NS 
NS 
6.3 5.2 NS 
6.8 6.3 NS 
14.4 16.8 NS 
0.4 0.5 NS 
16.9 15.0 NS 
3.8 6.5 NS 
24.1 25.3 NS 


Neonatal complicationst 





NS, Not significant. 


*Neonatal injuries: cephalohematomas brachial nerve injury, fractures, dislocations, lacerations. 


tNeonatal complications: hyaline membrane disease, transient tachypnea of newborn, meconium aspiration, pneumothorax, 
other respiratory complications, malformations, intraventricular hemorrhage, seizures, necrotizing enterocolitis, infection, drug 


withdrawal, oxygen requirement, hydrops,. hyperbilirubinemia. 


Two patients in the failed vaginal birth after cesarean 
section group suffered a uterine scar rupture durinz 
labor and three patients were found to have a uterine 
scar dehiscence, for a prevalence of 0.84% and 1.27%, 
respectively. These figures are consistent with the re- 
ported rate of 0.50% to 2.23% for uterine rupture and 
dehiscence.*'® *'® 192 The first patient was a 43-year- 
old para 1-0-1-1 who had vaginal bleeding and fetal 
bradycardia during labor at 38 weeks. Intraoperatively, 
a partial placental abruption associated with uterine 
scar disruption was noted. The second patient was a 
30-year-old para 1-0-0-1 admitted at term in spontane- 
ous labor who had severe variable and late decelera- 
tions on the fetal heart rate tracing. At the time of 
cesarean section, a separation of tne previous low ver- 
tical scar was present, and the umbilical cord was found 
to have prolapsed through the site of uterine rupture. 
In both cases the infants and mothers had uncompli- 
cated neonatal and postoperative courses. 


Comment 


The safety of a trial of labor after cesarean section has 
been well documented in the literature and has been 
confirmed in this study. However, the existing literature 
suggests that vaginal birth after cesarean section is still 
not a common practice in the United States.” A study 
by Shiono et al.” reported that in 1984 in the Unitec 
States only 8.0% of women with a previous cesarear. 
delivery were allowed trial of labor; 54.0% of 53€ 
hospitals surveyed reported no trial of labor after pre- 
vious cesarean sections. At our hospital, a large tertiary 
care center in New York City, 54.3% of patients witk 
one or more previous cesarean sections were given 2 
trial of vaginal birth after cesarear section during the 
years 1987 to 1990. The success rate for vaginal birth 
after cesarean section for this time period was 81.4%. 
Possible explanations for a low rate of trials of labor 


include concern over the success rate, the risk of cata- 
strophic results from uterine rupture, and the antici- 
pated increased morbidity associated with a failed trial 
of labor. 

In 1991 Rosen et al.’ published a metaanalysis of 
morbidity and mortality in women undergoing vaginal 
birth after cesarean section. Thirty-one studies were 
represented in the analysis and included 11,417 of trials 
of labor and 6147 elective repeat cesarean sections. 
Although there was no difference in maternal mortality 
between the groups, women undergoing repeat cesar- 
ean section after a failed trial of labor had greater 
febrile morbidity and a rate of uterine dehiscence- 
rupture 2.8 times higher then that after elective repeat 
cesarean section. 

A study of Phelan et al.’ demonstrated a significantly 
increased rate of febrile morbidity in women undergo- 
ing failed vaginal birth after cesarean section when 
compared with those undergoing successful vaginal 
birth after cesarean section or elective repeat cesarean 
section (32.0% vs 3.6% and 18.0%, respectively). In that 
study the prevalence of scar dehiscence was also in- 
creased (5.1% vs 1.5% and 2.2%), although the increase 
did not achieve statistical significance. Eglinton et al.’° 
also identified an increase in febrile morbidity and 
uterine dehiscence in patients undergoing a failed trial 
of labor.” 

Gibbs? reported an increased incidence of blood 
transfusion, febrile morbidity, endometritis, and wound 
infections in patients with a failed vaginal birth after 
cesarean section (27.0%) in comparison with those un- 
dergoing elective repeat cesarean section (17.0%) and 
successful trial of labor (1.0%). Interestingly, Gibbs’ 
study found no difference ir. morbidity in 262 women 
undergoing repeat cesarean section after a failed trial of 
labor when compared with 1342 nulliparous patients 
undergoing cesarean section for dystocia. Although this 
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is consistent with our findings, Gibbs limited his com- 
parison to nulliparous patients undergoing cesarean 
section for dystocia only, and he did not control for 
confounding variables. | 

We chose to compare primiparous patients undergo- 
ing repeat cesarean section after a failed trial of labor 
with nulliparous patients undergoing cesarean section 
after. failed labor for any indication. A nulliparous 
control group was selected because it was believed that 
the labor characteristics of nulliparas most closely re- 
semble that of primiparas with a previous cesarean 
section as demonstrated by Harlass and Duff.” Our 
results suggest that factors associated with a trial of 
labor before cesarean delivery, rather than the presence 
of a uterine scar, are responsible for an increase in 
morbidity. Of note is the finding from the univariate 
analysis that the nulliparous group of patients had 
higher rates of thin meconium and amnionitis. The 
increased frequency of these. complications possibly 
reflects physicians’ biases to “try harder” to achieve a 
vaginal delivery in nulliparous women as opposed to 
women with a previous cesarean section. In fact, after 
controlling for labor-related confounding factors such 
as oxytocin use, length of labor, and length of ruptured 
membranes, patients in the primary cesarean section 
group still had an increased frequency of thin meco- 
nium. No differences could be detected in excessive 
blood loss at delivery, uterine lacerations, indications 
for cesarean section, low Apgar scores, or neonatal 
morbidity. 

Although patients who undergo operative even 
after labor may always be subject to greater morbidity 
than patients who successfully achieve vaginal delivery 
or patients who undergo elective cesarean section, our 
data suggest that the presence of a previous cesarean 
section scar does not increase the overall baseline mor- 
bidity associated with cesarean section after labor. It 
may be possible to reduce some of the observed com- 
plications by judicious use of antibiotics and early rec- 
ognition of labor disorders and fetal compromise. Al- 
though the risk of uterine rupture in a patient with a 
previous cesarean section cannot be eliminated entirely, 
the associated morbidity may be mitigated by careful 
patient selection, close observation of patient symp- 
toms, and meticulous attentiveness to the fetal heart 
rate tracing. 
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Effect of recreational exercise on midtrimester 


placental growth 


James F. Clapp III, MD, and Karen H. Rizk, RN 
Cleveland, Ohio 


OBJECTIVE: The purpose of our study was to test the hypothesis that regular recreational exercise 
increases the rate of growth in placenta! volume in the midtrimester of human pregnancy. 

STUDY DESIGN: Serial measurements of placental volume were obtained between the fourteenth and 
twenty-sixth gestational week in 18 subjects who exercised regularly throughout the midtrimester ard in 
16 matched controls with an ultrasonographic system equipped with a fixed-base, articulated-arm, 2.5 


MHz B-mode transducer. 


RESULTS: Placental volumes were sig tificantly greater in the women who maintained a regular exercise 
regimen throughout the midtrimester. At 16 weeks (mean + 3D) volumes were 141 + 34 cm? and 

106 + 18 cm* in the two groups. This difference increased a: 20 weeks (265 + 67 cm? vs 186 + 4€ cm’) 
and again at 24 (410 + 87 cm? vs 270 + 58 cm°) weeks’ gestation because of a significant 
between-group difference in the rate of growth in placental volume over this time interval (34 + 8 cr®/wk 


vs 21 + com*/wk). 


CONCLUSION: We conclude that the hypothesis is correct end speculate that the change in growth rate 
represents an adaptive response to the intermittent stimulus >f a reduction in regional blood flow. (Am J 


Osstet Gynecol 1992;167:1518-21.) 


Key words: Pregnancy, exercise, placenta, growth 


Multiple reports indicate that participation in variety 
of ferms of recreational exercise or training programs 
during pregnancy does not have immediately apparent 
detrimental effects on fetus or mother.’* Given the 
potential adverse embryonic and fetal effects of the 
exercise-associated decrease in visceral blood flow and 
increases in body temperature and substrate utilization, 
the interesting question is why. Accordingly, we have 
undertaken a series of studies designed to examine 
potential adaptive mechanisms that would reduce the 
physiologic impact of these exercise-associated changes 
on the embryo and fetus. 

Stimulation of placental growth rate or functional 
capacity by exercise is one potential adaptive mecha- 
nism that would be fetoprotective. However, the only 
study to address this point demonstrated that regular 
treadmill exercise during guinea pig pregnancy de- 
creased placental size and impaired placental carbon 
monoxide—diffusing capacity at term.’ Nonetheless, 
when our human data on birth weight and placental 
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weight were stratified for the timing of the exercise in 
pregnancy, the highest birth weights (3685 + 360 gm) 
and placental weights (510 + 85 gm) were observed in 
the group of women (n = 42) who performed aerobics 
or ran vigorously throughout early and midpregnancy 
and then stopped for the remainder of the pregnancy. 
This information sugzested that regular exercise might 
have the opposite placental effect during early and 
midpregnancy in the well-conditioned human. 

Several investigators have demonstrated that B-scan 
ultrasonography can be used to obtain precise and 
accurate measurements of uterine and placental vol- 
umes in utero; they have also documented a direct 
relationship between placental volume in midpreg- 
nancy and size’ at birzh.*” Accordingly, we learned and 
applied the technique to determine whether the infer- 
ence drawn was correct. We tested the hypothesis that 
regular recreational exercise increases the rate of 
growth in placental volume in the midtrimester of 
human pregnancy. 


Maierial and methods 


After obtaining informed consent in accord with in- 
stitutional guidelines, 18 healthy women who regularly 
performed aerobics (n = 9), ran (n = 4), or swam 
(n = 5), and 16 physically active healthy controls were 
enrolled before the fourteenth week of an accurately 
dated, clinically normal singleton pregnancy. The over- 
all populace was purposely varied in age, parity, mor- 
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phometry, and exercise habits to minimize the possibil- ` ` 


ity that one specific maternal characteristic or exercise 
variable would increase the chance of an alpha error. 


The subjects ranged in age from. 23 to 36, with a parity — 


range of 0 to 3. Preconceptional weight ranged from 45 
to 87 kg, and estimates of body fat derived from 
five-site skinfold thicknesses ranged between 11% and. 
26%.'° However, as detailed in Table I, individual dif- 
ferences were evenly distributed in the two groups: The 
only significant between-group difference was a slightly 
higher percentage of body fat in the control group. 
None of the subjects used tobacco or illicit drugs, and 
the range of alcohol intake was 0 to 2 glasses of beer or 
wine each week. Serial interviews indicated that total 
caloric intake was adequate and that 30% to 65% of 


total calories came from carbohydrates, 20% to 30% . 


from protein, and 25% to 40% from fat. 
In the exercise group the overall weekly volume of 


exercise was monitored throughout the study period. | 


Although individual exercise volume was quite variable, 
all subjects met or exceeded our minimal criteria for 
regular recreational exercise throughout the study pe- 
riod (three 20-minute sessions of sustained exercise 
each week at an intensity 250% of maximum ca- 


pacity). '® 11 


In all subjects gestational age was confirmed by early _ 


ultrasonographic examination, and placental volumes 


were measured serially beween the fourteenth and eigh- _ 


teenth, the eighteenth and twenty-second, and the 
twenty-second and twenty-sixth gestational weeks. The 


parallel planimetric technique was used to measure 
placental volume with a fixed base, articulated-arm, 3.5 | 


MHz B-mode transducer coupled with an ultrasono- 
graphic system (Picker Artis, Picker, Cleveland). This 
measurement involves placing the subject in a fixed 
but comfortable semirecumbent position, creating a 
standard spatial relationship between the subject's ab- 
domen and the articulated arm of the B-mode trans- 
ducer. Then, after minor adjustments of field size and 
depth, serial vertical images of the uterus, fetus, and 
placenta are obtained at centimeter intervals in parallel 
planes throughout the entire area occupied by the 
uterus and its tissue contents. A permanent record of 
each is made on high-density x-ray film, and the area 


occupied by the placenta on each parallel section is . 


determined with a high-resolution digitizing tablet 
coupled to Sigmascan (Jandel, Corte Madera, Calif.) 
software. Mathematically (rectangular or trapezoidal 


rule) the sum of the individual areas obtained at 1 cm - 


intervals equals the volume.*® To minimize measure- 


ment error, each measurement was performed three 


times by two individuals to obtain an average value. In 
our hands the accuracy of the technique is +5% with 
either balloon phantoms or delivered placentas; the 
within- .and between-examiner precision in the ex- 
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Table I. Populace characteristics 






Control 
gr group 
(mean + SD) | (mean + SD) 








Parameter Significance 


Age (yr) 30.6 + 1.9 30.6 + 2.5 NS 

Parity 0.9 + 1.2 0.7 + 1.0 NS 

Weight (kg) 57.6 + 7.5 60.5 + 8.9 NS 

Estimated 17.1 + 3.3 20.9 + 3.7 0.05 
body fat (%) 

Estimated lean 47.7 + 6.8 47.9 +74 . NS 
weight (kg) 





NS, Not significant. 


perimental situation is usually +3%, and has never 
exceeded +5%. These values are comparable with 
those obtained by others using slightly different 
approaches.°” 

Birth and placental weights were obtained at the time 
of delivery in the standardized fashion used in earlier 
studies,' !? : 

The raw data for each subject was used to calculate 
a 7-day (weekly) rate of increase in placental volume 
between ‘l6 and 24 weeks’ gestation by dividing the 
change in measured volume by the time interval be- 
tween examinations. These growth rates were used to 
correct measured values to 167°, 20*°, and 24*° weeks’ 
gestation. For example, if an initial measurement of 
109 cm? was obtained at 15*? weeks and-increased 29 
cm*/wk between then and the next examination, the 
placental volume at 16*° weeks would be reported as 
130 cm* (109 cm? + 29 cm® x 5/7). Between-group 
differences were sought by using the unpaired Student 
¿ test, and significance was set at the 0.05 level. 


Results 


As shown in Table II, placental volumes at 16*°, 20*°, 
and 24*° weeks’ gestation were significantly larger in 
the exercise group. The absolute difference in the mean 
values rose from 35 cm? at 16 weeks to 140 cm’ at 24 
weeks because of a 60% increase in the rate of growth of 
placental volume in the exercise group (34 + 8 vs 
21 + 7 cm’/wk). | 

Note that.in most instances the SD exceeded 20% of 
the mean value, reflecting a large within-group variabil 
ity in both the individual volumes and growth rates. For 
example, in both groups at 16 weeks there was more 
than a twofold variation in placental volume (exercise 
group: 90 to 244 cm’; control group: 77 to 181 cm’), 
and growth rates between 16 and 20 weeks ranged from 
14 to 54 cm*/wk in the exercise group and from 9 to 36 


- cm*/wk in the control group. This appeared to reflect 


true biologic variation rather than methodological im- 

precision because between-observer differences were 

<5% in all cases. | 
Term birth weight (mean + SD) in the exercise 
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Table II. Placental volumes at 16, 20, and 24 weeks’ gestation 





Time point 
(wh) 





16 141 + 34 
20 265 + 67 
24 410 + 87 


Exercise group 
icm’, mean + SD) 







Control group 
(cm’, mean + SD) 





Significance 


106 + 18 0.01 
186 + 46 0.01 
270 + 58 0.001 





Table III. Morphometric outcome by exercise in late pregnancy 


Exercise level in late pregnancy 


Parameter (n = 16) (n = 7) (n = 7) (n = 4) 
Gestation length (days) 280 +5 280 + 4 277 + 5 277 + 4 
Birth weight (gm) 3573 + 309 3787 + 384 3319 + 323 2942 + 261 
Birth weight percentile 57 + 26 72 + 23 47 + 27 22 13 
Placental weight (gm) 453 + 48 509 + 92 462 + 134 418 + 46 
Fetal/placental ratio 7.86 + 0.51 7.48 + 0.98 7.20 + 1.04 7.06 + 0.98 





Data are mean + SD. 


group (3408 + 445 gm) was not significantly differen- 
from that observed in the controls (3553 + 309 gm) 
primarily because the variations seen in overall exercise 
performance in late pregnancy'” *' also appeared te 
influence placental weight and the fetal weight/pla- 
cental weight ratio at term. These data are detailed ir. 


Table III. They have not been enalyzed statistically 


because of the small group sizes, the wide within-grour 
variances, and the multiple comparisons required. 
However, there is a trend for birth weight, birth weight 
percentile, placental weight, and the fetal/placental 
weight ratio to vary inversely with late pregnancy exer- 
cise performance. 


Comment 


The results of these experiments support the hypoth- 
esis that a program of regular recreational exercise 
increases midtrimester placental growth rate and vol- 
ume. Because the latter has been shown to vary directly 
with birth weight,*° the possibility exists that altering 
maternal physical activity at this time point in preg- 
nancy may prove to be useful in altering size at birth. 
Although this possibility is supported by these data and 
the initial outcome data discussed in the introduction, a 
randomized prospective trial of adequate size is clearly 
needed to definitively answer this question. 

The wide range observed in mictrimester placental 
volume is consistent with that reported by others using 
similar techniques,®*° indicating that the wide range in 
placental weight observed at term'’® ™ is present as 
early as 14 to 16 weeks’ gestation. This early presence 
suggests that placental weight could be used as an 
early screening tool to identify cases at risk for fetal 
overgrowth and undergrowth. Indeed, earlier studies 


have noted that this measurement and others like it 
have reasonable predictive value by the twenty-fourth. 
week.” 8, 13 

Multiple investigators have demonstrated that the 
maternal genome and environment are the major 
known determinants of size at birth.'* Given the rela- 
tionship between midtrimester placental volume and 
birth weight, it is probable that many of the same 
factors also modulate the rate of early placental growth 
and contribute to the variability observed within any 
populace. Unfortunately, our sample sizes are not yet 
large enough to perform covariate analysis on several 
potential contributors that were purposely varied to 
avoid an alpha interpretive error (preconceptional 
weight, age, and parity). Likewise, it is probable that 
additional factors such as placental location, diet, smok- 
ing, and a host of exercise variables (type, duration, 
intensity, volume, and pattern during late pregnancy) 
may also contribute to populace variability. For exam- 
ple, given the variability in exercise patterns and exer- 
cise type, the numbers are too small for any given type 
of exercise to draw a conclusion about the effects of one 
type of exercise regimen versus another. Again, pro- 
spective studies stratifed for these variables will be 
necessary to answer the question. 

It is possible that selection bias or errors in either 
gestational age assessment or volume measurement 
contributed to both the between-group differences and 
the variability observed within the two populaces. The 
wide range of maternal characteristics in both the ex- 
ercise and control populaces, coupled with the nutri- 
tional diversity observed and the exclusionary criteria 
used, make the former possibility unlikely. Although an 
error in gestational age assessment is always possible, 
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the ultrasonographic assessments agreed with the po- 
tential dates of conception in all cases; in most instances 
the assessments were performed between the seventh 
and tenth postmenstrual week. Likewise, the internal 
consistency of each measurement suggests that the 
contribution of measurement error to the overall vari- 
ability observed should have been small. 

As noted earlier, our observations of women are very 
different from those observed when guinea pigs were 
vigorously exercised throughout the majority of preg- 
nancy. Unfortunately, the nature of both sets of exper- 
iments precluded the identification of an underlying 
mechanism responsible for the observed outcome. 
However, other than the obvious species differences, 
there are several differences in the studies that may 
explain the divergent findings. First, in the current 
study all subjects had been exercising regularly before 
conception and continued their exercise at a level that 
was comfortable to them throughout pregnancy, and 
the guinea pigs began a forced exercise regimen after 
conception that was rapidly increased in volume to a 
standard level. Thus both the level of stress and the 
time available for the maternal organism to physiolog- 
ically adapt to regular exercise were quite different. 
Second, in our study the measurements of placental size 
were obtained in midpregnancy, and the guinea pig 
placentas were examined at term after a vigorous exer- 
cise regimen had been maintained throughout late 
pregnancy. This is a major difference in the timing of 
data accrual. However, the data from the four subjects 
who increased their exercise performance in late preg- 
nancy and our earlier human data on exercise in late 
pregnancy and birth weight at term indicate that a high 
volume of antigravitational exercise in late pregnancy is 
associated with the smallest offspring and the smallest 
placentas.” 1% ' 

Finally, although our study was unable to address the 
issue of the underlying mechanism or mechanisms 
responsible for the observed stimulation of the growth 
of placental volume, it is probably related to one or 
more of the known physiologic adaptations to a regular 
exercise regimen. '®™ 18 We speculate that the most likely 
potential stimulus is the intermittent reduction in re- 
gional blood flow that occurs during sustained physical 
activity at this intensity level. Additional potential fac- 
tors include the increase in blood volume and tissue 
vascularity that evolve with a regular regimen of sus- 
tained exercise that is continued over a protracted 
period of time. 
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In summary, these experiments indicate that recre- 
ational exercise performed by healthy women at or 
above a baseline conditioning level in midpregnancy 
stimulates the growth rate of placental volume between 
the fourteenth and twenty-sixth week of gestation. The 
variability observed in both populaces suggests that 
additional factors also play a role. It is possible that this 
relationship may prove to have both diagnostic and 
therapetuic value in pregnancies at risk for fetal under- 
growth and overgrowth. 
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Rapid prenatal diagnosis by fluorescent. in situ: 
hybridization of chorionic villi: An adjunct to long- term 


culture and karyotype 


Mark I. Evans, MD, Katherine W. Klinger, PhD, Nelson B. re MD, Donna Shook, MD, 
Wolfgang Holzgreve, MD, Nancy McGuire, MD, and Mark P. Johnson, MD 


Detroit, Michigan, Framingham, peepee and Münster, Germany 


‘OBJECTIVE: This series was designed to assess in a pilot study the feasibility of using fluorescence in 


situ hybridization on chorionic villi. 


STULY DESIGN: We constructed probes derived from specific subregions of human chromosomes 21, 


18, 13, X, and Y that give a single copylike signal when used in conjunction with Supp een 


hybridization. 


RESULTS: In a blind series of 47 samples all, including one trisomy 21, were Seely: identified. The 
samples were correctly classified as disomic for five chromosomes. ‘ 

CONCLUSIONS: The combination of crromosome-specific probe sets composed primarily of cosmid ` 
contigs and optimized hybridization and detection allowed accurate chromosome enumeration in 
uncultured human chorionic villi; these results are consistent with those obtained by traditional 
cytogenetic analysis and suggest a use for fluorescence in situ hybridization as an adjunct to karyotyping 
when rapid results are needed. (Am J Osster GynecoL 1992;167:1522-5.) | 


Key words: Prenatal diagnosis, chorionic villus sampling, fluorescence in situ hybridization, 


molecular diagnosis, chromosome abnormalities 


` 
t 


Prenatal detection of chromosomal abnormalities 
currently relies on analysis of banded metaphase chro- 
mosomes. Such analysis is accurate znd reliable for the 
detection of aneuploidies and for more subtle abnor- 
malities. However, standard cytogenetic analysis is tech- 
ically demanding and can require 1 to 2 weeks to 
complete. Thus many people have perceived a need for 
simple methods for the rapid detection of chromosome 
abnormalities. 

Fluorescence in situ hybridization has the potential to 
significantly decrease the time required to identify chro- 
mosomal abnormalities by allowing the analysis of in- 
terphase chromosomes. Each human chromosome 
_ occupies a discrete focal domain in the interphase 
nucleus.” * The idea of using interghase chromosome 
‘analysis’, began with the analysis of the Barr and Y 
‘bodies to detect sex chromosome aneuploidies.* °Ad- 
“vances in molecular biology have now made it possible 
to generate a wide variety of chromosome-specific de- 
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oxyribonucleié acid probes, opening up the field of 


-, Interphase cytogenetics. 


In recent years a number of laboratories have worked | 
to develop rapid cytogenetic assays on the basis of 
hybridization to cell or chromosome preparations of 
chromosome-specific DNA probes that can be visual- 


. _ ized by fluorescence methods.*” A variety of probe sets 
` were; used in these studies, including (1) complex 
_ probes composed of the inserts from an entire chromo- 


some library,'*'® (2) a-satellite repeat probes,’ and (3) 


.. composite probes composed of single-copy subclones? 


and single cosmids'' and cosmid contigs.'' 

Clinical use of these assays has just begun. Consider- 
able success has been achievec with fluorescence in situ 
hybridization for identification of marker chromosomes 
and translocations in metaphase analysis. In contrast, 
early attempts at aneuploidy detection in uncultured 


» amniotic fluid cells suffered from limitations caused by 


probe design and assay conditions and did not result - 
in clinically useful assays.'* '* More recently, we have | 


’ "shown that use of DNA probe sets that are based on 


cosmid contigs that are chromosome specific, have high 
signal-to-noise ratios, and have good spatial resolution 


< of the fluorescent signals, coupled with careful attention 


to sample processing conditions, allows efficient prena- 


"tal detection of chromosomal, aneuploidies in uncul- 


tured amniotic fluid cells.'> '* However, amniocentesis is 
only one of the methods used to obtain fetal samples for 


Volume 167 i 
Number 6° 


Fluorescent in situ hybridization of chorionic villi 1523 


Table I. Results of 47 chorionic villus samples hybridized to five chromosome probes 


` 1 (95.5%) 
0 (98.0%) 


Male 1 (97.0%) 
Female . 


2 (94.9%) 
Combined 


2 (97.5%) 
Combined 


2 (96.4%) 
Combined 





9 (95.3%) . 


genetic analysis. Chorionic villus sampling is widely 
used to obtain cells for prenatal diagnosis of genetic 


abnormalities in the first trimester of pregnancy. We . 


herein report the results of a preliminary study in 


which, with the same probe set described above, we — 
were able to detect the major clinically relevant chro- 


mosomes present in uncultured chorionic villi and 


thereby demonstrate the potential clinical use of fluo- | 
rescence in situ hybridization for prenatal diagnosis in 


the first trimester. 


Material and methods 


Probe set development labeling and hybridization `. 
have been described in great detail elsewhere'® and will - 


not be repeated at length here. For this study a single 


probe set was used for each chromosome that mapped * 
to the following regions: 13q13 (D13S6), 18q22-qter . 


(MBP), and 21q22.3 (D21S71). Cosmid contigs were 


expanded as necessary to achieve a total sequence: 
complexity of 260 kbp; the chromosome 21 probe set _ 


is a three-cosmid contig containing 80 kb of nonover- 


lapping DNA, and the chromosome. 18 probe set IS a : 
three-cosmid contig containing 109 kb of nonoverlap- `. 
ping DNA, whereas the chromosome 13 probe set is a 


three-cosmid contig containing ~97 kb of nonoverlap- 
_ ping DNA. The specificity of the probe sets was verified 


. . aye . ! 
by fluorescence in situ hybridization to metaphase 


spreads. Chromosome X~specific cosmids were identi- 


fied from a cosmid library constructed from DNA of a.. 
human-rodent somatic cell hybrid that contained chro- . 


mosomes 13, 19, and X as the sole human components. 
A cosmid containing a pericentromeric repeat sequence 
was used as the X probe in this study. The Y probe used 


‘in this study was pDP97, a repetitive clone developed by | 
D. Page (Whitehead Institute of Biomedical Research, ` 


Cambridge, Mass.). The specificity and sensitivity of 
individual cosmid clones and cosmid contigs was rigor-' 
ously monitored and evaluated by fluorescence in situ 


hybridization against both metaphase spreads and in- ` 


terphase nuclei with short-term blood cultures and, 


uncultured amniotic samples, respectively, during the ` 
development of the autosomal probe sets. Villi were , 


, dissociated with trypsin and collagenase to yield a 
uniform suspension and processed for ny puciauon as 
previously described.”® 


Results `~. 


The chorionic villi analyzed in this study primarily 
represented excess tissue. remaining after the sample - 


7 


requirements for cytogenetic analysis were met. Forty- 
nine samples were analyzed with the probes for 21, 18, 
13, X, and Y. The number of nuclei in each sample that, 
displayed zero, one, two, three, or four hybridization 
signals in each sample were recorded. Signal distribu- 
tion was calculated as a percent for each sample, and 
the mean domain distribution was calculated for each 
probe set. The hybridization efficiency approached 
100% in all hybridized samples. As shown in Table I, 
96.4% of the hybridized nuclei in any disomic sample 
displayed two signals when analyzed with one of the 
autosomal probe sets. In contrast, one and three hy- 
bridization signals were detected in 3.1% and 0.6% of 
the nuclei, respectively. A similar distribution was seen 
for the sex chromosomes in which 95.3% of female 
nuclei showed two hybridization signals with the X 
chromosome probe, and one signal was seen each for 
the X and Y probe in 97.0% and 95.5%, respectively, of. 
male nuclei. Trisomy 21 was detected in one sample 
and confirmed by cytogenetic analysis. l 

However, it should be noted that one sample failed to’ 
hybridize to any probe, whereas four samples failed to 
hybridize to a single probe. The reason for these hy- 
bridization failures is currently unknown but is under 
investigation. 


Comment 


We have demonstrated that fluorescence in situ hy- 
bridization provides efficient and accurate prenatal de- 
tection of the five relevant chromosomal probes in — 
uncultured cells from chorionic villi. In this preliminary 
study the one aneuploidy tested was easily identified. In 
addition, we determined the frequencies with which 
each hybridization pattern would occur in normal and 
trisomic samples, which allowed us to begin to establish 
baseline performance criteria for the assay. 

Our study shows that high efficiencies can be 
achieved with uncultured chorionic villi used as target 
cells. Hybridization efficiency and the extent to which 
the hybridization pattern reflects the correct genotype 
are a product of probe design, hybridization efficiency, 
and signal detection. The impact of parameters such as 
sample fixation, cell permeability, probe size, and com- 
plexity may vary with cell type, as has been previously 
shown for lymphocytes, uncultured amniocytes, and 
tumor tissue." & 7% 11 15 17 1% 20 Tn the current limited 
study hybridization efficiencies obtained with uncul- 
tured chorionic villi were higher than those obtained 
with uncultured amniocytes. This result is similar to 
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that seen in studies comparing Barr body detection in 
buccal epithelium and hair root cells and most likely 
represents the difference in analyzing a population of 
healthy, viable cells compared with a population of 
terminally differentiated epithelial cells, many of which 
are shed decidua. 

It is obvious that high hybridization efficiencies must 
be achieved for in situ hybridization assays to have clini- 
cal use in prenatal diagnosis because the hybridization- 
detection efficiency of the assay grea:ly impacts the abil- 
ity to detect the third signal in trisomic cells and there- 
fore to accurately diagnose trisomies. If the aggregate 
probability of detecting a target chromosome is 0.9; then 
the probability of detecting two chromosomes in a nu- 
cleus is 0.9 x 0.9, or 0.81, while the probability of de- 
tecting three chromosomes Is 0.9 x 0.9 x 0.9, or 0.729. 
This study shows that high efficiencies can be achieved 
with uncultured chorionic villi used as target cells. 

The most common chromosomal abnormalities in 
newborns are trisomy 21, with an incidence of 1 in 800; 
trisomy 18, with an incidence of 1 in 8000; trisomy 13, 
with an incidence of 1 in 20,000; menosomy X (Turner 
syndrome), with an incidence of 1 in 10,000; and other 
sex chromosome aneuploidies, witk a combined inci- 
dence of 1 in 1000.” Together aneuploidies of the five 
chromosomes studied in this report can account for up 
to 98% of chromosome abnormalities in live births 
accompanied by birth defects in the child,” and 67% of 
all chromosomal abnormalities, if balanced transloca- 
tions are included. We therefore designed and tested 
probe sets targeted to these five chromosomes. The 
same hybridization conditions yield equivalent perfor- 
mance characteristics for all five probe sets, allowing 
them to be used for multicolor analysis when combined 
with multicolor fluorescence.” Probe sets for other 
target chromosomes could be designed, broadening the 
numter of abnormalities detected by the assay. 

Methods that allow rapid and accurate detection of 
fetal aneuploidies provide additiona_ time for thought- 
ful consideration of the test results and can aid in 
clinical decision-making when fetal abnormalities are 
seen on ultrasonography, when preterm labor occurs, 
etc. Analysis of interphase chromosomes with fluores- 
cence in situ hybridization is extremely rapid. Given 
that there are two technologies for extremely rapid 
results (fluorescence in situ hybridization and direct 
chorionic villus sampling), which is likely to be better? 
Direct chorionic villus sampling has the advantage of a 
complete karyotype, albeit of poor quality, but most 
experienced centers would be extremely cautious about 
acting clinically on a nontypical abnormality on the 
basis of a direct chorionic villus sampling alone. Fluo- 
rescence in situ hybridization will certainly miss those 
unusual karyotypes, and its main question will center on 
the development of thorough statistics as to its reliabil- 
ity. Much more data are needed. However, the results of 
the current preliminary study support the use of fluo- 
rescence in situ hybridization technclogy as an adjunct 


December 1992 
Am j] Obstet Gynecol 


to enhance standard cytogenetics, allowing accurate 
identification of trisomic chromosome constitution in 
uncultured chorionic villi in significantly less time. 
Analysis of the complete karyotype ensures that less 
common chromosomal abnormalities will also be 
detected. 
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The smaller than expected first-trimester fetus is at 
increased risk for chromosome anomalies 
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OBJECTIVE: Intrauterine growth retardation associated with fetal chromosome anornalies is usually 
documented on ultrasonography late in the second trimester. However, we believe and attempt to 
document here that the impact of aneuploidy on fetal growth is evident much earlier (i.e., the aneuploid 
fetus may appear smaller than dates on ultrasonography even in the first trimester). 

STUDY DESIGN: For the population referred to our center for choricnic villus sampling from January 
1988 to July 1991, we compared gestational age as calculated from the last menstrual period to that 
derived from fetal size as measured by crown-rump length. A cutoff of 7 days was chosen to select the 
study group. The remainder of our chorionic villus sampling population in which fetal size was expected 
was used as controls. We also divided those chorionic villus sampling patients by when a fetal death was 


observed by size. 


RESULTS: In the study period 3194 chorionic villus sampling procedures ware performed and in 277 
(8.7%) fetal length was smaller than expected by at least 7 days. Sixty (1.9%) chromosome anomalies 
were diagnosed by first trimester chorionic villus sampling in the study period. The frequency of 
chromosome anomalies was 4.3% in the study group and 1.7% in controls (p < 0.004). The more 
aberrant the karyotype on “postmortem chorionic villus sampling,” the greater the growth retardation 


tended to be. 


CONCLUSIONS: In our chorionic villus sampling population a fetal crown-rump length smaller than dates 
is associated with a significant increase in risk of chromosome anomalies. Moreover, the larger the 
size-dates discrepancy, the higher the possibility that the aneuploidy affecting that pregnancy is of the 


severe or lethal type. (Am J Oester Gynecot 1992;167:1525-8.) 


Key words: Chromosome anomaly, first trimester, fetal size 
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The diagnosis of symmetric intrauterine growth re- 
tardation (IUGR) in the second trimester indicates the 
need for further invasive diagnostic testing (e.g., am- 
niocentesis, late chorionic villus sampling, cordocente- 
sis) to exclude fetal chromosome anomalies. Up to 25% 
of fetuses with severe early onset IUGR are aneuploid, 
and such a diagnosis has a major impact on pregnancy 
management and fetal prognosis.’ Studies of fetal he- 
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matologic and liver function and blood gases imply thaz 


growth-retarded aneuploid fetuses have a pattern o= 


laboratory value alterations consistent with fetuses hav- 
ing IUGR with placental insufficiency. These’ data show 
that the aneuploid placenta provides inadequate respi- 
ratory and nutritional support for the developing fetus.” 
IUGR in aneuploid gestations is now often observed òr- 
ultrasonography in the late second trimester, somewhat 
earlier than seen with chronic placental insufficiency. 
Our clinical impression has been, however, that the 
impact of aneuploidy on fetal growth is actually evident 
much earlier; the aneuploid fetus may appear smaller 
than dates on ultrasonography even in the first trimes- 


ter, probably because of an inherent effect of aneu- — 


ploidy on cell growth and proliferation.’ 

In the first trimester measurement of the crown-rump 
length is the most useful parameter for pregnancy 
dating,” with a 95% confidence interval of plus or minus 
5 to 7 days.* * Errors in crown-rump length estimation 
may arise from flexion of the embryo or from inadvert- 
ent inclusion of the yolk sac in the measurement. In 
diabetics a crown-rump length significantly smaller 
than normal in early pregnancy has been associated 
with a significant risk of fetal malformations.” The 


‘association between a smaller-than- -expected crown- 


rump length and fetal aneuploidy has not. yet been 
reported. We decided to investigate this association in 
our population of patients referred for first-trimester 
prenatal diagnosis by chorionic villus sampling. The 
vast majority of these patients were 235 years of age, 


and therefore extrapolation to patients of younger age 


must be made cautiously. 


-Material and methods 


‘From January 1988 through fone 1991 we per- 
formed 3259 ultrasonographic scans immediately be- 
fore planned first-trimester chorionic villus sampling 
procedures, generally at 9 to 13 weeks’ gestation. Most 
patients were referred for advanced maternal age. In 65 
patients intrauterine fetal déath was observed on 
ultrasonography; these patients were excluded from the 
current study. In the remaining 3194 patients with 
viable gestations, the crown-rump length was measured 


. between calipers, and the ultrasonographic gestational 


age was calculated from available tables. This was 
compared with menstrual age, as calculated from the 
last menstrual period (or known ovulation, when avail- 
able}. Patients with a viable fetus in which the ultrasono- 
derived gestational age (crown-rump 
length) was smaller than the menst=ual gestational age 
by at least 7 days constituted the study group. When the 
ultrasonographically derived gestational age (crown- 
rump length) was found to be <6 days of menstrual 
age, patients were assigned to the control group. 
Fetal karyotype was evaluated 1n all patients by chori- 
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onic villus sampling. The transcervical approach was 
used in about 85% of cases. with the remainder per- 
formed by the transabodminal needle technique.” ° An 
amount of villi sufficient for karyotyping was ‘obtained 
in all cases. Both “direct” and “culture” methods, as 


described by Johnson et al.,? were used from 1985 to 


1988, and thereafter usually just culture for cytogenetic 
analyses. The frequency of abnormal karyotypes was 
calculated for each group and compared by x°. A 
probability <0.05 was considered significant. 

To evaluate the effect of different chromosomal ;ab- 
errations on fetal growth, zneuploid gestations were 
grouped according to severity: group 1, severe or lethal 
anomalies (e.g., trisomy 13 and 18); group 2, trisomy. 
21; and group 3, moderate to minor anomalies (i.e., sex 
chromosome aneuploidy, marker chromosomes, or bal- 
anced de novo translocations), The mean difference 
between menstrual age and ultrasonographically de- 
rived gestational age was analyzed by one-way analysis 
of variance and compared between groups by multiple- 


comparisons tests. 


Results 


Of 3194 chorionic villus sampling procedures per- 
formed in the study period, fetal crown-rump length 


' was smaller than expected by at least 7 days in 277 


(8.7%) patients. In toto 60 (1.9%) pregnancies were | 
affected by chromosome anomalies. The risk of having 
a chromosomally abnormal fetus was more than twice as 


-high in the study group as controls, 12 (4.3%) in the 


study group and 48 (1.7%) controls. Compared by x’, 
the frequency of chromosome anomalies in the study 


group was significantly higher (p < 0.004) than that 


observed in controls. We also analyzed cases by year 
(Table I). A yearly increase in the frequency of chromo- 
some anomalies in our study is clinically apparent, 
although this increase is only marginally significant and 
the implications are unclear. There were no differences 
in the mean size decrements by the exact gestational 


. age of the first trimester ultrasonography (data not 


shown). It is not clear what gestational age would have 
the greatest sensitivity for detection of abnormalities on 
the basis of ultrasonographic growth lags. 

The impact of severe or lechal chromosome anoma- 
lies on fetal growth is evident even in the first trimester. 
A mean gestational age difference of 9.1 days was 


` observed for group 1, as compared with 1 day for group 


2 and 2.4 days for group 3 (Table II). The mean 
difference between menstrual and ultrasonographic 


' gestational age in the severe or lethal group is signifi- 


cantly larger than that observed with trisomy 21 or in 
pregnancies affected. by relatively minor chromosome 
anomalies (p < 0.0043 and p < 0.01, respectively). 
The mean difference in expected-derived gestational 
age between trisomy 21 pregnancies and gestations 
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Table I. Frequency of chromosome anomalies by year 


l January-June 
1988 1989 I 990 199] Total 


Controls (crown-rump length'= gestational 1007 2917 
age — last menstrual period) . 
Abnormal results 5 (0.7%) 10 (1.3%) 20 (2%) 13 (2.8%) 48°(1.7%) - 


Study group (crown-rump length < gestational 98 l 67 68 44 > © 277 
age — last menstrual period) , 


Abnormal results* 3 (3%) 3 (4.5%) 4 (5.9%) 2 (4.6%) 12 (4.3%) 
Total chorionic villus sampling 777 841 1075 541 3194 l 
Abnormal results 8 (1%) 24 (2.2%) 15 (3%). 60 (1.9%) 


13 (1.5%) 





+? 8.5, p = 0.0035. 


y 


Table II. Mean difference between expected ànd observed gestational age in aneuploid gestations 


Mean size-dates difference 
Days 
(mean + SD) 






Multiple comparisons tests Significance 
Group 1: Severe or lethal 16 a A Eir 
Group 2: Trisomy 21 27 -1.0 + 8.1 
Group 3: Moderate 17 —~2.4 + 4.2 
TOTAL 60 


Group 1 vs group 2 
Group 1 vs group 3 
Group 2 vs group 3 


NS, Not significant. 


with relatively minor chromosomal aberrations is not 
significant. i 


T + 


Comment 


IUGR has been commonly classified into two types. 
Type I (or symmetric IUGR) refers to decreased growth 
potential caused by intrinsic factors in the fetus (i.e., 
chromosome anomalies; or extrinsic factors affecting 
the fetus and placenta from early stages of develop- 
ment.’ The latter would include congenital infections 


and some teratogenic drug effects. In type.I IUGR -> 


(about 20% of cases) the effect on fetal growth is 


predominanly on cellular hyperplasia; there is a fairly - 


uniform decrease in body size without selective sparing 
of any organs." Nevertheless, our previously published 
data on trisomy 18 suggest that even with aneuploidy 
-some organs may be differentially spared at different 
stages of gestation. Thus what has been previously 
called symmetric IUGR appears really to be an.asym- 


metric pattern that is dynamic in nature and may `“ 


change through the course of gestation.''.Asymmetric 
(type II, brain-sparing) IUGR is commonly associated 
with placental insufficiency, which is commonly mani- 
fested only in the third trimester. However, the cordo- 
centesis data in aneuploid prégnancies' imply that in 
these cases IUGR may also be mediated through dys- 
function of the chromosomally abnormal placenta. 

In our chorionic villus sampling population, a crown- 


bu 


3.341 = p< 0.004 
2:923 p = 0.01 
1.1 -p= 0.28 (NS) 


rump length smaller than expected by dates with a 
viable fetus is found in 8.6% of pregnancies scanned. 
However, in these pregnancies the risk of aneuploidy 
was 2.5 times higher than that encountered in gesta- 
tions with appropriate-for-age fetal size. Moreover, the 
size-dates discrepancy of aneuploid pregnancies in the 
first trimester appears to be dependent on the type of 
aberration involved and is more accentuated with se- 
vere or lethal chromosome anomalies than with trisomy 
21 or sex chromosome aneuploidy. These findings are 
in agreement with a previous study by our group 
analyzing the effect of the type of aneuploidy on ultra- 
sonographic findings in early fetal loss.” Aneuploid 
gestations with low viability potential had gestational 
age discrepancies significantly greater than those in 
pregnancies affected by chromosome anomalies with 
moderate viability potential, allowing us to assume that 
the more severe the chromesome anomaly, the larger 
the impact on fetal growth and pregnancy develop- 
ment. In term deliveries infants with trisomy 13 or 18 
have severe IUGR, whereas newborns affected by tri- 
somy 21 or sex chromosome aneuploidy are usually 
appropriate for gestational age. Thus it appears that 
the effect of aneuploidy on. fetal growth is not age 
dependent but is evident at all gestational ages, mod- 
ulated primarily by the type of aneuploidy involved. 
The yearly increase in rate of chromosome anomalies 
diagnosed by chorionic villus sampling is intriguing. An 
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obvious explanatory phenomenon (a change toward 
more advanced maternal age) could not be docu- 
mented in our patients. It is tempting to speculate on 
environmental factors (pollution, ccsmic ionizing radi- 
ation, etc.) causing a change in population risk for these 
disorders, but much larger studies over a longer period 
of time would be needed to substantiate such a theory. 
For the time being, we report this trend only as an 
observation that needs further evaluation. 

In conclusion, a fetal crown-rump length smaller than 
dates appears to be associated with a significantly 
higher risk of fetal chromosome anomalies. Moreover, 
the larger the discrepancy between size and dates, the 
higher the possibility that the aneuploidy affecting that 
pregnancy is of the severe or lethal type. We suggest 
that these data could be incorporated into genetic 
counseling before chorionic villus sampling. In patients 
undecided between chorionic villus sampling and am- 
niocentesis for advanced maternal age, observing on 
ultrasonography a smaller-than expected crown-rump 
length may indicate the desirability of choosing earlier 
prenatal diagnosis. It is not clear what such IUGR 
would mean in a younger age population. We are 
currently studying such data. 
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Prediction of pregnancy outcome with single versus serial 
maternal serum a-fetoprotein tests 


Katharine D. Wenstrom, MD, Susan L. Sipes, MD, Roger A. Williamson, MD, 
Stanley S. Grant, RN, David C. Trawick, and Louise C. Estle, RN 


Towa City, Iowa 


OBJECTIVE: The purpose of our study was to determine whether the trend of three maternal serum 
a-fetoprotein samples was more predictive of pregnancy outcome than the initial sample in the evaluation 


of patients with unexplained a-fetoprotein elevations. 


STUDY DESIGN: A total of 432 patients with unexplained elevation of their first two maternal serum 
a-fetoprotein samples had a third sample drawn. Pregnancy outcomes were determined. Patients were 
grouped for analysis according to the level of the initial sample, the final sample, and the trend of three 
samples. Statistical analysis was by x* and logistic regression, with p < 0.05 considered significant. 
RESULTS: The initial maternal serum a-fetoprotein was most predictive of preterm delivery (p < 0.001), 
size small for gestational age (p < 0.001), and intrauterine fetal death (p = 0.009). Neither the final value 


nor the trend of three values was as prognostic. 


CONCLUSION: The first maternal serum a-fetoprotein is the best predictor of pregnancy outcome. 
Obtaining a second sample to confirm the elevation is appropriate, but additional samples provide 


minimal information, (Am J Ogster Gyneco. 1992;167:1529-33.) 


Key words: Elevated maternal serum a-fetoprotein 


In 1972 Brock and Sutcliffe’ reported that the level of 
a-fetoprotein (AFP), a blood component unique to the 
fetus, was significantly elevated in the amniotic fluid of 
gestations complicated by anencephaly and spina bi- 
fida. Because AFP diffuses across fetal membranes into 
the maternal circulation, change in maternal serum 
AFP level was readily adopted as a screening test to 
identify pregnancies at risk for neural tube defects.” ° 
Early publications suggested that otherwise unex- 
plained elevations in maternal serum AFP were associ- 
ated with low birth weight and other poor pregnancy 
outcomes.*” Subsequent experience has confirmed that 
correlation.** . 

Although the precise cause of elevated maternal se- 
rum AFP in high-risk pregnancies is unknown, such 
elevated levels are presumed to be the earliest manifes- 
tation of placental insufficiency.’ If this assumption is 
correct, it might also be assumed that worsening or 
improving placental function would be reflected by the 
trend of serial maternal serum AFP values and that such 
trends could be used to predict outcomes or even to 
guide management. The utility of serial maternal serum 
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AFP samples to predict pregnancy outcome has not 
been previously investigated. 

To determine whether the trend of three serial ma- 
ternal serum AFP values was more predictive of out- 
come than a single sample, we reviewed our experience 
with 432 pregnancies characterized by elevated mater- 
nal serum AFP. 


Material and methods 


The State of Iowa Maternal Serum AFP Screening 
Program has provided centralized laboratory and clin- 
ical genetics services to all obstetric patients in the state 
since 1984. All samples are processed at the University 
Hygienic Laboratory and interpreted according to es- 
tablished normal levels for Iowa’s population. Partici- 
pating obstetric patients have serum drawn for AFP 
testing between 15 and 20 weeks’ gestation. If this 
sample shows AFP levels to be elevated (2 2.2 multiples 
of the median), an ultrasonographic examination to 
confirm estimated gestational age is performed and a 
second maternal serum sample is obtained. If one of 
the two maternal samples is 22.2 multiples of the 
median and the other 22.5 multiples of the median, 
the patient is offered a level II ultrasonographic evalu- 
ation and, on the basis of this evaluation, an amniocen- 
tesis. A third maternal serum sample is obtained just 
before the procedure. Most patients with an elevated 
maternal serum AFP at 15 weeks are able to have two 
more samples drawn before 20 weeks, considering the 
time interval required between samples to obtain and 
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interpret results, provide counseling, and submit repeat 
samples. In all cases the three maternal serum AF? 
samples were obtained at 1l- to 3-week intervals between 
15 and 22 weeks’ gestation. 

During the 3-year period from 1987 to 1990, 35,860 
samples were tested. The initial sample was = 2.2 mub 


tiples of the median in 4783 cases; 957 (2.7%) had an — 


elevated second sample. Six hundred sixty-five patients 
' (1.85%) elected to proceed to level II ultrasonographic 
evaluation and possible amniocentesis. An identifiable 
` cause for the elevated maternal serum AFP (neural tube 
defects, body wall defects, multiple gestation, fetal 


death, congenital nephrosis, anhydramnios) was found | 


in 56 (8.4%): Six hundred nine patients with unex- 
plained elevation of maternal serum AFP remained fo- 
analysis. ‘Follow-up information was obtained on 432 


an 


Table I. Analysis 1: Initial maternal serum AF P 






Small-for-gestational-age Ss 17/216 
Preterm* 17 ‘42/246 


Intrauterine fetal death L 2/246 


MoM, Multiples of the median. 
*Delivery <37 weeks’ gestation. 


Table If. Analysis 2: Final maternal serum AFP 







Smiall-for-gestational-age 19 16/165 
Preterm 19 36/190 | 
Intrauterine fetal death l 2/190 ` 


MoM, Multiples of the median. 


$ 


Table III. Analysis 3: Initial and final maternal serum AFP 













Final group Al: 
<2.2 MoM 


Final group A2: 
2 2.2—-<3.0 MoM 





. Small-for- 8 9/118 7 6/90 ` 25 
gestational-age , TE; 
Preterm* 16 19/118 14 13/90 25 
Intrauterine * © 0 0/118 0 0/90 12 
fetal death: = ; ` 


McM, Multiples of the median. 
*Delivery <37 weeks’ gestation. 


> 3.0+<5.0 MoM 


22.2—<2.9 MoM 






, Initial group A: 22.2—<3.0 MoM © 


Final group A3: Final group B1: 
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(71%) of 609. Patients lost to follow-up had maternal 
serum AFP levels randomly distributed among the anal- 
ysis groups and did not represent a trend toward either 
high or low repeat samples. ` 

Information concerning pregnancy course and out- 
come was obtained on all study patients by direct chart 
review, contact with referring physician, or patient ques- 
tionnaire. Gestational age at delivery, birth weight, ` 
and: infant condition were specifically analyzed. Infants 
were categorized as’ small, average, or large for gesta- 
tional age according to the Iowa birth weight normative 
table.’ ` 

All study patients had 23 mata serum AFP sam- 
ples drawn at 1- to 3-week intervals between 15 and 22 
weeks’ gestation. If >3 samples were obtained, only the 


. first three were used for analysis. The initial values and 





Group B: 





24/137 . 39 7/18, 0.0016 
35/163 56 13/23 0.0001 
1/163 13 3/23 0.00001 









Grcup C: 
23.9 MoM 
, (n = 60) 


` Group B: 






16/160 33 16/48 0.0008 
39/184 37 22/60 0.0043 
0.0324 


1/183 5 3/57 


Initial group B: =3.0~<5.0 MoM 






Final group B3: 
>=3.0 MoM 
(n = 35) 


Final group B2: 
2 2.2—<3.0 MoM 
(x = 77) 








2/8 16 7/43 15 10/65 24° 7/29 


28 23 1043 2 14/65 21 6/29 
1/8 9 1/48 0 0/65‘ 0 0/99 
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trends of the maternal serum AFP samples were used to 
group the patients in various ways for analysis. Patients 
were first grouped according to the degree of elevation 
of the initial sample (analysis 1): group A = first sample 
22.2 <3.0 multiples of the median (n = 256); group 
. B = first sample =3.0 <5.0 multiples of the median 
(n = 163); group C = first sample =5.0 EDIS of 
the median (n = 23). 

All patients: were then grouped according to the 


degree of elevation in the final sample (analysis 2): . 


group A = third sample <2.2 multiples of the median 


(n = 190); group B = third sample =2.2 <2.9 multi- 


ples of the median (n = 190); group C = third sample 
= 3.0 multiples of the median (n = 59). These cutoffs 
were chosen because they provided the most balanced 
distribution of cases. Too few patients had a final 
sample 25.0 multiples of the median to retain this 
value as a grouping parameter. 

Last, study patients were grouped according to both 
initial and final maternal serum AFP (analysis 3): 

Group A = first sample 22.2 <3.0 multiples of the 
_ median; final sample <2.2 multiples of the median 
(Al, n = 134), 22.2 <3.0 multiples of the median (A2, 
n = 102), or 23.0 multiples the median (A3, 
n = 10). 

Group B = first sample 23.0.<5.0 multiples of the 
median; final sample <2.2 multiples of the median 
(Bl, n = 51), 22.2 <3.0 multiples of the median (B2, 
n = 77), 23.0 multiples of the median (B3, n = 35). 

Group C = first sample =5 multiples of the median; 
final sample <2.2 multiples of the median (C1, n = 5), 
22.2 <3.0 (C2, n = 3), 23.0 (C3, n = 15). 


Statistical analysis was by x”. Logistic regression anal- ` 


ysis was performed to determine whether the first, final, 
or combined maternal serum AFP values were most 
predictive of outcome. Probability <0.05 was consid- 
ered significant. 


Results 


The results of analyses 1, 2, and 3 are presented in | 


Tables I, II, and HI, respectively. Although all informa- 


Initial group C =5.0 MoM 


Final group CH: Final group C2: 
<2.2 MoM 2 2.2—<3.0 MoM 
(n = 3) 


0: 4 0/4 0 -* 0/3 


50 9/4 . 0 0/3 
0 ea a 2r 0 -03 
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tion was not available from all study patients, in general 
information regarding gestational age of delivery and 
the occurrence of an intrauterine fetal death was excel- 
lent (> 95% response) and information regarding birth 
weight was good (> 78% response). 

The best predictor of outcome was the value of the 
initial maternal serum AFP sample (Table 1). Patients 
whose initial sample was 25.0 multiples of the median 
had the worst prognosis, with a 39% incidence of 
preterm delivery and 13% incidence of intrauterine 
fetal death. 

Prediction of prognosis was not araea by analysis 
of the final (third) maternal serum AFP sample (Table 
II). Patients whose maternal serum AFP normalized by 
the third value (group A) were not significantly different 
from those whose values remained mildly elevated 
(group B). Patients whose final sample persisted > 3.0 
multiples of the median had the worst outcome, with a 
33% incidence of small-for-gestational-age infants, 37% 
incidence of preterm delivery, and 5% incidence. of 
intrauterine fetal death. The predictive value of a final 
maternal serum AFP = 3.0 multiples of the median was 
not as good, however, as the predictive value of an 
initial serum 25.0 multiples of the median. 

In the third analysis (Table III) patients were 
grouped according to the trend of the three samples 
(i.e., degree of elevation of the initial sample plus the 
trend toward normalization, maintenance of the same 
degree of elevation, or worsening of the final sample). 
Although the numbers in each subgroup were small, the 
trend of the three samples did not appeal to improve 
predictive value. 

After statistical analysis of each group with x’, the 
data was reevaluated with logistic regression. All of our 
results were confirmed. For all three variables exam- 
ined, the value of the initial maternal serum AFP was 
most predictive (p < 0.001 for small for gestational 
age, p =Q.009 for intrauterine fetal death, p < 0.001 
for preterm delivery). Neither the final maternal serum 
AFP (p = 0.002 for small, for gestational age, p < 0.25 
for intrauterine fetal death, p < 0.025 for preterm 


Final group C3: 
->30 MoM 





l p Value 

64 7/11 0.0009 

54 6/11 0.0813 
9 "Yi 


0.0014 
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delivery) nor the trend of three samples (p = 0.08 fer 
_ small for gestational age, p not significant for intrauter- 
ine fetal death, p = not significant for preterm delivery) 
was as predictive of pregnancy outcome. 


Comment 


AFP is a single-chain a-globulin produced in the yolk 
sac and liver of developing fetuses. When the yolk sac 
degenerates at 12 weeks post conception, AFP is prc- 
duced exclusively by the fetal liver at an increased rat2 
until 13 to 14 weeks; AFP then gradually declines 
toward term." * '' It is excreted in fetal urine and can be 
readily detected in the amniotic fluid after 10 weeks’ 
gestation. AFP diffuses across fetal membranes (and 
may also be transported via the placental circula- 
tion'™ '*) and is normally found in ever-increasing quan- 
tities in maternal serum after 12 weeks.” 

The function of AFP is unknown. Although some 
evidence suggests that it is immunosuppressive, othe? 
data indicate that it may not affect or it may actually 
enhance immunologic reactions.’ It does not appear 
to be essential to normal intrauterine life because con- 
genital deficiency of AFP in association with normal 
pregnancy outcome has been reported.” Fetal serum 
AFP has been shown to inversely correlate with fetal 
weight percentile’ and gestational age’® and is known 
to be higher in male fetuses than in females.” Neonata. 
data suggest that viral hepatitis with compensatory 
hepatocyte proliferation increases AFP production.” 
Intrauterine infection as a cause of AFP elevation has 
been reported.’° 

The maternal serum AFP level is increased by fetal 
malformations or other situations m which AFP excre- 
tion is enhanced (neural tube defects, abdominal wall 
defects, congenital nephrosis, mulziple gestation) and 
thus serves as a screening test for these conditions.‘ 
Since its inception as a routine obstetric test, however, it 
has >ecome apparent that maternal serum AFP levels 
can also be elevated without obvious explanation. Such 
elevations may nevertheless indicate an increased risk 
for poor perinatal outcome, including intrauterine 
growth retardation, preterm delivery, and fetal death.°* 

The mechanism and consequences of otherwise un- 
explained elevations in maternal serum AFP levels are 
unknown. Although the high levels may result from 
increased fetal production in response to stress or 
infection, amniotic fluid AFP levels m these patients are 
normal. As fetal serum and amniotic fluid AFP levels 
may correlate poorly, cordocentesis would be required 
to confirm this cause and would be technically difficult 
at the gestational ages usually evaluated. Fetomaternal 
transfusion is an occasional cause of increased maternal 
serum AFP and probably accounts for a small percent- 
age of these cases.*° Abnormalities of placental struc- 
ture or function are believed to be responsible for the 
majority, with the AFP elevation assumed to be the 
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earliest manifestation of placental insufficiency.’ If this 
hypothesis is correct, it might be assumed that increas- 
ing placental dysfunction leading to the poorest out- 
comes would be reflected by more severe elevations in 
serial maternal serum AFP values. 

Our data indicate, however, that neither the trend of 
serial maternal serum AFP values nor the degree of 
elevation in the final sample provide more predictive 
information than the initial value. It may be that out- 
come is determined by the initial placental insult and is 
best reflected by the frst sample. If the elevations result 
from increased fetal production, it is possible that 
ongoing stress compromises fetal liver metabolism such 
that AFP production and subsequent AFP levels become 
variable. If fetomaternal hemorrhage accounts for the 
high initial maternal serum values, it would be expected 
that ongoing bleeding would result in early fetal loss 
and that recovery from an acute episode would be 
associated with fetal viability and variable or declining 
AFP. Last, until more is known about transport of AFP 
by the placental circulation, the possibility that ongoing 
placental dysfunction with decreased capillary surface 
area causes variable AFP transport must be considered. 

Whatever the explanation, our results indicate that 
the degree of elevation of the first maternal serum AFP 
sample is the best predictor of pregnancy outcome. 
Obtaining a second sample to confirm the elevation is 
appropriate, but additional samples provide no more 
information. Further research is needed to determine 
the etiology and pathophysiology of elevated maternal 
serum AFP levels in these patients. 
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Measurement of amniotic fluid volume: Accuracy of 


ultrasonography techniques 


Everett F. Magann, MD,* Thomas E. Nolan, MD,” L. Wayne Hess, MD," 
Rick W. Martin, MD,’ Neil S. Whitworth, PhD,* and John C. Morrison, MD 


Jackson, Mississippi, and Augusta, Georgia 


OBJECTIVE: Our purpose was to determine amniotic fluid volume by the dye-dilution technique and 
compare it with the amniotic fluid index, largest vertical pocket, and two-diameter pocket (defined as 


vertical x horizontal of the largest vertical pocket). 


STUDY DESIGN: This prospective study involved 40 women undergoing amniocentesis in late pregnancy 
to detect fetal lung maturity or evidence of chorioamnionitis. The amniotic fluid volume was quantified 
ultrasonographically by means of the amniotic fluid index, largest vertical pocket, and two-diameter 
pocket. During amniocentesis the fluid volume was calculated by the dye-dilution technique of Charles 


and Jacoby. 


RESULTS: Ultrasonographic measurements by amniotic fluid index, largest vertical pocket, and 
two-diameter pocket correctly predicted normal amniotic fluid and hydramnios (74%). A new 
measurement, two-diameter pocket, gave a significantly more accurate estimate of oligohydramnios than 
did amniotic fluid index (p < 0.002) or largest vertical pocket (p < 0.0003). 

CONCLUSION: All three indices are moderately accurate in identifying normal amniotic fluid volume and 
hydramnios. Two-diameter pocket is the most accurate test to predict oligohydramnios. (Am J Osstet 


GYNECOL 1992;167:1533-7.) 


Key words: Amniotic fluid, oligohydramnios, ultrasonography 
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Documentation of abnormalities of amniotic fluid 
volume may provide valuable information to enhance 
fetal health assessment. Decreased amounts of amniotic 
fluid, particularly in the third trimester, have been 
associated with multiple fetal risks, including death, 
pulmonary hypoplasia, growth retardation, and other 
complications.'* In contrast increased amounts of am- 
niotic fluid are correlated with fetal anomalies, twins, 
and insulin-dependent diabetes." ° A simple, inexpen- 
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sive, clinically useful test that will accurately determine 
amniotic fluid volume js needed. Unfortunately, even 
under research conditions techniques to confirm this 
measurement late in pregnancy are lacking. 

- Ultrasonography is noninvasive and clinically car. 
quantitate the amniotic fluid volume. It can be used tc 
evaluate amniotic fluid volume: by measurement of g 
single pocket of amniotic fluid or by means of a semi- 
quantitative four-quadrant technique." ® 7” Volume as- 
_ sessment by these techniques can be performed quickly, 
is easily taught, and is reproducible.’ However, late in 
pregnancy, when it is most needed clinically, ‘the error 
rate of ultrasonography is at its highest. 

Dye-dilution methods can be used to determine the 
amount of amniotic fluid in the same way the technol- 
_ ogy is used in calculating cardiac output.* Amniotic 
fluid volume, as measured by a dye-dilution technique, 
has been correlated with the amniotic fluid as deter- 
mined by ultrasonography in women undergoing sec- 
ond-trimester abortions.’ Currently these techniques 
are the most accurate methods used to measure. amni- 


otic uid volume. However, they are time-consuming, 


cumbersome, and invasive. Unfortunately, correlation 
of a single pocket of amniotic fluid cr the amniotic fluid 
index with the actual volume of fluid as determined by 
dye-dilution techniques in the third trimester of preg- 
nancy has not been accomplished. 

The purpose of this study is to ccrrelate the amount 
of amniotic fluid as measured by ultrasonographic as- 
sessment with the actual volume determined by dye- 
dilution techniques in late pregnancy. In addition, we 
calculated the pocket volume as a new measurement in 
the evaluation of amniotic fluid volume. 


Material and methods 


= This study comprised 40 women in the third trimes- 

ter cf pregnancy undergoing amniocentesis for the 
_ evaluation of fetal lung maturity or to detect subclinical 
‘ chorioamnionitis in amniotic fluid. Inclusion criteria 
were as follows: (1) pregnancy between 28 and 37 
weeks’ gestation, (2) informed consent, (3) intact mem- 
branes, not in labor, and (4) maternal age > 15 years. 
Exclusion.criteria were (1) lack of desire to participate 
in this study, (2) pregnancies < 28 weeks’ gestation, and 
(3) parturients <15 years old. Patients who agreed to 
participate in the study were then asked to sign a 
consent form.approved by the Investigational. Review 
Board of the University of Mississippi Medical Center. 


Ultrasonography was performed in all cases by the. 


same physician with an’ Ultramark-4 device (Advanced 
Technology Laboratories, Bothell, Wash.). The amni- 
otic fluid volume was assessed by means of the largest 
pocket method, as described by Chamberlain et al.’ In 
this technique the vertical and transverse diameters of 

the largest pocket of amniotic fluid were measured and 
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recorded. The depth of the pocket was measured at a 
right angle to the uterine contour. A depth of <1 cm 


was Classified as decreased, 1.1 to 2 cm as marginal (0 to 


2 cm as oligohydramnios), 2.1 but <8 cm as normal, 


_ and > 8.1 cm as hydramnios. Amniotic fluid volume was 


also determined by the two-diameter pocket. This vol- 
ume consists of the vertical dimensions multiplied by ` 


the horizontal diameter of the largest pocket. The 


two-diameter pocket is a new measurement and a vari- 
ation of the largest vertical pocket technique. The 
two-diameter pocket measurements corresponding to 
oligohydramnios, normal fluid, and hydramnios were 


' ` compared with the actual fluid volume. These values 


were then compared with amniotic fluid index values on 
a receiver-operator characteristic curve and the ranges 
for each, fluid volume were determined. A two-diameter 
pocket of 0 to 15 cm was oligohydramnios, 15.1 to 50 
cm was normal fluid, and >50.1 cm was hydramnios. 

The amniotic fluid volume was also assessed by the 
four-quadrant technique as described by Phelan. The 
uterus was divided intc-four quadrants: by the umbilicus 
transversely (into upper and lower halves) and by: the 
linea nigra vertically (into right and left halves). The 
maximum vertical diameter of the largest pocket in 
each quadrant without an aggregate of cord or fetal 


. extremities was measured in centimeters. A depth of 0 


to 5 cm equates oligohydramnios, 5.1 to 8 cm low, 8.1 
to 18 cm normal, and >18 cm high. 

After assessment of amniotic fluid volume by ultra- 
sonography, amniocentesis was performed. After amni- 
otic fluid was obtained for clinical studies, 2 ml of a 20% 
aqueous solution of aminohippurate sodium (400 mg, 
Merck, West Point, Pa.) was injected into the amniotic 
cavity. The amniocentesis needle was left in the amni- 
otic cavity and continuous ultrasonographic monitoring 
of needle placement and fetal position was performed. 
The plunger of the syringe was withdrawn and de- 
pressed several times to promote rapid mixing of ami- 
nohippurate sodium with amniotic fluid. Three millili- 
ters of amniotic fluid was co_lected 20 to 30 minutes 
after injection of aminohippurate sodium. It has been 
our experience, and also has been reported by others,” 
that optimal mixing of,amnictic fluid has occurred by 
this time. The samples were frozen at —20° C until” 
assayed for aminohippurate sodium concentrations. 

Aminohippurate ‘sodium concentrations and amni- 
otic fluid volumes were determined with the diazo 
dye—reaction and spectrophotometric technique of 
Charles and Jacoby.* ° The intraassay and interassay 
coefficient of variation was 1.9% and 3.5%, respectively. 
Serial dilutions of samples yielded aminohippurate so- 
dium concentrations that were 101.8% of the expected 
value, and aminohippurate scdium added to a pool of 
amniotic fluid was recovered at a rate of 110.0%. 

The data were evaluated by x? analysis. Between- 
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Table I. Demographic characteristics 


Age Gestational age 
(yr) (wk) 





Amniotic fluid volume 1535 





Native 
American 
23.0 2: 5.7 34.3 + 2.1 PS eo a ie 4 
Table II. Amniotic fluid volume test performance characteristics 
Sensitivity Specificity Test efficiency 
(%) (%) (7%) 

Oligohydramnios 

Amniotic fluid index 6.7 100 65 

Largest vertical pocket 0.0 100 62.5 

Pocket volume 60.0 84 75 
Normal amniotic fluid 

Amniotic fluid index 73.7 28.6 50 

Largest vertical pocket 94.7 14.3 52.0 

Pocket volume 73.7 42.6 65 
Polyhydramnios 

Amniotic fluid index 83.3 85.3 85 

Largest vertical pocket 50 97 90 

Pocket volume 50 97 90 


group differences with p < 0.05 were considered statis- 
tically significant. 


Results 


The patients’ ages ranged from 17 to 39 with a mean 
of 23.8 + 5.7 years, gestational ages ranged from 29 to 
37 weeks with a mean of 34.3 + 2.1 weeks, and gravid- 
ity ranged from 1 to 5 with a mean of 1.9 + 1.2 (Table 
I). Thirty-one of the patients were black, four were 
Native American, and five were white. No evidence of 
intrauterine growth retardation or chorioamnionitis was 
present in this population. Preterm labor was present in 
23 patients who underwent amniocentesis to evaluate 
the amniotic fluid for signs of subclinical infection, and 
the remaining 17 were assessed for fetal lung maturity. 

Ultrasonographic measurements were compared with 
amniotic fluid volume, as determined by the dye-dilu- 
tion technique. Fluid volumes as quantitated by dye 
dilution were defined as oligohydramnios <500 ml 
(n = 15), normal fluid 500 to 1500 ml (n = 19), or 
hydramnios > 1500 ml (n = 6). Normal fluid volumes 
(as confirmed by dye dilution) were correctly detected 
ultrasonographically by the two-diameter pocket in 
61%, by amniotic fluid index in 50%, and by largest 
vertical pocket in 50% of cases. These values were not 
different statistically. Hydramnios was identified by the 
pocket volume in (4/6) 67%, by amniotic fluid index 
(5/6) in 84%, and by largest vertical pocket (3/6) in 50% 
of the patients (p = 0.136). 

The test efficiency of the two-diameter pocket was 
75% compared with 65% with the amniotic fluid index 
and 62.5% with the largest vertical pocket when applied 


only to subjects with oligohydramnios (Table II), The 
two-diameter pocket gave a significantly more accurate 
estimate of oligohydramnios than did the amniotic fluid 
index (p < 0.002) and the largest vertical pocket 
(p < 0.0003). A receiver-operator characteristic curve 
for oligohydramnios was constructed for the two-diam- 
eter pocket and amniotic fluid index. The largest ver- 
tical pocket failed to identify any patients with oligohy- 
dramnios and was not used. A graphic representation 
(Fig. 1) demonstrates the superiority of the two-diam- 
eter pocket compared with the amniotic fluid index 
over their entire range of values. 


Comment 


Amniotic fluid volume is an important adjunct in 
assessing fetal well-being and predicting certain peri- 
natal disorders." * * The incidence of major congenital 
anomalies, insulin-dependent diabetes, multiple preg- 
nancies, premature labor, and abruptio peas is 
increased in women who have hydramnios.° Oligohy- 
dramnios and placental insufficiency are significantly 
related in the prolonged pregnancy.'" '* Oligohydram- 
nios in the second trimester of pregnancy is associated 
with increased perinatal morbidity.” The determina- 
tion of amniotic fluid volume whether normal, oligohy- 
dramnios, or hydramnios has become an important 
diagnostic assessment in the overall evaluation of the 
fetus in late pregnancy. 

Older techniques of determining amniotic fluid vol- 
ume were cumbersome and required leaving a needle in 
place or the performance of two amniocenteses. In spite 
of their accuracy, their cumbersome nature limited 
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Fig. 1. Receiver-operator characteristic curve comparing amniotic fluid index (AFI) versus pocket 


volume in analysis of cligohydramnios. 


usefulness. They have been replaced by ultrasono- 
graphic estimations. The largest vertical pocket, as 
developed by Chamberlain et al.,' continues to be used 
as one of the five parameters evaluated in the biophys- 
ical profile.'* The amniotic fluid index was used by 
Rucherford et al. to show a statistically significant 
increase in meconium staining, cesarean section for 
fetal distress, and Apgar scores >7 at l and 5 minutes 
when the index value was <5. 
The amniotic fuid index has been compared by 
Mcore”’ to the largest vertical pocket technique and 
found to be a better predictor of abnormal amounts of 
amniotic fluid (either oligohydrammios or hydramnios). 
In this study oligohydramnios and hydramnios, as de- 
fined by the amniotic fluid index, were compared with 
measurements of the largest vertical pocket. He found 
that the largest vertical pocket of <3 cm when com- 
pared with the amniotic fluid index from 1178 high-risk 
patients predicted those infants below the 5th percen- 
tile only 51% of the time. The largest vertical pocket of 
2& cm also predicted hydramnios poorly when com- 
pared with 95% for the amniotic fluid index group. This 
study used two ultrasonographica-ly determined evalu- 


ations of amniotic fluid volume. The actual volume of ` 


amniotic fluid was not known. 
Ultrasonographic measurements have not been cor- 


related with actual fluid volume confirmed by dye dilu- 
ton techniques in the third trimester, so that the defi- 
nitions of normal, oligohydramnios, and hydramnios as 
they relate to amniotic fluid index and the largest 
vertical pocket have not been validated. The amniotic 
fluid volume determined by dye dilution technique 
compared very favorably with amniotic fluid volume 
versus gestational age and previously collected and 
published data on amnictic fluid volume changes 
throughout pregnancy.’ Our study confirms that the 
amniotic fluid index with a sensitivity of 6.7% and the 
largest vertical pocket with a sensitivity of 0% are poor 
predictors of oligohydramnios. The two-diameter 
pocket correctly identified cligohydramnios 60% of the 
time, significantly better in comparison with the average 
vertical pocket and amniotic fluid index. A receiver- 
operator characteristic curve that provides a clear 
graphic analysis of the performance of diagnostic tests 
showed that the two-diameter pocket is the superior test 
in comparison to the amniotic fluid index over nearly 
the entire range of values. The receiver-operator char- 
acteristic curve did not reveal an amniotic fluid volume 
ultrasonographic index in oligohydramnios that could 
be used to increase the sensitivity of the test without 
leading to an unacceptably aigh false-positive rate. Any 
of the three ultrasonographic measurements evaluate 
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normal and increased amounts of amniotic fluid equally 
well. The two-diameter pocket in comparison with the 
amniotic fluid index and the largest vertical pocket is 
the superior test in the evaluation of oligohydramnios. 


We thank Denise Montgomery for skilled technical 
assistance in conducting this investigation. 
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Hepatic histopathologic condition does not correlate with 
laboratory abnormalities in HELLP syndrome (hemolysis, 
elevated liver enzymes, and low platelet count) 


John R. Barton, MD, Caroline A. Riely, MD,” Thomas A. Adamec, MD, 
Douglas R. Shanklin, MD,” ° Aldo D. Khoury, MD, and Baha M. Sibai, MD* 


Memphis, Tennessee 


OBJECTIVE: Our objective was to categorize the histologic lindings in the liver in patients with HELLP 
syndrome (hemolysis, elevated liver enzymes, and low plate et count) and to correlate these findings with 


the severity of clinical laboratory abnormalities. 


STUDY DESIGN: Eleven patients with laboratory criteria for HELLP syndrome who required cesarean 
delivery underwent needle biopsy of the liver under direct visualization. 

RESULTS: Eight patients had periportal hemorrhage, and sx had fibrin deposition. Fatty infiltration was 
seen in four, one with large-droplet fat, three with microvesicular fat. There was no statistically sign icant 
correlation between the severity of the histologic findings of periportal hemorrhage and fibrin deposition 
and the clinical labcratory findings. Fetty infiltration did not correlate with the severity of the HELLP 
syrdrome’s histologic condition, but, n contrast, did correlate with thrombocytopenia and 


aminotransferase elevations. 


CONCLUSIONS: Laboratory abnormalities do not accurate y reflect the severity of the underlying 
histopathologic condition in HELLP syndrome. We propose that all patients with HELLP syidrome 
regardiess of the degree of their laboratory abnormalities, be treated aggressively, primarily with delivery. 


(Am J Osstet GynecoL 1992;167:1538-43.} 


Key words: HELLP syndrome, liver biopsy, histopathology 


Preeclampsia ts a complication of pregnancy tradi- 
tionally characterized by the triad of elevated blood 
pressure, proteinuria, and generalized edema. Wein- 
stein’ coined the term “HELLP syndrome” to descr_be 
a special group of preeclamptic pregnant women. with 
evidence of hemolysis (“H”), elevated liver enzymes 
(“EL”), and low platelet (“LP”) count. Maternal end 
perinatal morbidity and mortality are increased in these 
patients and their progeny.’ The histopathologic con- 
dition of hepatic lesions associated with HELLP syn- 
drome has been described in several case reports.”” It is 
not. clear, however, whether an association exists be- 
tween the clinical laboratory abnormalities and the 
histopathologic findings. Further, there is speculation 
that a pathologic continuum may exist between HELLP 
syndrome, preeclamptic liver disorders in general, and 
acute fatty liver of pregnancy.® If such a continuum is 
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Table I. Classification of hepatic 
histopathologic conditions 


Periportal hemorrhage 


None 0 
Focal periportal ed 
General periportal +2 
Focal panlobular +3 
Panlobular (peliotic) +4 
Fibrin deposition 
None 0 
Sinsusoidal layering l + 
Nodular aggregates +2 


indeed proved, current trends for conservative manage- 
ment of HELLP syndrome may be unjustified and 
potentially life-threatening. 

The purpose of this study is to categorize the micro- 
scopic findings from liver biopsies obtained under di- 
rect visualization after cesarean delivery from pregnan- 
cies complicated by HELLP syndrome and to correlate 
these microscopic findings with the severity of the 
concurrent clinica. and laboratory abnormalities. 


Method and materials 


The study population consisted of 11 patients seen at 
the E.H. Crump Women’s Hospital of the Regional 
Medical Center, Memphis, Tennessee. This protocol 
was formally approved by the Investigational Review 
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Table II. Clinical characteristics, laboratory values, and hepatic histopathologic condition 













Maximum 



















Gestational | Mean arterial | Platelet aspartate 
age blood pressure nadir | aminotransferase 
Patient (x 10°/L) (U/L) 











Maximum Maximum 








































lactic total 
dehydrogenase | bilirubin | Pertportal Fibrin 
(U/L) (mg/dl) hemorrhage | deposition | Steatosis 





HELLP syndrome 
l S9 113 22 2002 3839 1.9 2 l l 
2 38.5 133 61 767 1130 1.5 l 0 l 
3 28 129 59 290 1023 0.9 2 2 0 
4 36 114 34 740 609 1.8 4 2 2 
5 27 136 74 72 600 0.6 l 0.5 0 
6 24 160 98 78 652 0.5 l 0 0 
7 35 123 89 201 585 1.4 0 0 0 
8 35 126 83 96 622 0.3 0 l 0 
9 32 127 31 245 956 3.4 0 0 3 
Incomplete HELLP 
10 29 133 80 153 398 0.2 3 2 0 
1] 29 156 86 297 440 1.0 2 0 


Board of the University of Tennessee, Memphis. In- 
formed consent to participate in the study was obtained 
in all cases. The patients were between the ages of 15 
and 42 years, not in the active phase of labor, and with 
an intrauterine pregnancy complicated by HELLP syn- 
drome for which cesarean delivery through a midline 
abdominal incision was indicated. The diagnosis of 
HELLP syndrome was based on the following labora- 
tory parameters: platelet count < 100 x 10°/L, serum 
aspartate aminotransferase >70 U/L, serum lactic de- 
hydrogenase > 600 U/L, or total bilirubin > 1.2 mg/dl. 
Patients were excluded from this study on the basis of 
the following: a Pfannenstiel skin incision for delivery, 
evidence of frank bleeding, delivery for fetal distress, or 
evidence of hepatic hematoma. 

Before the procedure all patients had analysis of 
hematocrit, platelet count, serum uric acid, aspartate 
aminotransferase, and lactic dehydrogenase and had 
blood typed, cross-matched, and on hold in the blood 
bank. Patients with a platelet count <50 x 10°/L re- 
ceived platelet transfusion before delivery; fresh frozen 
plasma was administered for fibrinogen levels <200 
mg/dl or prothrombin time >13 seconds. These are 
standard procedures for patients with HELLP syn- 
drome at our institution. 

After delivery of the fetus and closure of the uterine 
incision a 14-gauge Tru-Cut (Iravenol Laboratories, 
Inc., Deerfield, Ill.) disposable biopsy needle was in- 
serted under direct visualization into the inferior aspect 
of the liver, and a biopsy specimen was obtained for 
microscopic analysis. Pressure was held against the 
biopsy site after the needle was removed until cessation 
of bleeding. Biopsy specimens were placed in formalin 
and glutaraldehyde and processed by standard meth- 
ods. Hepatic histopathologic condition was graded with 
the scoring system shown in Table I. To determine if 
there were significant differences between mild and 
severe HELLP syndrome, the patient population was 
divided into two groups on the basis of histologic 


condition. Histologic criteria for severe HELLP syn- 
drome were defined as the presence of both periportal 
hemorrhage and fibrin deposition, regardless of the 
severity of either. 

Statistical analysis included Spearman correlation 
with SAS (SAS Institute, Cary, N.C.). A p value of <0.05 
and an r value > +0.5 were considered significant. A 
t test for nonparametric data by means of Wilcoxon 
rank-sum analysis was performed with a p value <0.05 
considered significant. 


Results 


There was a total of 11 patients: nine with true 
HELLP syndrome and two with incomplete HELLP 
syndrome (abnormal aspartate aminotransferase, plate- 
lets, and peripheral smear but no significant elevation 
of lactic dehydrogenase or total bilirubin) (Table II). 
Mean gestational age was 31.5 weeks (range 24 to 38.5 
weeks). No procedure-related complications occurred. 
In all patients bleeding from the liver biopsy site 
stopped with direct pressure. 

On microscopic examination of liver tissue periportal 
hemorrhage was found in eight patients, and in two of 
these it was severe, with confluent lobular necrosis (Fig. 
1). Periportal fibrin deposits (Fig. 2) were found in six 
patients, one without periportal hemorrhage. Two pa- 
tients with periportal hemorrhage had no fibrin depo- 
sition. Fat, evaluated in toluidine blue—stained sections 
from epon-embedded tissue, was seen in four, one with 
large droplet fat and three with microvesicular fat 
(Fig. 3). 

In comparing the histologic findings with the labora- 
tory findings, periportal hemorrhage correlated with 
the presence of fibrin deposition but with none of the 
laboratory parameters measured (Table III). Similarly, 
fibrin deposition was not statistically correlated with any 
measured laboratory parameter. Although steatosis oc- 
curred in only one third of the patients, it correlated 
significantly with abnormalities in platelet count, aspar- 
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Fig. 1. There is severe confluent hemorrhage centered around a portal triad (P) but affecting most 
of the hepatic lobule, in some areas forming peliotic cavities. The only remaining normal hepatic 
parenchyma is in a pericentral zone on right of photomicrograph. (Hematoxylin and eosin. Original 
magnification x 25.) 





Fig. 2. There is deposition of granular fibrin in a periportal location. Also seen is some fatty 
infiltration and polymorphonuclear leukocytes infiltrating in an area of hemorrhagic necrosis. 
(Hematoxylin and eosin. Original magnification X 100.) 
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Fig. 3. Many hepatocytes contain small droplets of fat (F), so-called microvesicular fat. Foamy 
appearance of many of hepatocytes may be due to dilated endoplasmic reticulum. (Toluidine blue. 
Epon-embedded tissue. Original magnification x 250.) 


tate aminotransferase, and total bilirubin (p = 0.001, 
r = 0.84) but not with periportal hemorrhage or fibrin 
deposition, 

To further test for a relationship between the severity 
of histologic and clinical and biochemical parameters, 
the group was divided in two on the basis of histologic 
criteria, with six patients defined as having mild 
HELLP syndrome and five with severe HELLP syn- 
drome. Statistical analysis demonstrated a significant 
difference in the two histologic criteria of HELLP syn- 
drome, periportal hemorrhage and fibrin deposition, 
between these two groups but failed to show any statis- 
tically significant difference in gestational age, mean 
arterial blood pressure, or any laboratory parameter 
(Table IV). 


Comment 


From this current study and from previous case 
reports’’ describing the histopathologic findings of 
hepatic lesions associated with HELLP syndrome, the 
classic hepatic lesion associated with the HELLP syn- 
drome is periportal or focal parenchymal necrosis in 
which hyaline deposits of fibrin-like material can be 
seen in the sinusoids. In addition, immunofluorescence 
studies show fibrin microthrombi and fibrinogen de- 
posits in the sinusoids in areas of hepatocellular necro- 
sis and in sinusoids of histologically normal paren- 


Table III. Clinical correlation in 
HELLP syndrome 









Correlation 
coefficient 





Significance 





Periportal hemorrhage 


With fibrin deposition r = 0.69 p = 0.02 
With steatosis r= 0.12 p = 0.72 
With aspartate amino- r = 0.37 p = 0.26 
transferase 
With platelet count r=-038 p= 0.25 
Steatosis 
With fibrin deposition r= =0.19 p=0.58 
With aspartate amino- r = 0.62 p = 0.04 
transferase 
With platelet count r=-0.77 p= 0.006 
Platelet count 
With aspartate amino- r= -0.60 p= 0.051 
transfease 
With mean arterial blood r = 0.57 p = 0.066 
pressure 


SUE aN ee a 
n = 11 for all. Spearman correlations. 


1 


chyma.*' These histopathologic findings may be 
related to the elevated liver enzymes and the right 
upper-quadrant pain and tenderness seen in patients 
with this syndrome. 

In the case report by Hannah et al.’ frozen sections of 
liver from a patient with elevated liver enzymes and 
thrombocytopenia stained with hematoxylin and eosin 
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Table IV. Comparison of clinical characteristics in mild and severe histologic syndrome of HELLP 














Histologic severity 
Mild (N = 6) Severe (N = 5) 


Significance 


Biopsy finding score 


Periportal hemorrhage 0.5 2.4 p < 0.01 
Fibrin deposition 0.25 1.80 p < 0.01 
Steatosis 0.7 0.6 p > 0.10 
History and physical examination 
Gestational age (wk) 32 31 > 0.10 
Mean arterial blood pressure (mm Hg) 134 129 p > 0.10 
Laboratory findings 
Uric acid (mg/dl) 7.4 8.6 p > 0.10 
Total bilirubin (mg/dl) 1.3 1.2 p > 0.10 
Lactic dehydrogenase (U/L) 758 1,251 p > 0.10 
Aspartate aminotransferase (U/L) 237 696 p > 0.10 
Platelet count (X 10°/L) 73 56 p > 0.10 


OO 


Nonparametric ¢ test by Wilcoxon rank sum. Values given are means. 


and oil red O showed many small orangeophilic glob- 
ules considered to be fat in hepatocytes, comparable 
with acute fatty liver of pregnancy. Similarly, we noted 
steatosis in several of the liver biopsy specimens from 
this study population. Although there is overlap both 
clinically and pathologically between acute fatty liver of 
pregnancy and the HELLP syndrome, we believe that 
these syndromes can be distinguished histopathologi- 
cally. On light microscopy in acute fatty liver of preg- 
nancy, the vacuolization and necrosis is most prominent 
in the central zone, whereas in HELLP syndrome the 
necrosis is predominantly periportal. Although fat 
droplets may be present on electron microscopy in 
hepatocytes from patients with the HELLP syndrome, 
fat droplets are much more numerous in acute fatty 
liver of pregnancy. 

Because of the invasive nature of this study, the strict 
entry criteria, and the low incidence of HELLP syn- 
drome, our study population is small. This obviously 
increases the possibility for type II statistical errors. 
Further, core biopsy specimens of the liver may not 
adequately reflect the extent, or absence, of hepatic 
involvement. Nevertheless, the variability in severity of 
hepatic histopathologic conditions in HELLP syndrome 
is clear even with the limited sample number in this 
study. 

Recent reviews of HELLP syndrome have highlighted 
the confusion surrounding its management.’ Some 
authors consider it to be an indication for immediate 
cesarean delivery, whereas others recommend a more 
conservative approach, to prolong pregnancy in Cases 
of fetal immaturity.'’ '* Occasionally some patients 
without the true HELLP syndrome may demonstrate 
antepartum reversal of hematologic abnormalities after 
bed rest, the use of steroids, or plasma volume expan- 
sion. However, the majority of these patients demon- 


strate deterioration in either maternal or fetal condition 
within 1 to 10 days after conservative management. The 
potential risks associated with conservative manage- 
ment of HELLP syndrome include abruptio placentae, 
pulmonary edema, acute renal failure, and ruptured 
liver hematoma. We suggest that all patients with the 
true HELLP syndrome be treated aggressively, primar- 
ily with delivery. This is because the severity of the 
clinical and laboratory abnormalities in HELLP syn- 
drome do not adequately reflect the seriousness of the 
hepatic histopathologic conditions; our experience sug- 
gests that limited pregnancy prolongation will not re- 
sult in improved perinatal outcome. 


We thank James Karas for statistical analysis and 
John Zacker, St. Jude Children’s Research Hospital, for 
photomicrography. 
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The immunoglobulin G fraction from plasma containing 
antiphospholipid antibodies causes increased placental 


thromboxane production 


Alan M. Peaceman, MD, and Karen A. Rehnberg, BA 
Chicago, Illinois 


OBJECTIVE: Our objective was to evaluate whether the immunoglobulin G fraction from plasma 
containing high levels of antiphospholipid antibodies alters the production of prostacyclin or thromboxane 


when incubated with normal human placental tissue. 


STUDY DESIGN: The immunoglobulin G fraction was prepared from the pooled plasma of five volunteers 
with normal obstetric histories and no antiphospholipid antibodies. The immunoglobulin G fraction was 
prepared similarly from a patient with the antiphospholipid antibody syndrome. Doses of these 
immunoglobulin G fractions ranging from 0.3 to 3.0 mg were incubated with placental explants obtained 
from eight normal pregnancies, and prostacyclin and thromboxane production was assessed over 48 


hours. 


RESULTS: Placental prostacyclin production was unaltered by incubation with either immunoglobulin G 
fraction at any of the doses tested. Placental thromboxane production tripled by 32 hours with the 
addition of 0.6, 1.5, and 3.0 mg of the antiphospholipid antibody fraction (p < 0.05) compared with 
baseline production but was unaltered by the addition of the normal pooled plasma fraction at any dose. 
The increase in thromboxane production with antiphospholipid antibody immunoglobulin G appeared to 


be dose related. 


CONCLUSION: The immunoglobulin G fraction prepared from plasma containing antiphospholipid 
antibodies caused increased placental thromboxane production without altering prostacyclin production. 


(Am J Osstet Gynecol 1992;167:1543-7.) 


Key words: Antiphospholipid antibodies, prostacyclin, thromboxane, recurrent pregnancy 


loss, placental explants 


Antiphospholipid antibodies are circulating immuno- 
globulins that have recently been associated with poor 
obstetric outcomes, including recurrent abortion, ma- 


From the Division of Maternal-Fetal Medicine, Department of Ob- 
stetrics and Gynecology, Northwestern University Medical School, 
Northwestern Memorial Hospital. 

Presented at the Thirty-ninth Annual Meeting of the Society for 
Gynecologic Investigations, San Antonio, Texas, March 18-21, 
1992. 

Reprint requests: Alan M. Peaceman, MD, Northwestern University 
Medical School, 333 E. Superior St., Suite 410, Chicago, IL 60611. 
6/6/41723 


ternal thrombosis, fetal death, and early, severe pre- 
eclampsia.’ The clinical findings of thrombosis, throm- 
bocytopenia, or recurrent pregnancy loss in association 
with the laboratory detection of moderate or high levels 
of anticardiolipin or lupus anticoagulant has been 
termed the antiphospholipid antibody syndrome.” Data 
from a BALB/c mouse model support a causative role 
for these antibodies in pregnancy complications and 


Justify attempts to suppress antibody activity in affected 


patients.” All proposed treatments are empiric, how- 
ever, because no controlled trials have been performed 
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to date to document their efficacy in preventing adverse 
pregnancy outcomes. The choice of appropriate treat- 
ments is hampered by the absence of a defined patho- 
physiology for antiphospholipid antibody—mediated 
pregnancy loss. 

Initial studies suggested that lupus anticoagulant, the 
primary antiphospholipid antibody implicated in recur- 
rent pregnancy loss, affects vascular endothelial cells, 
resulting in decreased prostacyclin production.’ Subse- 
quent work has been inconsistent,”” and the site and 
mechanism of action for antiphospholipid antibodies 
remain in doubt. An alternative site in some patients 
may be on the placenta, with altered prostanoid pro- 
duction at that level being involved in the resulting 
adverse pregnancy outcome. 

We evaluated the hypothesis that the immunoglobu- 
lin G (IgG) fraction for plasma containing high levels of 
antiphospholipid antibody alters the production of 
prostacyclin or thromboxane when incubated with nor- 
mal human placental tissue. 


Methods 


Whole blood was obtained by venipuncture from five 
nonpregnant female volunteers in tubes containing so- 
dium citrate. All five had normal medical and obstetric 
histories. The samples were centrifuged at 3000g to 
remove blood cells and platelets, and the plasma ob- 
tained was then centrifuged again at 3000g before the 
supernatants were pooled. This normal pooled plasma 
was then treated wtih sufficient calcium chloride to 
achieve a final calcium concentration of 5 mmol/L, and 
the resulting clot was removed with a glass rod with 
gentle stirring. An equal volume of a saturated solution 
of ammonium sulfate (27.5%) was added, precipitating 
the IgG fraction from the normal pooled plasma. This 
simple extraction technique was chosen for its high 
recovery of IgG and its ability to remove unidentified 
plasma factors that interfere with the radioimmunoas- 
says. The normal pooled plasma IgG fraction thus 
derived was resuspended in phosphate-buftered saline 
solution and dialyzed against 5 L of phosphate-buffered 
saline solution to remove traces of the ammonium 
sulfate. 

Whole blood was obtained in a similar fashion from a 
nonpregnant patient with the diagnosis of the antiphos- 
pholipid antibody syndrome. This patient had a history 
of venous thrombosis and recurrent pregnancy loss; she 
was found to have a high titer of IgG anticardiolipin by 
highly specific enzyme-linked immunosorbent assay 
and to be strongly positive for lupus anticoagulant as 
determined by the Russell viper venom test. The 
plasma was processed in the same manner as the 
normal pooled plasma, and ammonium sulfate precip- 
itation of the IgG fraction was also performed. 

The composition of the normal pooled plasma and 
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antiphospholipid antibody IgG fractions was evaluated 
with gel electrophoresis, both revealing approximately 
40% IgG with albumin as the only other significant 
protein in the sample. Spectrophotometric analysis re- 
vealed similar total protein concentrations in the nor- 
mal pooled plasma and antiphospholipid antibody IgG 
fractions (14 mg/ml). The IgG fraction from the patient 
with the antiphospholipid antibody syndrome retained 
its anticoagulant activity in vitro, prolonging the dilute 
Russell viper venom test to 62.5 seconds (control 37.0 
seconds) when mixed 1:1 with normal serum. The 
processed normal pooled plasma IgG fraction also 
prolonged this clotting assay but to a lesser degree 
(52.0 seconds; upper limit of normal in our laboratory 
is 45 seconds). Both the normal pooled plasma and the 
antiphospholipid antibody IgG were frozen and stored 
for later use. 

Fresh placentas were obtained from eight normal 
term pregnancies and processed under sterile condi- 
tions within 15 minutes of delivery. For each placental 
experiment the basal plate was removed, and multiple 
placental explants were dissected from the placenta. 
These explants were washed repeatedly with Dulbecco's 
modified Eagle medium (Gibco, Grand Island, N.Y.), 
cut into small pieces, and excess buffer was removed 
with sterile gauze. Approximately 350 mg of placental 
tissue in three or four fragments was then placed into 
separate incubation wells, each containing Dulbecco's 
modified Eagle medium. To each well was added either 
normal pooled plasma or antiphospholipid antibody 
IgG. The same four volumes of normal pooled plasma 
and antiphospholipid antibody IgG (20, 40, 100, and 
900 pl) were tested in separate wells with tissue from 
each of the eight placentas. These volumes corre- 
sponded to 0.3, 0.6, 1.5, and 3.0 mg of IgG and 
produced IgG concentrations in the wells approximat- 
ing 0.4%, 0.8%, 9.0%, and 4.0% of the concentrations 
found in maternal plasma. In addition, a well contain- 
ing Dulbecco’s modified Eagle medium but no added 
IgG was included with each placenta as a control. The 
amount of Dulbecco’s modified Eagle medium added to 
each well was adjusted to create final well volumes of 
7 mi. 

The wells were incubated at 37° C in a Dubnoff 
shaker located in a sterile hood, and 200 pl aliquots 
were removed at 0, 8, 20, 32, and 48 hours. Because the 
relative amount of volume removed with each sampling 
was small (approximately 3%), replacement was not 
performed, and the concentration of IgG remained 
essentially constant. These aliquots were assessed for 
placental prostacyclin and thromboxane production by 
the radioimmunoassay of their stable metabolites, 6-ke- 
to-prostaglandin F,,, and thromboxane Ba” All test 
wells were run in duplicate with the results averaged for 
analysis. Data are expressed in picograms per milli- 
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Fig. 1. Effect of IgG fraction on thromboxane production by normal human placental tissue. 
‘Thromboxane production over 48 hours for each dose of IgG is assessed by measurement of stable 
metabolite thromboxane B, (TXB2) and is expressed in picograms per milligram of wet tissue. 
Measurements obtained from tissue incubated with antiphospholipid antibody (APA) and normal 
pooled plasma (NPP) IgG are shown and compared with baseline placental tissue production with no 
added IgG (Control). Four doses of IgG tested were as follows: A, 0.3 mg; B, 0.6 mg; C, 1.5 mg; and 
D, 3.0 mg. Data represent mean + SE (n = 8). Asterisk, p < 0.05 by repeated-measures testing, 
antiphospholipid antibody versus normal pooled plasma IgG and control. 


gram of wet tissue, with mean values +1 SE displayed. 
Statistical differences in prostanoid production were 
analyzed with repeated-measures testing. This placental 
explant technique has been validated previously, dem- 
onstrating tissue viability, effectiveness of high oxygen 
tension, and penetration of stimulatory substances.'! 
This project was approved by the Institutional Review 
Board of Northwestern University Medical School. 


Results 


Prostacyclin production by placental tissue incubated 
with each dose of normal pooled plasma or antiphos- 
pholipid antibody IgG is shown in Fig. 1. For compar- 
ison control wells that contained no added IgG and 
indicate baseline placental production are also included 
in each graph. For all of the concentrations tested 
prostacyclin production by normal placental tissue was 


not altered significantly by the addition of either an- 
tiphospholipid antibody or normal pooled plasma IgG. 

Placental thromboxane production was not altered by 
the addition of 0.3 mg of either normal pooled plasma 
or antiphospholipid antibody IgG and was similar to 
baseline placental thromboxane production (Fig. 2, A). 
Placental thromboxane production remained un- 
changed with the addition of increasing concentrations 
of normal pooled plasma IgG but was increased with 
the higher concentrations of added antiphospholipid 
antibody IgG (Fig. 2, B through D). For the 0.6, 1.2, 
and 3.0 mg doses, the differences between antiphos- 
pholipid antibody and control or normal pooled 
plasma IgG were statistically significant by 20 hours of 
incubation (p < 0.05). By 32 hours the amount of 
thromboxane produced by placental tissue incubated 
with the three higher doses of antiphospholipid anti- 
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Fig. 2. Effect of IgG fraction on prostacyclin production by normal human placental tissue. Prosta- 
cyclin production over 48 hours for each dose of IgG is assessed by measurement of the stable 
metabolite 6-keto prostaglandin F,, (PGF 1 alpha) and is expressed in picograms per milligram of wet 
tissue. Measurements obtained from tissue incubated with antiphospholipid antibody (APA) and 
normal pooled plasma (NPP) IgG are shown and compared with baseline placental tissue production 
with no added IgG (Control). Four doses of IgG tested were as follows: A, 0.3 mg/ B, 0.6 mg; C, 1.5 
mg; and D, 3.0 mg. Data represent mean + SE (n = 8). 


body IgG was at least three times greater than baseline 
placental production and the amount produced by 
tissue incubated with normal pooled plasma IgG. 


Comment 


The addition of the IgG fraction derived from plasma 
containing antiphospholipid antibodies produced a 
consistent increase in thromboxane production by nor- 
mal placental tissue over baseline production, whereas 


IgG from normal nonpregnant patients did not alter 


thromboxane production. This increase in thrombox- 
ane production with antiphospholipid antibody IgG 
appeared to be dose related. Conversely, no alteration 
in prostacyclin production by the placenta was seen 


with the addition of either normal pooled plasma or 


antiphospholipid antibody IgG at any concentration 
tested. 


In 1981 Carreras et al.* originally proposed that 
lupus anticoagulant, the primary antiphospholipid an- 
tibody implicated in recurrent pregnancy loss, affects 
vascular endothelial cells, resulting in decreased pros- 
tacyclin production. T his finding, however, could not be 
consistently reproduced with plasma taken from all 
patients with the clinical antiphospholipid antibody 
syndrome.” ê Subsequent work with cultured endothe- 
lial cell models failed to find any consistent alteration in 
prostanoid production by cells exposed to the IgG 
fraction from plasma that contained lupus anticoagu- 
lant.” Consequently, the site and mechanism of action 
for antiphospholipid antibodies remain to be eluci- 
dated. 

The placenta is a logical site for the action of an- 
tiphospholipid antibodies. Normal pregnancy is 
thought to be associated with a relative balance between 
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the opposing effects of prostacyclin and thromboxane 
produced by the placenta. Any effect on placental 
prostanoid production could result in paracrine alter- 
ation of the local environment at the maternal-placental 
interface. Decreased prostacyclin and increased throm- 
boxane production have been associated with vasocon- 
striction, platelet aggregation, uterine activity, and de- 
creased uteroplacental blood flow.'® The prostacyclin- 
to-thromboxane_ ratio is to be altered 
significantly in preeclampsia, a syndrome that shares 
many pathologic features with the antiphospholipid 
antibody syndrome.” It is therefore plausible that an- 
tiphospholipid antibodies are active at the maternal- 
placental interface and alter prostanoid production at 
that level. 

The data presented here support three hypotheses 
relating to the pathophysiologic makeup of the an- 
tiphospholipid antibody syndrome. First, altered pla- 
cental thromboxane production rather than a change 
in prostacyclin production is involved in antiphospho- 
lipid antibody—related pregnancy loss. This differs from 
the findings of Carreras et al.’ but is consistent with 
the association of increased thromboxane production 
with abruptio placentae, preeclampsia, and other clin- 
ical manifestations of the antiphospholipid antibody 
syndrome. Second, antiphospholipid antibodies are 
active at the placental surface. With direct immuno- 
fluorescent studies antiphospholipid antibody IgG has 
been shown to bind with decidual tissue of treated 
mice.’ Alterations in placental production of vasoactive 
substances have been implicated as contributing to 
other pregnancy complications as well.’ The involve- 
ment of the placenta in the pathogenesis of this 
syndrome is consistent with the finding that most 
women are primarily symptomatic when pregnant. Last, 
the adverse effects of antiphospholipid antibodies may 
be self-contained in the IgG fraction and capable of 
causing characteristic changes in otherwise normal 
tissue from unaffected individuals. This concept of an 
IgG transferable factor has been shown to cause re- 
current pregnancy loss in mice” and likely pertains to 
humans as well. 


known 


If a consistent effect on thromboxane production can 
be confirmed with IgG fractions obtained from other 
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patients with the antiphospholipid antibody syndrome, 
it might allow development of a bioassay for antiphos- 
pholipid antibody activity. Currently, testing for an- 
tiphospholipid antibodies, especially anticardiolipin an- 
tibody, is not uniform because significant interlabora- 
tory variation exists among testing sites.” This variation 
likely leads to overtreatment of patients with false- 
positive results and possibly undertreatment of some 
with false-negative results. Development and validation 
of a bioassay would allow more accurate identification 
of affected patients. 
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The effect of magnesium sulfate on maternal retinal 
blood flow in preeclampsia: A randomized 


placebo-controlled study 


Michael A. Belfort, MD, George R. Saade, MD, and Kenneth J. Moise, Jr., MD 


Houston, Texas 


OBJECTIVES: Our purpose was to determine the effect of a 6 gm intravenous bolus of magnesium 
sulfate on maternal retinal blood flow velocity waveforms in patients with preeclampsia. 

STUDY DESIGN: Twenty-two patients were randomized to two groups and were studied with color flow 
Doppler before and immediately after infusion of either 6 gm of magnesium sulfate or placebo. The 


central retinal and posterior ciliary arteries were studied. 


RESULTS: Magnesium sulfate significantly reduced the pulsatility index (p < 0.005) in both vessels 
(change in pulsatility index = —0.26 + 0.23 for central retinal and —0.22 + 0.15 for posterior ciliary) 
when compared with placebo (change in pulsatility index = 0.02 + 0.10 for central retinal and 


—0.03 + 0.09 for posterior ciliary). 


CONCLUSIONS: These data suggest that magnesium sulfate dilates the vessels distal to the central 
retinal and posterior ciliary arteries. Changes in pulsatility index in the retinal arteries may be indicative of 
similar changes in other cerebral vessels. (Am J Osstet Gynecol 1992;167:1548-53.) 


Key words: Magnesium sulfate, retinal blood flow, preeclampsia 


The causes of the cerebral effects of preeclampsia are 
still unclear, but vasospasm,' ischemia, and endothelial 
damage’ are thought to be integrally involved. Retinal 
changes have long been associated with severe pre- 


eclampsia.” * Severe arteriolar spasm may be demon- 
5, 6 


strated in as many as 70% of cases 
atrophy occasionally resulting from central retinal ar- 


with optic nerve 


tery ischemia.’ 

Color flow Doppler ultrasonography now makes it 
possible to reliably identify and study the blood flow 
characteristics in specific vessels in the eye.” ° The 
central retinal artery and posterior ciliary artery are 
end-arterial branches of the internal carotid artery. 
Changes in these vessels may reflect changes in other 
small (0.2 to 0.3 mm diameter) vessels in the brain. 

There is evidence to suggest that magnesium sulfate 
results in vasodilatation of cerebral vessels when it is 
given to patients with preeclampsia.’ Preliminary work 
at our institution has suggested that this effect is also 
seen in the retina." The current study was designed to 
definitively document the changes in the pulsatility 
index in the retinal blood vessels after the administra- 
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tion of either a 6 gm intravenous dose of magnesium 
sulfate or an equivalent volume of placebo in women 
with preeclampsia. 


Material and methods 


The protocol for this study was approved by the 
Baylor College of Medicine Human Institutional Review 
Board and the Harris County Review Board. All pa- 
tients gave written, informed consent. 

Nonlaboring patients with confirmed preeclampsia 
(as per guidelines of the American College of Obstetri- 
cians and Gynecologists'') who were scheduled to re- 
ceive magnesium sulfate as antiseizure prophylaxis 
were eligible for inclusion. All patients included in this 
study had proteinuria (at least 1+) on a catheter 
specimen of urine. Patients with essential hypertension, 
chronic renal disease, seizure disorders, diabetes melli- 
tus, autoimmune disease, and any condition perceived 
to have an effect on the cerebral or retinal vasculature 
were excluded. 

Patients were positioned in a semirecumbent position 
with a 15-degree left lateral tilt. A Quantum 2000 
angiodynagraph system (Quantum Medical Systems; 
Issaquah, Wash.) was used for the color flow Doppler 
studies. A 7.5 MHz linear phased-array transducer with 
a 0.2 x 0.2 mm sample volume was used to image each 
eye. The estimated in situ spatial peak temporal aver- 
age intensity at 4.2 cm depth in the color imaging mode 
is 7 mW/cm?, and during spectrum analysis it is approx- 
imately 71 mW/cm’. These spatial peak temporal aver- 
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Fig. 1. This photograph shows the plane of insonation of the retinal vessels. Central retinal artery 


and vein can be clearly seen within sonolucent optic nerve. Vitreous-retina interface is evident at the 


posterior pole of the globe, and posterior ciliary arteries are seen extending laterally following the 


curvature of the eve. 


age intensities are within the safety limits suggested by 
the American Institute for Ultrasound in Medicine.” 
The examination was limited to approximately 5 min- 
utes for each eye. The maximum power setting used 
was — 10 dB and power output was continuously dis- 
played on the screen. 

The transducer was placed on the closed eyelid after 
a generous amount of coupling gel was applied. Care 
was taken to avoid excessive pressure on the globe to 
prevent artifact. Horizontal scans through the eye and 
orbit were then performed. Flow toward the transducer 
was designated red whereas flow away from the trans- 
ducer was designated blue. This ensured that antegrade 
arterial blood flow appeared red and venous flow ap- 
peared blue. 

The globe was imaged in a plane that included the 
lens and the anterior 2 mm of the optic nerve, within 
which the central retinal artery and vein were easily 


identifiable. The posterior ciliary artery was also visible 


in this plane (Fig. 1). The central retinal artery was 
identified and traced to its point of entry into the optic 
nerve approximately 13 mm from the disc. By careful 
positioning of the eye (asking the patient to move her 
eye in a specific direction) and the transducer, and with 
the use of an angle correction indicator, an angle of 
insonation of the central retinal artery of < 20 degrees 
was ensured during spectral analysis. The posterio1 
ciliary vessels were imaged only on the temporal aspect 
of the globe in all cases. Spectral analysis of the Dopp- 
ler waveform was performed during a period of mater- 
nal apnea. All waveforms and calculated parameters 
were recorded on thermal paper. 

A baseline Doppler study of the central retinal and 
posterior ciliary arteries was performed. Patients were 
then randomly assigned, according to a computer- 
generated random number table, to receive intravenous 
magnesium sulfate or placebo. A block size of six was 


used to ensure equal group distribution, and an opaque 
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Table I. Demographic data of patients in 


placebo and magnesium sulfate groups 
(mean + SD) 







Placebo Magnesium 
group group 
(n = 11) (n = 11) 





Age (yr) 26 E5 2943 
Parity i=] 222 
Gestational age (weeks) 36 + 3 $32: 3 
Systolic blood pressure 159 + 13 155 = 15 
(mm Hg) 
Diastolic blood pressure 95 +9 95 + 10 
(mm Hg) 
Proteinuria* = 5+ ] 
Aspartate aminotrans- 33 + 28 50 + 50 
ferase 
Alanine aminotransferase 20 3 37 + 42 
Creatinine OF = U2 0.7 + 0.2 
Urea 10 +6 10 + 3 
Uric acid 5.5 208 oo 2 1S 
Hemoglobin 12.6 + 1.4 12.9 = 14 
Platelets 226 = 48 173 + 80 
Fibrinogen 460 = 90 460 + 136 





There were no significant differences in any parameter 
between the two groups. 
*Semiquantitative analysis of a catheter specimen. 


envelope system was instituted to prevent observer bias. 
The solutions were prepared by an uninvolved member 
of the labor and delivery resident staff and labeled only 
with the patient’s study number. The magnesium group 
received 6 gm of magnesium sulfate in 100 ml of 5% 
dextrose in water intravenously over 20 minutes. The 
placebo group was given 100 ml of 5% dextrose in 
water over 20 minutes. Doppler measurements were 
performed before and immediately after the infusion 
period. Patients were informed of the possible side 
effects of magnesium sulfate and were asked not to 
discuss any perceived drug effect with the investigator 
performing the Doppler study. The investigator left the 
room during the infusion and returned only after the 
solution had been given. 

The pulsatility index'* was used to present all Dopp- 
ler data. All observations were performed by a single 
investigator (M.A.B.) to preclude interobserver vari- 
ance. To reduce interobservation variance the mean 
pulsatility index and peak systolic velocity from three 
waveforms were calculated for each eye, and the data 
were reported as the average of the left and right 
measurements. The baseline and postinfusion pulsatil- 
ity index values were compared. In addition, the differ- 
ence between the baseline and postinfusion systolic and 
diastolic velocity values in each group was analyzed. 

Comparisons within each group were made with the 
Wilcoxon signed rank test. Between-group comparisons 
were performed with the Mann-Whitney rank sum test. 
A probability value of <0.05 was considered to indicate 
statistical significance. 
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Results 


Twenty-two consecutive antenatal patients with 
preeclampsia were enrolled before undergoing induc- 
tion of labor. Eleven patients were randomly assigned 
(pseudorandomization as described) to each of the two 
groups. In the placebo group both the central retinal 
artery and the posterior ciliary artery could be studied 
in 7 of the 11 patients. Two patients provided only 
central retinal artery data, while two other patients 
provided only posterior ciliary data. In the magnesium 
sulfate group both vessels could be studied in 9 of the 
11 patients, with one patient providing only central 
retinal artery data and one providing only posterior 
ciliary data. 

The demographic data of the patients are presented 
in Table I. The two groups were comparable in all 
respects. Blood pressure did not change significantly in 
either group after the infusion (for the magnesium 
sulfate group, 150 + 14 mm Hg systolic and 92 + 
9 mm Hg diastolic to 143 + 13 mm Hg systolic and 
86 + 10 mm Hg diastolic; for the placebo group, 
154 + 10 mm Hg systolic and 92 + 10 mm Hg dia- 
stolic to 154 + 9 mm Hg systolic and 90 + 11 mm Hg 
diastolic). Also there was no significant change in ma- 
ternal heart rate, and none of the patients had arryth- 
mias during the study. 

Figs. 2 and 3 detail individual data points for the 
pulsatility index in the two vessels studied before and 
after infusion. The baseline pulsatility index values of 
the two groups were not significantly different for either 
of the two vessels studied. Magnesium sulfate infusion 
significantly reduced the pulsatility index in the central 
retinal artery and the posterior ciliary artery. Placebo 
infusion did not significantly alter the pulsatility index 
in either of the vessels studied. 

The change in the pulsatility index of the central 
retinal and posterior ciliary arteries after the magne- 
sium sulfate infusion was significantly different from 
that seen after the placebo infusion. The baseline 
peak systolic velocity in the central retinal artery was 
not significantly different between the magnesium 
group (14 + 4 cm/sec) and the placebo group (16 + 
4 cm/sec). There were no significant changes in either 
group after the infusion. 

Velocity data were recorded and analyzed, but be- 
cause of the large standard deviations there were no 
significant changes noted either within or between the 
patient groups. To allow meaningful comparison the 
velocity data are presented as the change between the 
baseline and post-infusion values (Table II). No signif- 
icant differences were noted. There was a tendency to a 
greater percentage change in the diastolic velocity 
(14% + 38% for central retinal artery and 58% + 77% 
for posterior ciliary artery) than in the systolic velocity 
(—8% + 28% for central retinal artery and 23% + 49% 
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Fig. 2. Pulsatility index in central retinal artery at baseline and after infusion of magnesium sulfate 


or placebo. 
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Fig. 3. Pulsatility index in posterior ciliary artery at baseline and after infusion of magnesium sulfate 


or placebo. 


for posterior ciliary artery) after the magnesium infu- 
sion. However, the variances are large and the lack of 
statistical significance may represent a type II error. 


Comment 


Real-time A- and B-mode ultrasonography has been 
used by ophthalmologists for the evaluation of ocular 
disorders for a number of years.’* Guthoff et al." 
reported on B-scan—guided pulsed Doppler analysis of 
the central retinal artery in 72 normal subjects. These 
workers found Doppler ultrasonography of the central 
retinal vessels to be a reliable, non-invasive, safe tech- 


nique that is independent of the status of the ocular 
media. The recent development of color flow Doppler 
ultrasonography now allows simultaneous two-dimen- 
sional imaging of structure and blood flow. This has 
significantly improved the ability to reliably and repeat- 
edly identify small blood vessels and to analyze the 


Doppler spectrum from them. In addition, the real- 


time visualization of the vessel during spectral analysis 
enables determination of the angle of insonation, thus 
allowing more meaningful analysis of velocity data. Lieb 
et al.” showed this technique to have minimal interob- 
servation variation in their study of a group of normal 
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Table II. Doppler data (mean + SD) 





Magnesium 
sulfate 
(n = 10) 









Significance 






Change ` 





Systolic velocity (cm/sec) 


Central retinal -0.7 43.3 -1.1 + 3.8 NS 
artery ; i 

Posterior ciliary —3.2 + 3.4 3.5 + 10 NS 
artery i 

Diastolic velocity (cm/sec) 

Central retinal —0.6 +13 67+ 1.9 NS 
artery ` 

Posterior ciliary —0.5 + 1.6 3.9 + 6.6 NS 
artery 


All data are presented as the change in velocity between 
_ baseline and postinfusion values. 


NS, Not significant. 


subjects with paired observations on two separate occa- 
sions on the same day. In addition no significant dif- 
ferences were noted between the right and left eyes. 

Our data are reported in terms of the pulsatilizy 
index. Work by Gosling and King’ showed that the 
time velocity waveform can be analyzed in such a way as 
to determine changes in vascular resistance (pulsatility 
index). This index was used by Ri:chie and Erskine’® zo 
demonstrate that a change in the diastolic flow compd- 
nent in the time velocity waveform is associated with a 
vessel diameter change. This suggests that .the time 
velocity ‘waveform is sensitive to changes in resistance 
and that these changes may be accurately quantified 
with the pulsatility index.’ The walls of the central 
retinal artery are well supported within the optic nerve 
during the steady state and maintain a circular crcss 
section.” It is therefore unlikely that there were sho-t- 
term changes in diameter over the study period. 

Given that there was no significant change in tae 
maternal heart rate, blood pressure, or vessel diameter, 
the observed decrease in the pulsatility index is thought 
to reflect. a reduction in resistance in the smaller- 
diameter capillaries distal to the insonated arteries. The 
change in pulsatility index appears to be the result of a 
predominant increase in the diastolic velocity (Table I), 
although this mechanism still requires clarification with 
a larger sample size. 

Other workers in this field have reported data on 
central retinal artery blood velocity in the nonpregnant 
state.’ They found the normal nonpregnant peak ve- 
locity in the central retinal artery to be 9.5 + 3.1 
cm/sec. In our patients, all of whom had mild pre- 
eclampsia, the baseline central retinal artery peak sys- 
tolic velocity was 15 + 4 cm/sec. The higher velocity 
seen in our patients may be explained by the increase in 
cardiac output and stroke volume that is seen in preg- 
nancy. | 

Preliminary (unpublished) data from our institution 
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indicate that in normal pregnant women the pulsatility 
index for the central retinal artery decreases from a 
peak of approximately 0.98 at 20 weeks to 0.85 at term. 
The posterior ciliary artery pulsatility index in the same 
group of longitudinally evaluated patients (n = 9) de- 
creased from 0.95 at 20 weeks to 0.6 at term. These 
preliminary data appear to support our hypothesis that 
there is a degree of vasospasm in the small vessels of the 
eye in preeclampsia. However, further studies will be 
required before this hypothesis can be accepted. 

The effect of magnesium sulfate on intraocular pres- 
sure is not currently known. Changes in intraocular 
pressure were not measured in our patients and may 
have contributed to the cbserved decreases in the 
pulsatility index. However, Guthoff et al. did not show 
any Statistically significant correlation between time- 
averaged systolic velocity in the central retinal artery 
and the intraocular pressure or the systolic brachial 
artery blood pressure. 

Preeclampsia is known to de associated with endothe- 
lial damage, increased vascular reactivity, and vaso- 
spasm.'* '* There is good evidence that cerebral vaso- 
spasm occurs in severe preeclampsia,’ and the resulting 
cerebral ischemia may contribute to the development of 
eclampsia. Preeclampsia appears to affect resistance 
vessels'; therefore it would be useful to have an easily 
accessible vascular bed in which to observe vessel reac- 
tivity. To this end transcranial Doppler ultrasonogra- 
phy has been shown to be of use in the assessment of 
the cerebral vasculature in preeclampsia.’® The retinal 
capillaries are anatomically and functionally compara- 
ble to brain capillaries of equal caliber.” Retinal ultra- 
sonography may allow evzluation of vessels that are 
smaller than those currently accessed by transcranial 
methods. The ability to directly visualize the insonated 


- vessel during spectral analysis, together with the easier 


access to retinal vessels, makes retinal color flow 
Doppler imaging an attractive alternative to transcra- 
nial Doppler. 

Magnesium sulfate is extensively used in the United 
States for the prevention and treatment of eclampsia. 
The mechanism of action of this drug is still poorly 
understood and controversial.*" ** Although it crosses 
the blood-brain barrier,” therapeutic cerebrospinal 
fluid levels have not been established. There is evi- 
dence to suggest that it acts as a cerebral vasodilator in 
vitro,” ” and recently it has been shown that magne- 
sium sulfate dilates small vessels distal to the middle 
cerebral artery in patients with mild preeclampsia." 
The relative contributions of neuromuscular blockade”® 
versus central suppression of neuronal burst firing” in 
the prevention of convulsions are still unclear. Our 
results suggest that magnesium sulfate acts as a vasodi- 
lator in the vascular bed distal to the central retinal and 
posterior ciliary arteries. Because the cerebral and ret- 
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inal arterioles are anatomically and functionally simi- 
lar,” it was hypothesized that these data would support 
our previous report of the cerebral vasodilator activity 
of magnesium sulfate. 


In summary, color flow Doppler examination of the 


retinal vasculature can be easily performed and may 
become an important adjunct in the investigation and 
management of cases of preeclampsia. In addition, this 
study showed that in such patients magnesium sulfate 
acutely dilates small vessels in the retina, and this 
dilatation may reflect similar changes occurring in the 
cerebral circulation. 


REFERENCES 


1. Lewis LK, Hinshaw DB, Will AD, Hasso AN, Thompson 
JR. CT and angiographic correlation of severe neurologi- 
cal disease in toxaemia of pregnancy. Neuroradiology 
1988;30:59-64. 

- 2. Musci TJ, Roberts JM, Rodgers GM, Taylor RN. Mitogenic 
activity is increased in sera of preeclamptic women before 
delivery. AM J Osster Gynecor 1988;159:1446-51. 

3, Landesman R, Douglas RG, Holze E. The bulbar conjunc- 
tival vascular bed in the toxemias of pregnancy. Am J 
OBSTET GyNECOL 1954;68:170-83. 

4. Jaffe G, Schatz H. Ocular manifestations of preeclampsia. 
Am J Ophthalmol 1987;103:309-15. 

5. Wagener HP. Arterioles of the retina in toxemia of preg- 
nancy. JAMA 1933;101:1380-4. 

6. Ghandi J, Ghosh S, Pillar PT. Blindness and retinal 
changes with preeclamptic toxemia. N Y State J Med 

`~ 1978;78:1930-2. 

7. Beck RW, Gamel JW,. Willcourt R], Berman G. Acute 


ischemic optic neuropathy in severe preeclampsia. Am J 


Ophthalmol 1980;90:342-6. 

8. Erickson SJ, Hendrix LE, Massaro BM, et al. Color Dopp- 
ler flow imaging of the normal and abnormal orbit. Radi- 
ology 1989;173:511-6. 


9. Lieb WE, Cohen SM, Merton DA, Shields JA, Mitchell DG,. 


Goldberg BB. Color Doppler imaging of the eye and orbit: 
technique and normal vascular anatomy. Arch Ophthal- 
mol 1991;109:527-31. 

10. Belfort MA, Moise KJ Jr. Effect of magnesium sulfate on 
maternal brain blood flow in preeclampsia: a randomized 
placebo-controlled study. AM J Ossrer Gynecor 1992;167: 
661-6. 

‘10a. Belfort MA. Effect of magnesium sulphate on blood flow 
in the maternal retina in mild gestational proteinuric 
Hypertension. A preliminary color flow Doppler study. Br 
J Obstet Gynaecol 1992;99:641-5. 


11. Management of preeclampsia. Washington: The American 


12. 


17 


18. 


20. 


23. 


24. 


20: 


26. 


27. 


Magnesium sulfate and maternal brain blood flow 1553 


College of Obstetricians and Gynecologists, 1986 Feb: 
1-5; ACOG technical bulletin no 91. 

Lizzi FL, Mortimer AJ. Bioeffects.considerations for the 
safety of diagnostic ultrasound. J Ultrasound Med 1988; 
7(suppl):1-38. 


. Gosling RG, King DH. Ultrasonographic angiography. In: 


Hascus AW, Churchill AL, eds. Arteries and veins. 
Edinburgh: Churchill Livingstone, 1975:61. 


. Coleman DJ, Lizzi FL, Jack RL. Ultrasonography of the 


eye and orbit. Philadelphia: Lea & Febiger, 1977:42-7. 


. Guthoff RF, Berger RW, Winkler P, Helmke K, Chumbley 


LC. Doppler ultrasonography of the ophthalmic and cen- 
tral retinal vessels. Arch Ophthalmol, 1991;109:532-6. 


. Ritchie JWK, Erskine RLA. Background to Doppler blood 


flow and velocity investigation. In: Maulik D, McNellis D. 
Doppler ultrasound measurement of maternal-fetal hemo- 
dynamics. Ithaca, New York: Perinatology Press, 1987: 
121-82. 


, Seitz R. The retinal vessels: comparative ophthalmoscopic 


and histologic studies on healthy and diseased eyes. St 
Louis: CV Mosby, 1964:102-46. 

Walsh SW. Preeclampsia: an imbalance im placental pros- 
tacyclin and thromboxane production. Am J Ossrer Gy- 
NECOL 1985;152:335-40. 


. Roberts JM, Taylor RM, Musci TJ, Rodgers GM, Hubel 


CA, McLaughlin MK. Preeclampsia: endothelial cell dis- 
order. AM J Onstet Gynecot 1989;161:1200-4. 

Bill A. Blood circulation and fluid namic in the eye. 
Physiol Rev 1975;55:383-417. 


. Donaldson JO. Does magnesium sulfate treat eclamptic 


convulsions? Clin Neuropharmacol 1986;9:37-45. 


. Somjen G, Hilmy M, Stepen CR. Failure to anesthetize 


human subjects by intravenous administration of magne- 
sium sulfate. J Pharmacol Exp Ther 1966;154:652-9. 
Thurnau GR, Kemp DB, Jarvis A. Cerebrospinal fluid 
levels of magnesium in patients with preeclampsia after 
treatment with intravenous magnesium sulfate: a prelimi- 
nary report. AM J Orstet Gynecor 1987;157;1435-8. 
Altura BT, Altura BM. The role of magnesium in etiology 
of strokes and cerebrovasospasm. Magnesium 1982; 1:277- 
91. 

Belfort MA, Moise KJ Jr., Saade G, et al. Magnesium 
sulfate and phenytoin relax canine middle cerebral artery 
contracted with the thromboxane-A, analogue U46619 by 
different mechanisms [Abstract 132]. In: Proceedings of 
the thirty-ninth annual meeting of the Society for Gyne- 
cologic Investigation, San Antonio, Texas, March 18-21, 
1992. San Antonio: Society for Gynecologic Investigation, 
1992. 

Hilmy MI, Somjen GG. Distribution and tissue uptake of 
magnesium related to its pharmacological effects. Am J 
Physiol 1968;214:406-13. 

Borges LF, Gucer G. Effect of magnesium on epileptic 
foci. Epilepsia 1978;19:81-91. 4 


Effect of magnesium sulfate on plasma endothelin-1 levels 
in normal and preeclamptic pregnancies 


Dimitrios S. Mastrogiannis, MD, PhD, Craig S. Kalter, MD,” William F. O’Brien, MD,” 


Stephen J. Carlan, MD,” and E. Albert Reece, MD* 
_ Philadelphia, Pennsylvania, and Tampa, Florida 


OBJECTIVE: We attempted to determine the effects of magriesium sulfate on: (1) endothelin-1 
concentration in preeclampsia, preterm labor, and term pregnancy and (2) endothelin-1 release from 


human umbilical cord endothelial cells. 


STUDY DESIGN: Plasma samples were prospectively collecied from eight women with preeclamps a, six 
preterm labor patients, and eight term patients undergoing external cephalic version before and 2 Fours 
after magnesium sulfate infusion. Supernatants were collected from human umbilical cord endothelial 
cells exposed to magnesium sulfate and controls. All samples were assayed with a specific 
radioimmunoassay for endothelin-1. Paired Student t test and analysis of variance were used for statistical 


analysis. 


RESULTS: Magnesium sulfate infusion in preeclampsia lowered endothelin-1 levels compared with 
preinfusion values (6.6 + 3.81 before and 4.75 + 2.28 after infusion, p < 0.02). Magnesium sulfate did 
not have an effect on endothelin-1 concentration in preterm and term pregnancies. Magnesium sulfate 
did not alter the endothelin-1 release from human umbilical zord endothelial cells. 

CONCLUSION: A significant reduction of endothelin-1 plasma levels after magnesium sulfate therapy is 
limiled to preeclampsia. In contrast, this lowering effect was not exhibited in women without preeclampsia 
or in normal endothelial cells. (Aw J Osster Gynecot 1992:167:1554-9.) 


Key words: Endothelin-1, magnesium sulfate, preeclampsia, pregnancy 


The key role of the endothelium in modulating car- 
dicvascular homeostasis during normal pregnancy ard 
the importance of endothelial cell damage in the patho- 
physiologic characteristics of preeclampsia have re- 
cently been recognized.’ The endothelium regulates 
the reactivity of vascular smooth muscle through pro- 
duction of both vasodilators and vasoconstrictors.* En- 
dothelin-1 (Et-1), the most potent naturally occurring 
vasoconstrictor yet identified, belongs to a group of 
peptides, the endothelins.* There are at least three 
related peptides, endothelin 1, 2, and 3, which are 
products of separate genes and act via distinct recep- 
tors.* Et-1 mainly acts as a vasoconstrictor that also kas 
effects in other target organs such as brain, adrenal 
gland, lung, kidney, intestine, and uterus.’ Et-1 is re- 
ported to play a role in hypertensive diseases.” ° Several 
lines of evidence implicate endothelial cell injury as a 
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basic pathogenetic mechanism in preeclampsia, result- 
ing in impaired synthesis of vasodilators and a possible 
increase in the production of vasoconstrictors.' We have 
recently reported that before labor, women with preec- 
lampsia have higher plasma Et-1 concentrations when 
compared with normal antepartum women.’ 

This observation has been confirmed by reports from 
other investigators.*’* Additionally, we observed that 
magnesium sulfate infusion in antepartum patients with 
preeclampsia decreased the concentration of Et-1 in 
plasma. The current study was designed to determine 
whether the effect of magnesium sulfate on Et-1] con- 
centration is limited to preeclampsia and whether this 
effect is mediated via inhibition of Et-1 release by the 
endothelial cell. 


Material and methods 


Plasma samples were prospectively collected from 20 
volunteers presenting for care at The University of 
South Florida and Tampa General Hospital. All pa- 
tients gave written informed consent as approved by 
The University of South Florida’s Institutional Review 
Board. Eight patients had preeclampsia, as defined 
according to the following criteria: nulliparity, blood 
pressure = 140/90 mm Hg measured on two occasions 
at least 6 hours apart, urine protein =30 mg/dl (de- 
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fined as +1) by dipstick on rardom catheterized spec- 
imen, no known history of hypertension before preg- 
nancy, resolution of hypertension and proteinuria in the 
postpartum period, and no history of drug abuse. 

Six patients were diagnosed as having preterm labor 
with the following definition: gestational age <35 com- 
pleted weeks, cervical dilatation =2 cm or effacement 
= 80%, regular uterine contractions (four in 20 min- 
utes), and documented cervical change over a 2-hour 
period. Additionally, eight term patients presenting 
with breech presentations for external cephalic version 
with or without labor were included in the study. The 
preterm labor and term pregnancy patients did not 
have a history of hypertension or proteinuria before or 
during the current pregnancy. Furthermore, no other 
medical conditions complicated their pregnancies. Pa- 
tients with a history of illicit drug use or other medica- 
tions were not included. 

The collection of samples was performed after admis- 
sion to the labor and delivery suite with the patients in 
the supine position. All patients received a 6 gm bolus 
of magnesium sulfate over a 20-minute period, then 
2 gm of magnesium sulfate per hour to achieve serum 
magnesium concentrations of 4 to 6 mEq/L. The mag- 
nesium sulfate was given for seizure prophylaxis in the 
patients with preeclampsia and for tocolysis in the 
preterm labor and term patients. 

Venous blood was collected from patients in the 
recumbent position before and 2 hours after the start of 
magnesium sulfate infusion into chilled tubes contain- 
ing 5 mg/ml ethylenediaminetezraacetic acid and 500 
U/ml aprotinin. Et-] measurements were done as pre- 
viously reported.’ Briefly, plasma was separated by cen- 
trifugation, and the samples were stored at —80° C 
until assay. On the day of the assay, 2 ml of thawed 
plasma was acidified with an equal volume of 0.1% 
trifluoroacetic acid and 2N hydrochloric acid (pH 3), 
extracted over a C18 column and eluted with 60% 
acetonitrile in 0.1% trifluoroacetic acid. Recoveries of 
90% for both radiclabeled and unlabeled samples were 
observed. These extracts were evaporated to dryness 
under nitrogen and then assayed in duplicate with a 
specific radioimmunoassay (Peninsula Laboratories, 
Inc., Belmont, Calif.). Interassay and intraassay coeff- 
cient of variation for Et-1 was 7%. Et-1 concentrations 
were corrected for midpoint displacement of each 
curve. Cross reactivity with Et-2 and Et-3 was 7%. Cross 
reactivity with big endothelin was 17%. The person 
performing the radioimmunoassays was blinded as to 
the clinical condition of the patient, as well as the 
timing of the sample. 

Human umbilical vein endothelial cells were isolated 
from human umbilical veins derived from uncompli- 
cated pregnancies without a history of drug abuse. We 
used the method described by Jaffe et al.’* with modi- 
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fication. Briefly, umbilical veins from fresh umbilical 
cords <24 hours old were cannulated, flushed with 
sterile phosphate-buftered saline solution until the ef- 
fluent was clear, and then incubated by 0.1% collage- 
nase at 37° C for 15 minutes. The vessels were then 
flushed with medium 199 in 50 ml polypropylene tubes 
containing 20% fetal calf serum and centrifuged at 400g 
for 10 minutes. The pellet was reconstituted with me- 
dium 199, 20% fetal bovine serum, endothelial cell 
growth supplement 60 ug/ml, heparin 100 U/ml, and 
antibiotics and seeded into gelatin-coated 25 cm” flasks. 
The flasks were incubated at 37° C in a 5% carbon 
dioxide atmosphere. At confluence 3 to 4 days later, the 
cells were suspended (0.25% trypsin and 0.04% ethyl- 
enediaminetetraacetic acid) and split into two 25 cm’ 
gelatin-coated flasks. When these first suspended-pas- 
sage cultures reached confluence, the experiments were 
performed. Purity of endothelial cells was assessed by 
phase-contrast microscopy and fluorescent staining 
with fluorescent-labeled acetylated low-density lipopro- 
tein (DIL-AC-LDL). Culture medium, growth supple- 
ment, and antibiotics were obtained from Sigma (St. 
Louis), heparin from The Upjohn Co. (Kalamazoo, 
Mich.), and flasks were from Gibco (Grand Island, N.Y.). 

Confluent flasks were gently washed twice with phos- 
phate-buffered saline solution prewarmed at 37° C. 
Various concentrations of magnesium sulfate were 
added to the culture medium. Concentrations studied 
were 0, 5, and 10 mEq/L magnesium sulfate. The flasks 
were incubated for 24 hours at 37° C in 5% carbon 
dioxide. The medium was then removed and stored at 
80° C until assay. Et-1 radioimmunoassay, as de- 
scribed previously, was performed on the unextracted 
supernatants. 

All data were expressed as mean + SD and were 
analyzed by the SPSS statistical package. Unpaired and 
paired Student f tests, x” tests, and analysis of variance 
were performed where appropriate. A probability value 
of p < 0.05 was considered significant. 


Results 


Demographic and clinical characteristics are pre- 
sented in Table I. Patient groups did not differ in age 
or race. As expected, systolic and diastolic blood pres- 
sures were higher in the preeclamptic group. Magne- 
sium sulfate levels after the 6 gm bolus and 2 gm/hr 
maintenance dose at 2 hours were similar among the 
groups. Serum albumin concentration before and after 
the magnesium sulfate infusion was also similar. This 
similarity in albumin concentration can therefore serve 
as an indirect method to exclude possible differences in 
intravascular volume as a basis for difference in Et-1 
concentration. 

In Table H the Et-1 concentrations before and after 
magnesium sulfate in women with preeclampsia, term 
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Table I. Demographic and clinical characteristics 


Preeclampsia Breech 
(n = 8) (n = 8) 


Age (yr) 22 = 50 
Parity J 
Gestational age (wk) l 38 = 2.9 
Blood pressure (mm Hg) 

Diastolic 99 = 7.3 

Systolic 150 = 15.8 
Albumin (mg/dl) 

Before magnesium sulfate 3.3 + 0.22 

After magnesium sulfate 3.3 + 0.058 
Magnesium sulfate levels (mg/dl) 4.8 + 0.48 
Birth weight (gm) 2754 + 977 


Table II. Et-1 levels before and after 
magnesium sulfate 








ET-1 (pg/ml) 





After 


magnesium 
sulfate Significance 
Preeclampsia 6.6 + 3.12 4.75 + 2.28 p< 0.02 
(n = 8) 
External cephalic 5.2 + 2.68 4.5 + 2.63 NS 
version (n = 8) 
Preterm labor 3.9 + 3.3 3.9 + 3.1 NS 


(n = 6) 


NS, Not significant. 


patients with breech fetuses, and patients with preterm 
labor are presented. The paired Student ¢ test was used 
for analysis. Magnesium sulfate infusion lowered the 
Et-1 concentration in nonlaboring women with pre- 
eclampsia but did not have a significant effect on Et-1 
concentration in patients undergoing external cephalic 
version at term or in patients with preterm labor. In 
Fig. 1 a scattergram connecting Et-1 values before and 
after magnesium sulfate is presented. 

In Table III the Et-1 concentration in supernatants 
from human umbilical vein endothelial cells exposed to 
magnesium sulfate for 24 hours and controls is pre- 
sented. Analysis of variance wes used for statistical 
analysis. Norrnal umbilical vein endothelial cells incu- 
bated with “therapeutic” concentrations of magnesium 
sulfate (5 or 10 mEq/L) did not differ from control 
values in 24-hour Et-1 production. 

The absolute values of Et-1 in the term patients 
reflect the fact that the majority of the eight patients 
were in early labor (five of eight had regular contrac- 
tions and cervical dilatation). We have previously re- 
ported that labor increases Et-1 concentrations.’ Wren 
nonlaboring term patients undergoing external re- 
phalic version (n = 3) were compared with nonlaboring 
preeclamptic women, the Et-1 concentration was signif- 
icantly different between the two groups (3.58 + 0.421 
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Preterm labor 


(n = 6) 
26 + 4.8 2244 
|e ee | 2+ 1.4 
38.8 + 1.5 33 + 2.6 
72+ 19.3 67 + 10.4 
119 + 13.2 108 + 12.7 
3.0 + 0.75 3.5 + 0.14 
3.3 + 0.6 34+ 0.1 
5.03 + 0.643 5.8+ 1.5 
3577 + 699 2435 + 403 


Table III. Et-1 levels in supernatants of 
umbilical vein endothelial cells exposed 
to magnesium sulfate | 













Magnesium sulfate 


0 mEg/L 10 mEg/L | Significance 


Et-l (pg/ml) 617 + 39 729 +72 7299+72 NS 
(n=5) (n=4) (n=5) 





NS, Not significant. 


and 6.6 + 3.1 pg/ml, respectively; p < 0.05). Mean- 
while, the Et-1 values beore and after magnesium 
sulfate infusion were similar. 


Comment 


Preeclampsia is a hypertensive disorder unique to 
pregnancy that is character-zed by generalized vasocon- 
striction.'* Et-1 concentrations in pregnancy appear to 
be influenced by gestational age, presence or absence of 
labor, and the administration of magnesium sulfate.’ 
The possible mechanisms for the increased Et-1 levels 
in preeclampsia were discussed extensively in our pre- 
vious report.’ (1) Because there is disruption and de- 
struction of the anatomic boundaries between the en- 
dothelium and smooth muscle layer, Et-1 can leak into 
the circulation from its local environment with subse- 
quently high peripheral blood levels. (2) An abnormal 
production of Et-]1 by the affected endothelium could 
be a primary mechanism for the increased levels locally 
or in the bloodstream. On the other hand, excessive 
production of Et-1 could be the product of placental or 
fetal tissue, in preeclampsia with possible increased 
diffusion into the maternal circulation. (3) Last, a defect 
of endothelin clearance could be a mechanism for. 
increased levels in preeclampsia. 

The increased Et-1 concentrations that we observed 
in preeclampsia are not necessarily related to the de- 
gree of vasoconstriction (emphasizing the not-well-stud- 
ied paracrine effects of Et-1). The simultaneous produc- 
tion of endothelium-derived relaxing factors or va- 
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Fig. 1. Individual Et-1 values before and after magnesium sulfate.infusion. Upper panel, preeclamptic 
patients; middle panel, preterm labor patients; lower panel, term patients undergoing external cephalic 


version. Statistics by paired ¢ test. 


sodilatory prostaglandins by the endothelium may have 
a possible cooperative effect. This last effect is sup- 
ported by the following laboratory observations: 
(1) When pharmacologic concentrations of Et-1 are 
added to cultures of human umbilical cord endothelial 
cells, there is an increase in prostacyclin release.'* '° 
(2) Et-1 causes the release of nitric oxide (endothelial 
cell relaxing factor).'’ These properties may counter- 
balance its vasoconstrictive effects in vivo and serve as a 
complex feedback mechanism. The exact process of the 


release of the vasoactive substances is not known at this 
time. Additionally, prostacyclin levels are. relatively re- 
duced in preeclampsia, therefore ah POPEDAN of 
endothelin-prostacyclin interaction could exist.’ 
Magnesium sulfate is considered the standard anti- 
seizure prophylaxis in preeclampsia by the majority of 
obstetricians and gynecologists in the United States." 
Some of its pharmacologic properties suggest vasoac- 
tive effects through interaction with vasoactive peptides 
and/or direct vasodilatation. When given intravenously 
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as a bolus, it has a transient hypotensive effect that is 
not observed with continuous infus:on.'* Harbert et al.” 
demonstrated in monkeys that uterine blood flow in- 
creased by 20% in response to the infusion of magne- 
sium sulfate. Magnesium sulfate added to isolated ur- 
bilical arteries and veins obtained from normal terra 
deliveries decreased the basal tension of these vessels in 
a dose-dependent manner.” An increase in renal pros- 
tacyclin production was reported in patients in preterra 
labor after magnesium sulfate infusion.” An in vitro 
study has suggested that magnesium might increase the 


prostacyclin production from endothelial cells.” Intra- - 


venous administration of magnesium sulfate was shown 
to significantly vasodilate maternal intracranial vesse.s 
distal to the middle cerebral artery as evidenced by a 
decreased Pourcelot index without significantly affect- 
ing the other maternal or fetal vessels that were stud- 
ied.” In our study we observed a lowering of plasma 
Et-1 concentration in patients during magnesium sul- 
fate infusion, which was limited to women with pre- 
eclampsia. At this time we are unable to complete-y 
explain this finding. However, lower Et-1 levels might 
be associated with a higher degree of vasodilatation m 
response to magnesium sulfate infusion in preeclamp- 
sia, at least in some vessels. Nevertheless, the effect of 
magnesium sulfate on Et-1 levels does not appear to be 
a characteristic of normal endotkelial cells. When en- 
dothelial cells in culture were exposed to magnesium 
sulzate, the release of Et-] did not differ from that of 
controls. ‘This is in agreement with a report by Branch 
et al.,7* who found that treatment of endothelial cells 
with magnesium sulfate (final concentration 0.005, 
0.01, 0.015, and 0.2 mg/ml) had no significant effect on 
Et-1 production. The same investigators suggested that 
actual serum from preeclamptic patients suppressed 
the production of endothelin-] from normal human 
umbilical vein endothelial cells in culture in a dose 
dependent fashion.” Puffer et al.” reported that there 
is a vasoactive substance in the sera of preeclamptic 
patients that may contribute to arterial vasospasm. The 
magnitude of vasoactivity appears to be related to the 
duration and severity of preeclampsia, but is masked or 
disappears after treatment of the patients with magne- 
sium sulfate.” Fuentes and Goldkrand”® reported tkat 
angiotensin-converting enzyme activity was found to 
decrease 1 to 8 hours after the start of magnesium 
suifate therapy in preeclamptic patients. By stabilizing 
the vessels and possibly preventing further leakage, 
magnesium sulfate infusion resulted in lower levels of 
angiotensin-converting enzyme activity in the sera of 
treated patients. A similar mechanism could be respcn- 
sible for our observations on Et-l, at least in part. 

A limitation of our study is thet the endothelial cells 
used were from normal umbilical cords. We do not 
know how abnormal endothelial cells would behave in 
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the presence of magnesium sulfate. Additionally, cells 
from the human umbilical vern may differ in some 
physiologic properties from other vessels in human 
pregnancy, because the umbilical cord is deprived of 
innervation. Et-1 may, nevertheless, serve as a useful 
peptide in investigating the pharmacologic properties 
of magnesium sulfate in the treatment of preeclampsia 
and eclampsia. . 


REFERENCES 


1. Roberts JM, Taylor RN, Musci T], et al. Preeclampsia: an 
endothelial cell disorder. Ars J Osster GynecoL 1989;161: 
1200-4. 

2. Vane JR, Anggard EE, Botting RM. Regulatory functions 
of the vascular endothelium:. N Engl J Med 1990;323:27- 
36. 

3. Yanagisawa M, Kurihara H, Kimura S, et al. A novel potent 
vasoconstrictor peptide praduced by vascular endothelial 
cells. Nature 1988;332:411-5. 

4. Nayler WG. Endothelin: isoforms, binding sites and pos- 
sible implications in pathology. Trends Pharmacol Sci 

- 1990;11:96-9. 


' 5, Saito Y, Nakao K, Mukoyama M, Imura H. Increased 


plasma endothelin level. in patients with essential hyper- 
tension. N Engl J] Med 1990;332:205. 

6. Wu CC, Bohr DF. Role of endothelium in the response to 
endothelin in hypertension. Hypertension 1990;16:677- 
81. 

7. Mastrogiannis DS, O’Brien WF, Krammer J, Benoit R. 
Potential role of endothelin-1 in normal and hypertensive 
pregnancies. AM J:Osster GyNnecot 1991;165:1711-6, 

8. Taylor RN, Varma M, Terg NNH, Roberts JM. Women 
with preeclampsia have higher plasma endothelin levels 
than women with normal Pregnancies: J Clin Endocrinol 
Metab 1990;71:1675-7. 

9, Kamoi K, Sudo N,. Ishibashi M, Yamaji T. Plasma en- 
dothelin-1 levels in patients with pregnancy-induced hy- 
pertension. N Engl J Med 1990;323:1486-7. 

10. Nova A, Sibai BM, Barton JR, Mercer BM, Mitchell MD. 
Maternal plasma level of endothelin is increased in pre- 
eclampsia. AM J Osster Gyneco 1991;165:724-7. - 

11. Schiff E, Ben-Baruch G, Feleg E, et al. Immunoreactive 
circulating endothelin-1 in normal and hypertensive preg- 
nancies. AM J Osster GynecoL 1992;166:624-8. 

12. Clark BA, Halvorson L, Sachs B, Epstein FH. Plasma 
endothelin levels in preeclampsia: elevation and correla- 
tion with uric acid levels and renal impairment. Am J] 
Ossrer GYNECOL 1992;166:962-8. 

13. Jaffe EA, Nachman RL, Becker CG, Minick CR. Culture of 
human endothelial cells derived from umbilical veins. 
J Clin Invest 1973:52:2745-56. 

14. Cunningham -FG, MacDonald PC, Grant NF. Williams’ 
obstetrics.: 18th ed. Norwalk, Connecticut: Appleton & 
Lange, 1989:658-72. 

15. Rae GA, Trybulec M, de Nucci G, Vane JR. Endothelin-1 
releases eicosanoids from rabbit isolated perfused kidney 
and spleen. J Cardiovasc Pharmacol 1989;13:(suppl 5): 
S89-92. 

16. Mitchell MD, Romero RJ, epera R, Rittenhouse L, Edwin 
SS. Actions of endothelin-1 on prostaglandin production 
by gestational tissues. Prostaglandins 1990;40:627-35. 

17. Warner TD, Mitchell JA, de Nucci G, Vane JR. Endothe- 
lin-1 and endothélin-3 release EDRF from isolated per- 
fused arterial vessels of the rat and rabbit. J Cardiovasc 
Pharmacol 1989;13(suppl 5):S85-8. 

18. Cotton DB, Gonik B, Dorman KF. Cardiovascular alter- 
ations in severe pregnanczy-induced hypertension: acute 
effects of intravenous magnesium sulfate. AM J OBSTET 
GYNECOL 1984;148:162-5. 


Volume 167 
Number 6 


19. Harbert GM Jr, Cornell GW, Thornton WN Jr. Effect of 
toxemia therapy on uterine dynamics. Am ] Osster Gy- 
NECOL 1969;105:94-10]. 

20. Altura BM, Altura BT, Carella A. Magnesium deficiency— 
induced spasms of umbilical vessels: relation to pre- 
eclampsia, hypertension, growth retardation. Science 
1983;221:376-80.. 

21. O’Brien WF, Williams MC, Benoit R, Sawai SK, Knuppel 
RA. The effect. of magnesium sulfate infusion of systemic 
and renal prostacyclin production. Prostaglandins 1990; 
40:529-38. 

22. Watson KV, Moldow CF, Ogburn PL, Jacob HS. Magne- 
sium sulfate: rationale for its use in preeclampsia. Proc 
Natl Acad Sci U S A 1985;83:1075-8. 


Magnesium sulfate and endothelin-1 


t 


23, Belfort MA, Moise KJ Jr, Saade G. The effect of magne- 
sium sulfate on maternal and fetal blood flow in pregnan- 
cy-induced hypertension (PIH) [Abstract 55]. AM J OBSTET 
GynecoL 1992;166:296. 

24. Branch DW, Dudley DJ, Mitchell MD. Preliminary evi- 
dence for homeostatic mechanism regulating endothelin 
production in pre-eclampsia. Lancet 1991;337:943-5. 

25. Puffer HW, Cheek SE, Oakes GK, et al. Vasoactive effect of 
sera from preeclamptic patients. AM J Osster GYNECOL 
1982;142:468-70. 

26. Fuentes A, Goldkrand JW. Angiotensin-converting enzyme 
activity in hypertensive subjects after magnesium sulfate 
therapy. AM J OnsteT GyNEcoL 1987;156:1375-9. 





Correlation of nocturnal increase: in plasma oxytocin with 
a decrease in plasma estradiol/progesterone ratio in 


late pregnancy 


Anna-Riitta Fuchs, DSc," Oliver Behrens, MD,” and Hung-Ching Liu, PhD” 


New York, New York, and Hannover, Germany 


OBJECTIVES: Our purpose was to determine whether plasma oxytocin concentrations show a daily 


rhythm. 


STUDY DESIGN: Ten women between 37 and 39 weeks of gestation volunteered for the study. They 
were admitted 1 to 2 days before the experiment. Three biood samples were taken with 2-minute intervals 
each time, at 8 am, 4 pm, and 12 midnight. Oxytocin, 17 B-estradiol, progesterone, and cortisol were 
measured by radioimmunoassay with highly specific antibodies. Statis-ical analysis of variance by 
Friedman's test was followed by multiple range testing, and p < 0.05 was considered significant. 
RESULTS: Significant daily rhythm was found for plasma cortisol, progesterone, and oxytocin and for the 
estradiol/progesterone ratio. Oxytocin showed a nocturnal peak and a strong negative correlation with 


the estradiol/progesterone ratio, 


CONCLUSIONS: The daily rhythm in plasma oxytocin parallels the rhythm in uterine activity (shown by 
others), suggesting a causal relationship between the two. Both may in turn be related to the ratio of 
circulating estradiol and progesterone. (Am J Osster Gynecol 1992;167:1559-63.) 


Key words: Diurnal variations, pregnant women, oxytocin, cortisol, estradiol, progesterone 


Uterine activity in pregnant women exhibits a 
marked diurnal rhythm." ? Increased activity occurs at 
night time with a peak around midnight. This bio- 
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rhythm may be the reason why the hour of labor onset 
also shows a 24-hour rhythm with a peak between 
midnight and 2 am.” Marked diurnal variations in uter- 
ine activity of pregnant rhesus monkeys*® and pregnant 
baboons” have also been demonstrated. No correlation 
was found between the nocturnal uterine activity and 
maternal catecholamines or prostaglandins? or with 
amniotic fluid prostaglandins.? Maternal and fetal 
plasma steroid hormones exhibited marked diurnal 
variations; progesterone in phase and estrone phase 
shifted in relation to uterine activity.” * '° Uterine 
responsiveness to oxytocin also exhibited a 24-hour 
rhythm, which coincided with the rhythm in uterine 
activity.” Administration of specific oxytocin antago- 
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Fig. I. Plasma oxytocin (OT) concentrations in 10 women m 
late pregnancy (37 to 39 weeks) measured in samples taken at 
8 am, 4 pm, and midnight. Three samples were taken at each 
sampling time, and the means for the three samples were used 
for statistical calculations. Asterisk, Significant difference from 
8 aM values (p = 0.0055). Values are mean + SEM, n = 10 


nists abolished the midnight peak in uterine activity in 
pregnant rhesus monkeys'* and baboons,’ which 
strongly suggested: that oxytocin was responsible for tke 
24-hour rhythm in uterine activity in pregnant subhu- 
man primates. No information in this regard is avail- 
able in the human. The purpose of this study was to 
exzmine whether plasma concentrations of oxytocin 
exhibit ‘diurnal variations in women. in late pregnancy. 
To examine the -possible influence of ovarian and ad- 
renal steroids on plasma oxytocin levels the concentra- 
tions of plasma estradiol, progesterone, and ‘cortisol 
were, measured i in the same samples as for oxytocin. 


Material and methods 


Ten pregnant women between 37 and 39 weeks of 
gestation volunteered for the study, which was approved 
by the institutional human rights committee. The 
women were admitted to the hospital for observation ] 
to 2 days before the experiment. Blood samples were 
drawn through an indwelling’ catheter at 8m, 4 pm, and 
12 midnight, at least'4. hours after the previous meal 
each tinie. Daylight was from 5 aM until’9 pm, and the 
third sample was taken in the dark. Three samples were 
collected with 2-minute intervals in each instance into 
ethylenediaminetetraacetic acid — eee. chilled 
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Fig. 2. Plasma concentrations of cortisol (F), progesterone 
(P,), and estradiol (E2) in the same samples as in Fig. 1. 
Asterisks, Significant differences between 8 am and midnight 
samples (One asterisk, p = 0.02; two asterisks, p = 0.0001). 


tubes that were kept on ice until plasma was separated, 
acidified for the oxytocin assay, and frozen. Oxytocin 
was extracted with Florisil minicolumns and eluted with 
90% acetone in water, and the extracts were assayed in 
the radioimmunoassay as previously described and val- 
idated'* with ‘a very sensitive and specific oxytocin 
antibody. '* The sensitivity of the assay, including extrac- 
tion losses, was 0.1 „U/ml; 'the intrassay and interassay 
variations were 11.8% and 15.7%, respectively. The 
steroids 17B-estradial, progesterone, and cortisol were 
determined in unacidified plasma samples with com- 
mercial radioimmunoassay kits (Pantex,’Santa Monica, 
Calif.) with iodine 125—labeled ligands. All samples 
from each patient were analyzed in the same assay. The 
means for the three samples were used as data points in 
statistical analysis of the grouped data by Friedman’s 
test (randomized block analysis of variance by ranks). 
Differences between groups were assessed by multiple 
range testing, and p < 0.05 was considered significant. 
The values shown are mean + SEM, unless otherwise 
indicated. i T: 


Results 

The concentration of plasma oxytocin are shown in 
Fig. 1. There was a significant increase from’ 8 am to 
midnight (p = 0.0055). The mean increment, 50.5% + 
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Fig. 3. Relationship of ratios of plasma concentrations of 
cortisol/estradiol (F:E,), cortisol/progesterone (F:P,), and 
estradiol/progesterone (£2: P4) to time of sampling. Asterisks, 
Significant differences between 8 am and midnight (b = 0.005 
in all instances). 


14.4%, was significantly greater than the tntraassay 
variation (p < 0.01). 

The concentrations of plasma steroid hormones mea- 
sured in the same sample as for oxytocin are shown in 
Fig. 2. Cortisol concentrations were highest at 8 am and 
lowest at midnight, as expected (p = 0.0001). Concen- 
trations of plasma progesterone also showed ‘significant 
differences between samples taken at 8 am and mid- 
night (p = 0.02). The variations were much smaller 
than for cortisol and occurred in the opposite direction 
with lowest values at 8 am. Conzentrations of plasma 
estradiol were lower at midnight than at 8 am. but the 
difference was not statistically significant (p = 0.1). 

The relationships between the steroid hormone con- 
centrations in the plasma of the pregnant women ex- 
hibited marked circadian variations. The molar ratios of 
cortisol to estradiol, cortisol to progesterone, and estra- 
dio] to progesterone are shown in Fig. 3. All three ratios 
decreased significantly from 8 sm to midnight (p = 
0.005 in all instances). The cortizol/progesterone ratio 
fell to lower levels (to 44% of & am values) than the 
cortisol/estradiol ratio (to 67% of 8 am values). The 
concentrations of plasma oxytocir were not significantly 
correlated with the concentrations of any of the steroid 
hormones but were inversely correlated with the ratio of 
estradiol to progesterone (p = 0.002) (Fig. 4). The 
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Fig. 4. Relationship of plasma oxytocin concentrations with 
molar ratio of plasma estradiol to progesterone (E3: P4). Cor- 
relation was significant (p = 0.002). Stippled line, Slope without 
one outlying value (in parentheses}. j 


concentration of oxytocin was lowest in the morning 
samples of all women. In seven women the highest 
concentrations were found at midnight; in the other 
three they occurred in the afternoon. 


Comment 


The results demonstrate that plasma concentrations 
of oxytocin exhibit a nocturnal peak and early morning 
nadir in women in late pregnancy. A nocturnal increase 
in plasma oxytocin concentrations has also been dem- 
onstrated for pregnant rhesus monkeys,'* in which it 
coincided with the nocturnal peak in uterine activity. 
Because a specific oxytocin antagonist abolished the 
midnight peak in uterine activity,’? oxytocin was the 
probable cause of the variations in uterine contractility. 
The nocturnal peak in the concentrations of plasma 
oxvtocin demonstrated in the current study is tempo- 
rally correlated with the nocturnal peak in uterine 
activity in late pregnancy reported by others." * The 
peak concentrations of oxytocin in women were of 
similar magnitude as those measured after a 4 to 16 
mU bolus of oxytocin was injected into women in late 
pregnancy. These injections elicited uterine contrac- 
tions," indicating that comparable oxytocin concentra-. 
tions are capable of stimulating uterine contractions in 
women at or very near term. Oxytocin may therefore 
also be responsible for the nocturnal increase in uterine 
activity in pregnant women. The lack of diurnal varia- 
tions in prostaglandin or catecholamine concentrations 
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in maternal plasma and amniotic fluid of pregnant 
rhesus monkeys” ° suggested tha: these compounds 
may not be involved in the stimulation of the nocturna- 
uterine activity. In the human, prostaglandin secretior. 
is maximal in the daytime and significantly lower at 
nighttime, as indicated by urinary excretion rates,” 
suggesting that prostaglandins may not provide the 
primary stimulus for the midnight peak in uterine 
activity in women, although the participation of pros- 
taglandins in the nocturnal augmentation of myo- 
metrial contractions cannot be ruled out. 

What factors in turn regulate oxytocin secretion in 
pregnant women is not known. The strong correlation 
between the ratio of estradiol to progesterone suggests 
that ovarian hormones participate in the regulation of 
oxytocin secretion in women. The studies of Wilson et 
al.” in pregnant baboons also point to the balance of 
estradiol and progesterone as an important regulator of 
uterine responsiveness to oxytocin. 

The daily variations in the circulating steroid hor- 
mone concentrations in late pregnancy reported by us 
are similar to those found by others in regard to 
cortisol.'°** In regard to progesterone and estradiol, 
the findings vary. Like us, Junkermann et al."* found a 
significant diurnal rhythm of progesterone, and Challis 
et al.” found a rhythm before 35 weeks but not between 
38 and 39 weeks. Jawad et al.** and Damme et al.” 
could not find a consistent circadian rhythm at either 
30, 34, or 38 weeks. In regard to plasma estradiol, Rec< 
et al.'s and Jawad et al.”’ reported variations similar t3 
ours, but in their studies statistical significance was 
reached, whereas Damme et al. did not detect a 
24-hour rhythm. The conflicting findings may be due 
parily to the small number of women studied (two cr 
three in some of the studies) and partly to the episodic 
fluctuations exhibited by the concentrations of all the 
steroids. We attempted to minimize such variations ky 
using the mean value of three successive blood samples 
in each case. Those steroids that are produced ky 
maternal adrenals or depend on maternal or fetal 
adrenal precursors (cortisol and estradiol) are likely to 
exhibit circadian variations whereas those synthesized 
de novo in the placenta (progesterone) are, according 
to some authors,” * less likely to exhibit such varia- 
tions. The significant nocturnal increase in plasma 
progesterone (current study) could perhaps be due fo 
variations in the production of precursor cholesterol by 
maternal liver or, as suggested by Hess et al” ard 
Challis et al.,”° to a direct interaction between circulat- 
ing cortisol and progesterone. In the early morning 
hours, when cortisol levels are maximal, the cortisol- 
binding protein in plasma is fully saturated wich 
cortisol; hence progesterone may be more rapidly me- 
tabolized than at midnight when, at low cortisol leve.s, 
a substantial proportion of progesterone is bound to 
the cortisol-binding protein.” 

In conclusion, we have found that concentrations of 
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oxytocin in the plasma of women in late pregnancy 
exhibit significant daily rhythms with a nocturnal peak. 
The oxytocin peak is temporally associated with a peak 
in uterine activity, which has been shown by others” and 
which may in turn be associated with the onset of sponta- 
neous term and preterm labor,**°*’ both of which show 
a significant peak around midnight and early morning 
hours. 
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Lack of normal increase in saliva estriol/progesterone ratio 
in women with labor induced at 42 weeks’ gestation 


Diana J. Moran, MD, Hugh H. McGarrigle, PhD, and Gillian C. Lachelin, MA, MD 


London, England 


Saliva specimens were collected approximately every 6 hours from day 280 to day 294 by 16 women who 
labored on day 294. There was a ncrmal rise in the mean saliva estriol/progesterone ratio in the six who 
went into labor spontaneously but no change in the 10 whose labor was induced. (Am J Osstet GynecoL 


1992;167:1563-4.} 


Key words: Estriol/progesterone ratio, postterm pregnancy, induced labor, spontaneous labor, 


saliva 


The mechanisms underlying the spontaneous onset 
of labor are still unclear. It has been shown that saliva 
steroid levels reflect unbound uaconjugated (free-bio- 
logically active) steroid levels and that there is a rise in 
the saliva estriol/progesterone ratio beginning approx- 
imately 3 weeks before the spon-aneous onset of labor 
at term.’ An increase in the saliva estriol/progesterone 
ratio has also been demonstrated in women going into 
idiopathic preterm labor but notin those with preterm 
rupture of the membranes.” 

Our study was designed to determine whether there 
is any difference in the saliva estriol/progesterone ratio 
between those women going intc spontaneous labor at 
42 weeks and those whose labor was induced at 42 
weeks. 
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Material and methods 


Fifty women were recruited at 280 days’ gestation and 
asked to collect unstimulated saliva samples approxi- 
mately every 6 hours until delivery. Gestational age was 
calculated as the number of days since the first day of 
each woman’s last menstrual period and was confirmed 
by ultrasonographic scan at approximately 12 and 19 
weeks. All of the women had normal pregnancies with 
unremarkable weekly biophysical profiles and Doppler 
flow studies from 40 weeks until delivery. All were 
delivered of healthy babies with normal birth weights. 
The study was approved by the local Ethics Committee. 

The saliva samples were stored at —40° C; those of 
the 16 women who labored on day 294 were assayed for 
estriol and progesterone by radioimmunoassay.’ All 
saliva samples from each subject were assayed in dupli- 
cate in the same assay. 


Results 


Thirty-four of the 50 women recruited were delivered 
before day 294, and they were excluded from the study. 
Six of the remaining 16 women went into spontaneous 
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Saliva estriol/progesterone (E;/P) ratios (mean + SEM): from day 280 tc 294 in women 


going into spontaneous labor on day £94 and women with labor induced on day 294. 


labor on day 294, and 10 were induced on day 294. The 
ages and parity of these two groups of women were 
similar. 

There was a rise in the saliva estriol/progesteron= 
ratio (mean + SEM) in those who went into labor spon- 
taneously but no change in those who were induced 
(Fig. 1). The difference in the estriol/progesterone ra- 
tios between the two groups was statistically significant 
from day 287 (unpaired ¢ tests, p < 0.05). The rise in 
the estriol/progesterone ratio in the women in whom 
labor occurred spontaneously was the’ result of an ir- 
crease in estriol levels; progesterone levels were relz- 
tively unchanged in both groups. 


Comment 


It is well known that an increase in the estrc- 
gen/progesterone ratio plays a role in the onset of labcr 
in sheep.” In rhesus monkeys estrogen levels rise before 
labor, but progesterone levels are unchanged.” Estro- 
gens are known to increase and progesterone is known 
to decrease the number of myometrial gap junctions,’ 
the number of oxytocin receptors, and prostaglandin 
synthesis.’ 


Estriol is an estrogen that is almost unique to. 


pregnancy; it is synthesized from dehydroepiandrostez- 
one sulfate, which is produced by the fetal adrenal 
glands, 16-hydroxylated in the fetal liver, and then aro- 
-matized by the placenta. Estriol was thought to be a wezk 
estrogen, but there is increasing evidence of its estro- 
genic effect when present in high concentration over a 
prolonged period of time," as in pregnancy. Free estriol 
is the most abundant free estrogen in late pregnancy.' 

A rise in the saliva estriol/progesterone ratio begin- 
ning approximately 3 weeks before the spontaneous 
onset, of labor at term and an increased estriol/pro- 
gesterone ratio in women in idiopathic preterm labor 


. have previously been demonstrated, with no alteration 


in the estradiol/progesterone ratio." ? In our investiga- 
tion we showed that, as expected, the mean saliva 
estriol/progesterone ratio was rising at > 2 weeks before 
spontaneous labor at 42 weeks, but that no such in- 
crease occurred in those women whose labor was. in- 
duced at 42 weeks. The rise in the estriol/progesterone 
ratio was the result of an increase in estriol rather than 
a fall in progesterone levels. 

Our study adds further weight to our hypothesis that 
an increase in the estriol/progesterone ratio may be 
important in the initiation of labor in women. 
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HLA-DQB57 in Hispanic patients with insulin-dependent 


diabetes mellitus 


Grace Lee, MD,’ Fayek N. Sharama, MD, Michael P. Diamond, MD, 


and John T.D. Lee, PhD® 
New Haven, Connecticut, and Rocrville, Maryland 


OBJECTIVE: The purpose of our study was to investigate the distribution of HLA-DQ B-chain amino acid 
residue 57 (HLA-DQB57) as a genetic marker of susceptibility for insulin-dependent diabetes mellitus in 


the Hispanic population. 


STUDY DESIGN: Fifteen patients of Puerto Rican descent with juvenile-onset insulin-dependent diabetes 
mellitus underwent human leukocyte antigen typing for HLA-DQB57 by polymerase chain reaction 
amplification of the target genomic DQ sequence followed by hybridization of the polymerase chain 
reaction product to phosphorus 32—labeled allele-specific oligonucleo-ide probes. A control group of 44 
Hispanic adults without diabetes who were undergoing. human leukocyte antigen typing for tissue 


donation were concurrently typed for comparison. 


RESULTS: The Hispanic insulin-defendent diabetes mellitus group showed a significant increase in 
homozygosity for a non-aspartate amino acid {p = 0.023) over a control group of Hispanic subjects 
without diabetes. A high rate of heterozygosity for aspartate (53.3%) is found in Hispanic subjects with 


insulin-dependent diabetes mellitus as well. 


CONCLUSIONS: HLA-DQ8£57 in the Hispanic population has a distribution distinct from HLA-DQB57 in 
the Caucasian population. A single aspartate is not protective against insulin-dependent diabetes mellitus 


in Hispanic subjects. (Am J Oester Gynecot 1992;167:1565-70.) 


Key words: Major histocompatibility complex, autoimmune diabetes, Hispanic 


insulin-dependent diabetes mellitus, HLA-DQB57 


In the Caucasian population cass IJ major histocom- 
patibility complex determinants (HLA-DR3 and HLA- 
DR4) are known to be associated with increased suscep- 
tibility to insulin-dependent diatetes mellitus. Approx- 
imately 95% of patients with insu_in-dependent diabetes 
mellitus have HLA-DR3 or 4 as opposed to 50% of the 
general population.'* Close linkage between DR and 
DQ loci previously obscured antigen contribution from 
DR versus DQ as determined serologically. With the 
advent of molecular analysis DQ subtypes are easily 
distinguished. There is growing evidence that the DQ 
locus is more important in determining susceptibility to 
insulin-dependent diabetes mellizus in Caucasians.°*” In 
particular, amino acid residue 57 of the DQ B-chain has 
been found to be strongly associated with susceptibility 
or resistance to insulin-dependent diabetes mellitus in 
Caucasians. As high as 96% of diabetic probands ho- 
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mozygous for a nonaspartate amino acid at DQ657 
have been reported in the Caucasian population.®? A 
single aspartate for residue 57 is postulated to confer a 
protective effect from insulin-dependent diabetes mel- 
litus. The greatest susceptibility to insulin-dependent 
diabetes mellitus is presumed to be in individuals with 
both DQ alleles at position 57 encoding non-aspartate 
amino acids. 

Previous studies in non-Caucasian groups demon- 
strated that HLA-DR3 or 4 association in msulin-de- 
pendent diabetes mellitus does not hold across all racial 
groups.’ DR and DQ linkage disequilibrium also give 
haplotype associations that can vary depending on the 
population studied."’ If the DQB57 residue is a genetic 
merker for insulin-dependent diabetes mellitus com- 
mon to all individuals, it would be an important marker 
for the identification of individuals who would be pre- 
disposed to insulin-dependent diabetes mellitus. Alter- 
natively, DOB57 may be a relevant marker only for a 
particular segment of the general population; conse- 
quently, its general clinical significance would be more 
limited. To better understand the influence of the 
DQ857 marker on resistance or susceptibility to insulin- 
dependent diabetes mellitus in non-Caucasian subjects, 
we investigated the distribution of this residue in His- 
panic patients with insulin-dependent diabetes mellitus. 
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Fig. 1. A representatiye minigel electrophoresis performed to 
ascertain ‘size of amplified DNA’ from second exon of DQE 1 
gene. First six lanes contain different patient samples ampli- 
fied by polymerase chain reaction. Lane 7 is amplificaticn 
preduct of ddH,O, which gives no band. Lane 8 contains 
marker DNA, which is'a standard DNA ladder of ®X174 EF 
DNA/Hae IH fragments. Homogeneous polymerase chain rz- 
action product aligning with 271 bp band of marker is noted 
for all samples. 


We sought -to determine whether zhe extreme homozv- 
gosity for a nonaspartate amino acid at this position in 
Caucasians with insulin-dependeni diabetes mellitus rz- 
flected an ethnic HLA antigen distribution or whether a 
single aspartate would truly confer a protective effect :n 
other populations as well. A single aspartate conferring 
protection from insulin-dependent diabetes mellitus -n 
the Hispanic population would establish a commen 
mechanism for residue 57 of DQB in determining 
susceptibility to msulin-dependent diabetes mellitus. 


Material and methods 

Patients. After informed patient consent and Institu- 
tional Review Board approval, 15 Hispanic patierts 
with juvenile-onset insulin-dependent diabetes mellitus 
were tested over the course of 2 years when they were 
seen for ambulatory care services by obtaining three 
heparinized, 10 cm? tubes of venous blood per patient 
for HLA typing. Controls were 44 normal Hispanic 
adults undergoing HLA typing for tissue donation pur- 
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poses. All subjects were of Puerto Rican descent and 
were unrelated. Individual test results were identified 
only by number for privacy as specified in the informed 
consent. | 
Methods. Lymphocytes were isolated from whole 
blood with a standard Ficoll-Hypaque gradient meth- 
od.'* They were partitioned for serologic typing of class 
I (HLA-A, B, C) and class II (DR, DQ) antigens. Deoxy- 
ribonucleic acid (DNA) extraction from the remaining ` 


cells was performed by lysing the white cell pellet with 


nucleic acid lysis buffer (10 mmol/L Tris, 400 mmol/L 
sodium chloride, 2 mmol/L disodium ethylenediamine- 
tetraacetic acid) followed by the addition of sodium 
dodecyl sulfate (10% final ccncentration) and 10 mg/ml 
proteinase K. After overnight incubation, saturated so- 
dium acetate was added to the proteinase K—digested 
sample. The sample was centrifuged to obtain a clear 
supernatant fraction, and the DNA was precipitated 
with isopropanol.’® Amplification of genomic DNA was 
performed with the following polymerase chain reac- 
tion mixture: 100 ul total volume with 10x polymerase 
chain reaction buffer (containing 15 mmol/L. magne- 


sium chloride, 1 mmol/L of each deoxynucleotide tri- 


phosphates, 5 pmol/L of primer 1, 5 pmol/L of primer 
2, 1 wg genomic DNA, 1.25 U Taq polymerase, and 
ddH.O (double-distilled water). Primers used to am- 
plify a variable region in the second exon of the DQ B-1 
gene are referenced from the Eleventh International 
Histocompatibility Workshop (DQBAMP-A 5'-GC 
ATG TGC TAC TCC ACC AAC G-3’ and DOBAMP-B 
5'-CTG GTA GTT GTG TCT GCA CAC-3’). Thermal 
cycling was performed in a programmable Perkin- 
Elmer Cetus DNA Thermal Cycler (Perkin-Elmer Cetus 
Corporation, Norwalk, Conn.) for 30 cycles. Tempera- 
tures used are 95° C for denaturing, 55° C for anneal- 
ing, and 72° C for extension. Minigel electrophoresis 
(1.5% agarose gel containing ethidium bromide 0.5 
ug/ml) was performed to ascertain the size of amplified 
DNA (Fig. 1). The polymerase chain reaction products 


- are aligned with the 271 base pair (bp) fragment of the 


marker, and a homogeneous product is noted. For 
hybridization approximately 2 wl of sample product was 
dot-blotted onto nylon membranes. The membranes 
were prehybridized with TMAC buffer (50 mmol/L 
Tris-hydrochloride pH 8.0, 3.0 mol/L tetramethylam- 
monium chloride, 2 mmol/L ethylenediaminetetraacetic 
acid, 0.1% sodium dodecyl sulfate) and herring sperm 
DNA at 50° C for 1 hour. Hybridization was performed 


‘with phosphorus 32-labeled allelle-specific oligonucle- 


otide probes for 3 hours at 50° C. Allelle-specific oligo- 
nucleotide probes used for each serologic HLA subtype 
are 17 bp sequences enclosed in boxes in Fig. 2. Filters 
were washed twice in 100 ml 2x SSPE (4.5 mol/L 
sodium chloride, 0.3 mol/L sodium biphosphate, 30 
mmol/L ethylenediaminete:raacetic acid) and 0.1% so- 
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Fig. 2. Schematic representation of HLA-DQ subtypes in two standard HLA nomenclature systems. 
Serologic subtypes are correlated with corresponding molecular subtypes (boxed). Entire amino acid 
sequences for 17 bp allele-specific oligonucleotide probes are enclosed in rectangular boxes. Nucleotide 
of sequence is read seme as one above it if there is a dash, with only changes in nucleotides from top 
sequence being highlighted by letter. Val, Valine; Ser, serine; Asp, aspartate. 


dium dodecyl sulfate at room temperature to remove 
excess probe. This was followec by a high stringency 
wash in 100 ml TMAC wash solution (50 mmol/L 
Tris-hydrochloride pH 7.8, 3.C mol/L TMAC, 0.2% 
sodium dodecyl sulfate) at specific T,, (55° C to 58° C) 
for each allelle-specific oligonucleotide probe used. 
Depending upon the DQ serologic specificity, several 
different molecular sequences are possible. The amino 
acid at position 57 may be encoded by GAC or GAT for 
aspartate. Autoradiography for 12 hours (overnight) 
with X-OMAT XAR-05 Kodak alms (Eastman Kodak 
Company, Rochester, N.Y.) gives a positive or negative 
result for each probe used in the hybridization step. 
Positive and negative DNA controls are used with each 
blot and hybridization procedure. Positive controls are 
extracted and amplified from Tenth International His- 
tocompatability Workshop cell limes; ddH,O is the neg- 
ative control. A representative membrane with DNA 
blotted and hybridized to allelle-specific oligonucleo- 
tide for DQ7 (DQB1*0301) is shown in Fig. 3. An 


equivocal result may be checked by a repeat procedure, 
correlation with serologic type and sequencing if nec- 
essary. In all patients tested, an affirmative or negative 
binding could be clearly distinguished. 

Statistical analysis was performed by the x” test. 
Significance was defined as p < 0.05. 

Results 

Of-the Hispanic insulin-dependent diabetes mellitus 
patients, 7 (46.7%) were homozygous for a nonaspar- 
tate amino acid, and 8 (53.3%) were heterozygous with 
one aspartate amino acid (Table I). Of control Hispanic 
subjects, 6 (13.6%) were homozygous for non-aspartate 
amino acid, 24 (54.5%) were heterozygous with one 
aspartate amino acid, and 14 (31.8%) were homozygous 
for an aspartate amino acid at DQB57 (Table Il). No 
Hispanic insulin-dependent diabetes mellitus patient 
was homozygous for aspartate at position 57 of the 
DQ chain. In patients with a least one non-aspartate 
amino acid there was a significant increase in homozy- 
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Fig. 3. A representative dot blot membrane where 2 ul of polymerase chain reaction DNA product 
was blotted onto nylon membrane for each sample studied and hybridized ta allelle-specific 
oligonucleotide for DQw7(DQB1*0301). Total membrane is grid of 42 samples, with first two “dots” 
being positive control and negative control Positive controls are extracted and amplified from 
referenced Tenth International Histocompatibility Workshop cell lines; ddH,O is negative control. 


Table I. HLA-DQ typing of Hispanic subjects 
with insulin-dependent diabetes mellitus 


Insulin-dependent DOB! 

diabetes mellitus (serology) residue 57 
l 8 (3) 6(1) Nasp/nasp 
2 6(1) 3 ` Nasp/nasp 
3 a 3 Nasp/nasp 

4 7(3) 2 Asp/nasp 

5 2 4 Nasp/asp 

6 2 4 Nasp/asp 

7 2 ~ Nasp/asp 

8 78B) — Asp/nasp 
9 6(1) 2 Nasp/nasp 

10 8 (3) 6(1) Nasp/asp 
11 2 — Nasp/nasp 

12 8(3) 6()) Nasp/asp 
13 3 2 Nasp/nasp 

14 2 6 (1) Nasp/asp 
15 5(1) 2 Nasp/nasp 


Nasp, Non-aspartate; asp, aspartate. 


gosity (nonaspartate-nonaspartate) in the insulin-de- 
pendent diabetes mellitus group compared with nondi- 
abetic controls (x*, p = 0.023). 


Comment 


Type I diabetes or insulin-dependent diabetes melli- 
tus may be regarded as a disease expressed in individ- 


uals with genetic susceptibility after triggering by envi- 
ronmental agents. "^ These environmental agents have 
included viruses such as Coxsackie virus B, mumps, 
rubella, and cytomegalovirus. Chemicals such as al- 
loxan, vactor (rodenticide). pentamidine, and cyclo- 
sporine have also been implicated as causes. HLA as a 
genetic marker was initially identified in the B locus in’ 
1974 (HLA-B8 and Bw15). After class JI HLA loci were 
later recognized, HLA-B locus association with insulin- 
dependent diabetes mellitus was noted to be the con- 
sequence of linkage disequilibrium with the DR locus. 
HLA-DR3 and DR4 have an even stronger association 
with insulin-dependent diabetes mellitus susceptibility 
than any HLA-B antigen.’* DR and DQ loci linkage 
disequilibrium now points to the DQ locus, specifically 
the DQ857 residue as a marker of insulin-dependent 
diabetes mellitus susceptibility in Caucasians.” In the 
search for a genetic marker for insulin-dependent dia- 
betes mellitus, the pathogenesis of ‘insulin-dependent 
diabetes mellitus is also being elucidated. Monozygotic 


‘twins are only 25% to 5€% concordant for insulin- 


dependent diabetes mellitus.'’ Therefore the combina- 
tion of genetic susceptibility and an environmental 
trigger ultimately determines the disease state. 

Major histocompatibility complex interaction with T 
lymphocytes is divided into class I-CD8 T cell and class 
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II-CD4 T cell recognition. In autoimmune disease ‘class 


II major histocompatiblity complex molecules have | 


strong disease association and are thought to play an 
immunoregulatory role. In insulin-dependent diabetes 
mellitus class H HLA (DR/DQ) disease association im- 
plies that islet cell-specific auto.mmunity is T-cell de- 
pendent. A theoretic model for the class II major 
histocompatibility complex struccure places DQB chain 
residue 57 at the position corresponding to residue 143 


of the class I a-2 domain.” This residue is part of the 
a-2 domain helix that forms one side of the putative ` 


antigen-binding cleft. Abnormel binding of foreign 
peptide was one mechanism previously proposed to 
explain the high degree of non-aspartate homozygosity 
found in Caucasian populations with insulin-dependent 
diabetes mellitus. Homozygositr for a non-aspartate 
amino acid is likewise increased. in Hispanic insulin- 
dependent diabetes mellitus. However, the high rate of 


heterozygosity (53.3%) indicates that a single residue | 


for aspartate is not protective at this site. Thus the 
location of the residue near the tinding site can at best 
be a partial explanation of the influence of this single 
residue in Caucasians. The lack of total influence by 


HLA-DQ857 in Hispanic insulin-dependent diabetes . 


mellitus indicates that genetic susceptibility for insulin- 
dependent diabetes mellitus is exerted by more than 
one element of HLA expression- 

We conclude that Hispanic mindende diabe- 
tes mellitus, as opposed to Caucasian insulin-depen- 
dent diabetes mellitus, has a diferent distribution of 
HLA haplotypes. In particular. the distribution of 
DQB57 amino acid residues varies. A single aspartate at 
this position is not protective from insulin-dependent 
diabetes mellitus because approximately half of all 
Hispanic insulin-dependent diabetes mellitus in the 
patient cohort examined were heterozygous for aspar- 
tate. Thus the mechanism of DQB57 non-aspartate 
versus aspartate residue in insulm-dependent diabetes 


mellitus should be studied in the context of the tota! - 


DQ expression and perhaps even more broadly in the 
context of the entire HLA genotype expression. Low- 
level expression of class I major histocompatibility com- 
plex determinants has recently been reported in a small 
group of patients with long-term, juvenile-onset, insu- 
lin-dependent diabetes and subsets of prediabetics cat- 
egorized as most likely to become hyperglycemic.” 
Interestingly, class II susceptibilitr was not predictive of 
the low-level class I expression. Genetic susceptibility 
for insulin-dependent diabetes mellitus as determined 
by class I] major histocompatibility complex association 


probably encompasses a variety of immune mechanisms ` 


in antigen presentation, recognit.on, and response, ul- 
timately resulting in a common pathologic pathway. 
Markers such as DQB57 aspartete are only valid for 
specific patient populations. 
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-Table II. HLA-DQ typing of Hispanic subjects 


without diabetes 


| : DQBI 
Contro: No. DQ (serology) residue 37 


l 2 7 - Nasp/asp 

2 6 "HR Asp/nasp 

3 7 — Asp/asp 

4 5 2 Nasp/nasp 

5 7 — Asp/asp 

6 6 7 Asp/asp 

7 2 7 Nasp/asp 

8 6 7 Asp/asp 

9 2 8 Nasp/nasp 
10 2 7 ‘Nasp/asp 
1] 7 6 Asp/asp 
12 5 2 Nasp/nasp 
13 6 2 Asp/nasp 
14 5 7 Nasp/asp 
15 5 2 Nasp/nasp 
16 6 2 Asp/nasp 
17 7 2 Asp/nasp 
18 7 6 Asp/asp 
19 5 6 Nasp/asp 
20 2 6: Nasp/asp 
21 2 8 Nasp/nasp ` 
22 5 6 Nasp/asp 
23 5 6 Nasp/asp 
24 6 7 Asp/asp 
25 5 7 Nasp/asp 
26 2 4 Nasp/asp 
27 7 4 Asp/asp 
28 5 4 Nasp/asp 
29 6 2 Asp/nasp 
30 7 6 Asp/asp 
31 6 2 Asp/nasp 
32 7 2 Asp/nasp 
33 2 6 Nasp/asp 
34 7 5 Asp/asp 
35 6 7 Asp/asp 
36 ‘7 6 Asp/asp 
37 7 2 Asp/nasp 
38 | 2 8 Nasp/nasp 
39 6 8 Asp/nasp 
40 4 — Asp/asp 
4] 2 6 _Nasp/asp 
42 7 — Asp/asp 
43 2 5 Nasp/asp 
44 6 2 Asp/nasp 


Nasp, Non-aspartate; asp, aspartate. 
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The transfer of anti-human immunodeficiency virus 
nucleoside compounds by the term human placenta 


Roger E. Bawdon, PhD, Sohrab Sobhi, BS, and Jody Dax, BS, RN 
Dallas, Texas 


OBJECTIVE: The purpose of this study was to compare the maternal-fetal placental transfer of 
2’ .3'-dideoxyinosine and 2',3’-dideoxycytidine with that of 3°-azido-2’, 3-dideoxythymidine 
(azidothymidine). 
STUDY DESIGN: The perfusion systen used carbon 14~—labeled antipyrine as a reference compound to 
determine the clearance index of each compound. The inhibitor dipyridamole and the endogenous bases 
were used to determine if these anti-human immunodeficiency virus compounds crossed the placenta 
other than by simple diffusion. 
RESULTS: The clearance index of azidothymidine was 0.28 + 0.04 at maternal concentrations of ~.0 to 
10 pg/ml, and the clearance index of 2’,3’-dideoxyinosine was 0.14 + 0.05, which was 48% of the 
clearance index of azidothymidine. The clearance index of 2',3’-dideoxyinosine was essentially identical 
to azidothymidine in the range from 1 to 10 pg/mi. The results of the closed-closed studies suggest that 
at therapeutic peak concentrations of 1 to 2 pg/m! of these compounds in the maternal circulation 
therapeutic levels will be reached in the fetal circulation. 
CONCLUSION: These anti-human immunodeficiency virus inhibitors appear to cross the placenta rapidly 
by simple diffusion because (1) the transfer of the drugs to the fetal circulation was not saturable even 

at 700 pg/ml, (2) there was no changa in clearance index with the addition of 300 pmol/L of thymidine, 
inosine, cytosine, or 30 pmol/L dipyridamole, and (3) there was no accumulation against the maternal 
fetal or fetal maternal concentration g-adient. (Am J Osstet Gynecol 1992;167:1570-4.) 


Key words: Ex vivo, human placenta, anti-human immunodeficiency virus nucleoside drugs 
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An estimated 5500 to 6000 human immunodeficiency 
virus (HIV)-infected women were delivered of live-born 
infants in 1989.’ With an infection rate of approxi- 
mately 30%, this suggests that 1600 to 1800 of these 
children were HIV infected.’ With the number of HIV 
infections increasing, it is important to determine the 
placental transfer of anti-HIV aucleoside drugs, be- 
cause of the increased HIV prevalence and the evolu- 
tion of azidothymidine-resistant strains of HIV. The use 
of these agents may play a central role in maintenance 
of maternal health through pregnancy and in possible 
prevention of vertical transmission of the virus. 

The nucleoside compounds that are either available 
for treatment of HIV infection cr in various phases of 
human studies include azidothymidine (3'-azido-2’,3’- 
dideoxythymidine), 2’,3'-dideoxyinosine, and 2’,3'- 
dideoxycytidine. Previous studies on placental transfer 
have been reported on azidothyraidine in the placental 
perfusion model, in pregnant women, and in pregnant 
macaques (Macaca nemestrina).*° In these studies it was 
shown that azidothymidine is rap:dly transported across 
the human placenta both in vivo and in the ex vivo 
perfusion model, resulting in taerapeutic concentra- 
tions in the fetal circulation. 

The purpose of this study was to compare the ex vivo 
placental transfer of 2',3'-dideoxyinosine and 2’,3’- 
dideoxycytidine with that of azidothymidine and to 
determine the mechanism of transport. 


Material and methods 


Investigational drugs were donated by these 
manufacturers: azidothymidine (Burroughs Wellcome, 
Durham, N.C.), 2’,3’-dideoxyinosine (Bristol Myers 
Squibb, Wallingford, Conn.), and 2’,3'-dideoxycytidine 
(Hoffmann-La Roche, Nutley, N.J.). All placentas used 
in this study were obtained from uncomplicated (37 to 
42 weeks’ gestation) pregnancies after vaginal or cesar- 
ean section delivery, according tc the guidelines of the 
Institutional Review Board for Human Studies. Each 
placenta was transported to the laboratory in a bath of 
physiologic saline. A suitable non-raumatized cotyledon 
(i.e., without detectable leaks) wes identified. The fetal 
artery and vein were cannulated vith an umbilical vessel 
catheter. The closed fetal system was gently flushed with 
heparinized - perfusate consisting of Eagle’s minimum 
essential medium with nonessertial amino acids and 
Earle’s salts and L-glutamine with 2.2 gm sodium bicar- 
bonate and 3% bovine serum albumin per liter. Perfu- 
sate pH was adjusted to 7.2 with either sodium hydrox- 
ide or hydrochloric acid, as indicated. The cannulated 
placentas were placed in the perfusion apparatus at 
35° C with the chorionic surface situated interiorly and 
supported on the flat surface of a perfusion device 
within 30 minutes of delivery. Fetal circulation was 
initiated at a flow rate of 3.5 to 6.0 ml/min with a 
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pressure of 40 to 50 mm Hg.° Maternal circulation was 
established at a flow rate of 17.0 ml/min by placing one 
or two 18-gauge needles penetrating 0.5 to 1.0 cm into 
the intervillous space. Each placenta was perfused with 
drug-free media for 30 to 45 minutes to stabilize 
the placenta and remove retained blood. Antipyrine— 
carbon 14 (0.1 mg/ml) was used to determine a clear- 
ance index, and tritiated inulin was added to the fetal 
circulation to document capillary integrity.° 

Placental cotyledon integrity was demonstrated by 
antipyrine and inulin transfer as a control measure 
before the perfusion study was begun. Experiments that 
documented inulin transfer to the maternal side or 
poor antipyrine maternal-to-fetal transfer were dis- 
carded. The maternal and fetal circulation was either 
open-open (single pass in both circulations) or closed- 
closed (both circulations contained 150 ml that was 
recirculated). Antipyrine clearance and the clearance 
index were established with the formula from Challier.” 

Once antipyrine clearance was successfully demon- 
strated, anti-HIV drugs were added individually, and 
studies were conducted to determine whether the trans- 
fer mechanism could be saturated, the clearance index 
could be determined, and drug transfer could be inhib- 
ited by 30 pmol/L dipyridamole (a documented inhib- 
itor of nucleoside transport) or 300 pmol/L endoge- 
nous nucleic acid bases. In addition, a maternal-fetal 
and fetal-maternal concentration gradient was estab- 
lished. At least two placentas were used in each exper- 
iment, with multiple drug determinations at each drug 
concentration per placenta to replicate results. 

Drug concentrations were determined by high-pres- 
sure liquid chromatographic methods. Waters Associ- 
ates (Milford, Mass.) equipment, consisting of a 510 
pump, a 712 WISP, and a 481 ultraviolet LC detector 
was used. Conditions for high-pressure liquid chroma- 
tography analysis are summarized in Table I. Between- 
batch and within-batch reproducibility studies were 
conducted, and the minimum sensitivity of each anti- 
HIV compound was determined. Least-squares linear 
regression analysis was used to calculate the concentra- 
tion of the nucleoside in the placental perfusates. The 
standard F test (analysis of variance) was used to deter- 
mine the significance between the clearance index un- 
der the various experimental conditions and between 
drug concentrations. 


Results 


The high-pressure liquid chromatography assays 
were validated over a 3-day period by means of un- 
known samples containing concentrations of the anti- 
HIV compounds from 100 ug/ml to 50 ng/ml. The 
within-batch and between-batch reproducibility studies 
were > 90% accurate at 50 ng/ml (data not shown). 

The results of the tenfold increases in the concentra- 
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Fig. 1. Accumulation of azidothymidine with both maternal 
and fetal circulations closed for 1 hour. There was linear 
accumulation in fetal circulation through three logarithmic 
scal@ concentrations in maternal circulation. Bar, SD. 
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Fig. 2. Accumulation of 2',3'-dideoxyinosine with both ma- 
ternal and fetal circulations closed for 1 hour. There was linear 
accumulation in fetal circulation through three scale logarith- 
mic concentrations in maternal circulation. Bar, SD. 


tion of nucleosides, starting with tne approximate ther- 
apeutic tenfold and 100-fold mazernal concentrations 
in the closed-closed circulatory systems, are depicted in 
Figs. 1 through 3. These data.suggest a nonsaturable 
system suggestive of simple diffusion. As seen in these 
figures, all nucleoside analogs passed from the mater- 
nal to the fetal circulation very rapidly when both 
‘circulatory systems were closed. The accumulation of 
these drugs was log linear for 1 hour across maternal 
concentrations of 1.0 to 100 ug/ml. The R? for the fetal 
accumulation for maternal concentrations of 1, 10, and 
109 pg/ml was >0.95 for all chree anti-HIV com- 
pounds. 

In studies in which both circulations remained open 
at therapeutic and approximately tenfold the therapeu- 


tic concentrations of the anti-HIV compounds, the 
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Fig. 3. Accumulation of 2’,3'-dideoxycytidine with both ma- 
ternal and fetal circulations-clos2d for 1 hour. There was linear 
accumulation in fetal circulation through three logarithmic 
scale concentrations in maternal circulation. Bar, SD. 


clearance index of azidothymidine was also linear (Ta- 
ble II). These data confirm findings by previous inves- 
tigators that the placental transfer of azidothymidine is 
by simple diffusion. These data are consistent with a 
previously reported study.” In addition, in studies in 
which 300 mol/L thymidine was added to the media 
the clearance index of azidothymidine was not altered. 
Similarly, the addition of 30 umol/L dipyridamole did 
not alter the clearance index, suggesting that there was 
no energy-derived transpor: system. In addition, when 


10 ug/ml azidothymidine was placed in both the ma- 


ternal and fetal circulation, there was no change in the 
concentration of azidothymidine in either circulation, 
suggesting steady-state equi-ibrium. Similar results were 
obtained with 2',3’-dideoxyinosine and 2',3’-dideoxy- 
cytidine when endogenous bases or dipyridamole and 
when equal concentrations were added to both the 
maternal and fetal circulation. The clearance index of 
2’,3'-dideoxyinosine was about 48% less than that of 
azidothymidine. The clearance index of 2',3'-dideoxy- 
cytidine was lower than thet of azidothymidine by ap- 
proximately 25%, which, because of the SEM, is not 
statistically significar.t. Concentrations of 1.0 and 10.0 
g/ml were used to establish the clearance index of the 
three anti-HIV drugs, and an endogenous base concen- 
tration of 300 wmol/L was added to the maternal 
circulation to compete with the analogs to determine if 


«the transport system was saturable. These compounds, 


which may be inhibitory by competition for the same 
receptor, did not alter the clearance index of the nu- 
cleosides at the therapeutic and tenfold concentrations 
of the anti-HIV nucleoside in an open-open circulating 
system. These data are illustrated in Table I. The 
clearance index of azidothymidine and 2',3'-dideoxycy- 
tidine is essentially identical with enough experimental 
variation to make the differences insignificant. How- 
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Table I. Summary of high-pressure liquid chromatography methods used to assay anti-HIV nucleosides 





























High-pressure 
liquid Limit of 
Detector Mobile chromatography detection 
Nucleoside wavelergth phase Extraction column 
Azidothymidine 273 18% Acetonitrile* Phaset Cis 50 
2',3-Dideoxyinosine 273 3% Acetonitrilet Phase Partisil ODS- 50 
2',3'-Dideoxycytidine 254 2% Acetonitrile, 2% methanol§ Phase Hypersil | 50 


*82% 0.1 mol/L Phosphate buffer, pH 2.5, 18% acetonitrile.® 


tAcetonitrile followed by methylene chloride. 
t3% Acetonitrile, 97% phosphate suffer, pH 3.0. 


§2% Acetonitrile, 2% methanol, 1 gm/L potassium phosphate, pH 4.8.’ 


Table II. Comparison of placertal transfer of anti-HIV drugs 














Clearance 
index 


Concentration 


Nucleoside (3/ml) 





Azidothymidine* 1.0 0.31 

Azidothymidine 10.0 0.29 + 0.04 
2',3'-Dideoxyinosine 1.0 0.14 + 0.03 
2’,3'-Dideoxyinosine 10.0 0.15 + 0.04 
2',3'-Dideoxycytidine 1.0 0.22 + 0.06 
2',3'-Dideoxycytidine 10.0 0.23 + 0.03 










Equal 
concentrations of 
maternal-fetal 
circulation 







Clearance index 
with DP 


Clearance index 
with END 


0.30 0.28 NC 
0.265 + 0.04 0.255 + 0.01 NC 
O.11 + 0.04 0.13 + 0.05 NC 
0.14 + 0.05 0.18 + 0.05 NC 
0.20 + 0,04 — 0.16 + 0.08 NC 
0.21 + 0.05 0.16 + 0.09 NC 


END, 300 pmol/L Endogenous bass, thymidine (azidothymidine), inosine (2',3'-dideoxyinosine), cytosine (2’,3’-dideoxycytidine); 


DP, 30 pmol/L dipyridamole; NC, no change. 


*Two or more placentas were used in all cases except azidothymidine (1.0 pg/ml), in which one was used. 


ever, there was a significant diference between 2',3'- 
dideoxyinosine and the other anti-HIV drugs. The 
clearance index of 2',3’-dideoxyinosine was approxi- 
mately 48% less than that of azidothymidine 
(p < 0.006, F = 17.54). The difference could be re- 
lated to molecular structure because 2',3’-dideoxyi- 
nosine is a purine whereas the other drugs in this study 
were pyrimidines.”° In addition, the difference could 
be related to lipid solubility or a hydrophilic effect, 
which would cause less lipid-soluble substance to pass 
across the placenta. The slight differences in water 
solubility could relate to the lower clearance index of 
2',3'-dideoxyinosine, although we have no evidence to 
support this concept. These deta again suggest that 
these drugs pass from the maternal to the fetal circu- 
lation by simple diffusion. 
= Dipyridamole 30 pmol/L was added to the open- 
open systems also at the therapeutic and tenfold ther- 
apeutic concentrations, and as depicted in Table I, 
there was no difference in the clearance index of any of 
the nucleosides when compared with the clearance 
index of the drugs in which only the nucleoside analogs 
were added. 

Finally, in experiments in whica equal concentrations 
of the anti-HIV drugs were placed in both the maternal 
and fetal circulation, no increases in concentration in 


the fetal circulation were noted. Also, there was no 
change in the maternal circulation, suggesting that 
once equilibrium is achieved in the maternal-fetal cir- 
culation there is no concentrating effect on either cir- 
culatory system. 


Comment 


These experiments were designed to study the pla- 
cental transport of three anti-HIV drugs, azidothymi- 
dine, 2’,5'-dideoxyinosine, and 2’,3'-dideoxycytidine. 
The data from the azidothymidine studies agree with a 
previously reported study, and the data from studies on 
the other anti-HIV drugs suggest that they are all 
transported from the maternal to the fetal circulation 
by simple diffusion. This is based on the facts that there 
were no changes when high concentrations of endoge- 
nous bases were added, when dipyridamole was added, 
and when equal concentrations of drugs were placed in 
both the maternal and fetal circulations. It is also 
important to note that rapid transfer from the maternal 
to the fetal circulation of all the anti-HIV drugs was 
observed. : 

Previous studies with azidothymidine involving both 
the perfusion model and in vivo studies involving preg- 
nant macaques and women have shown that azidothy- 
midine rapidly crosses the placenta, and when in steady 


~ 
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state, the concentration in the fetal circulation may be 
equal to or greater than the maternal plasma concer:- 
tration.*” Although there are no in vivo data on preg- 
nart monkeys and women supporiing the concept that 
2',5'-dideoxyinosine and 2’,3’-dideoxycytidine reach 
high levels in the fetal compartment, the results of th:s 
study have shown that the clearance indexes of tbe 
drugs are similar to'that of azidothymidine. Because the 
three drugs act similarly in the perfusion model, it -s 
probable that the drugs both individually and in com- 
bination reach high concentrations in the fetal com- 
partment, and they may be able to alter or prevent the 
onset of HIV infection or its symptoms during ges- 
tation. 
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Changes in T-lymphocyte subpopulations during pregnancy 
complicated by human immunodeficiency virus infection 


Mara J. Dinsmoor, MD, and James T. Christmas, MD 
Richmond, Virginia 


OBJECTIVE: We describe changes in T-lymphocyte subpopulations in pregnancies complicated by 


human immunodeficiency virus infection. 


STUDY DESIGN: T-lymphocyte courts were performed every trimester and post partum on all patients 
with human immunodeficiency virus infection. Patients with a CD4 count <500 cells/mm? were offered 
zidovudine after the first trimester. W2 performed a regression analysis of repeated measures on the total 


lymphocyte, CD4, and CD8 counts. 


RESULTS: Twenty-three patients were studied, 10 (43%) of whom took zidovudine. CD4, CD8, and total 
lymphocyte counts decreased in patients not taking zidovudine but remained stable in patients receiving 


zidovudine. The differences were not statistically significant. 


CONCLUSIONS: CD4 and CD8 counts may decrease during pregnancies complicated by human 
immunodeficiency virus infection, primarily because of decreases in the total lymphocyte count. The use 
of zidovudine may prevent this decline. The clinical use of absolute CD4 counts during pregnancy 


requires further study. (Am J Osster GynecoL 1992;167:1575-9.) 


Key words: Pregnancy complicated by human immunodeficiency virus, T lymphocytes, CD4 


lymphocytes 


The effect of normal pregnancy on lymphocyte 
counts and their distribution has not been well defined. 
Few studies have been done and the results have been 
contradictory. In a cross-sectional study, MacLean et al.’ 
reported that total lymphocyte counts, as well as abso- 
lute suppressor (CD8) and helper/inducer (CD4) T-cell 
numbers, remain unchanged in the first trimester of 
normal pregnancy, compared with those of nonpreg- 
nant controls. On the other hand, Sridama et al.’ 
reported decreases in both the absolute number and 
percentage of CD4 cells in the second and third trimes- 
ters of normal pregnancies and in the first 2 months 
post partum.’ Because CD8 cells remained essentially 
unchanged, the CD4/CD8 ratio was also significantly 
reduced, reaching a nadir in the third trimester. Similar 
results were reported by Bailey et al. who also noted 
adequate T-helper cell function in spite of reduced 
numbers. In a longitudinal study of T-lymphocyte sub- 
populations,* both the total lymphocyte counts and the 
absolute numbers of CD4 cells decreased in the second 
and third trimesters of pregnancy. CD8 cell numbers 
decreased only in the third trimester. However, none of 
these changes was statistically significant. 

In the care of patients with human immunodeficiency 
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virus (HIV) infection, important clinical decisions are 
based on the absolute CD4 count, including initiation of 
zidovudine therapy and Pneumocystis carinii pneumonia 
prophylaxis. Because these’ same decisions often must 
be made during pregnancy, the possible effects of preg- 
nancy on the absolute CD4 count become increasingly 
important. Biggar et al.* performed monthly lympho- 
cyte panels on 102 pregnant women at risk for HIV, 37 
of whom were HIV positive. Total lymphocyte counts 
remained essentially stable in both groups of patients, 
whereas CD4 counts decreased in both. They did note, 
however, a late-third-trimester increase in the CD4 
counts, which was less marked in the HIV-infected 
patients. Post partum, the CD4 count remained stable 
at delivery levels in HIV-negative patients but contin- 
ued to decrease in HIV-positive individuals. CD8 counts 
increased slightly during pregnancy in both groups of 
patients. 

Furthermore, although the use of zidovudine appears 
to result in at least a temporary increase in the CD4 
count in men,° similar changes have not been docu- 
mented in women, either pregnant or nonpregnant. 

The purpose of this study was to describe, in a 
longitudinal fashion, the changes in T-lymphocyte sub- 
populations seen during pregnancy in a group of HIV- 
infected women, including those taking zidovudine. 


Material and methods 


Most pregnant women in central Virginia diagnosed 
with HIV infection are referred to the Obstetric Infec- 
tious Disease Clinic associated with the Medical College 
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Fig. 1. Giara in absolute CD4 count with gestational age. Solid squares, Patients not receiving 
zidovudine (n = 13); solid circles, patients receiving zidovudine (n = 10). p = not significant for all 


comparisons. 


Table I. Maternal demographics and neonatal 
‘outcome (mean + SD) 


Maternal age (yr) 24.8 + 4.1 
Gravidity 3.4 + 1.6 
Parity . 1.5 + 1.0 
Black patients (%) . 9} 

Risk factor for HIV infection (No.* 

HIV-positive partner 8 (35%) 
Unknown 6 (26%) 
Partner at risk for HIV 5 (22%) 
Intravenous drug use 3 (13%) 
Transfusion 1 (4%) . 

Gestational age (wk) 38.2 + 2.6 
Birth weight (gm) 2912 + 539 


of Virginia. Patients receive the remainder of their 
prenatal care at this clinic and undergo delivery at the 
Medical College of Virginia Hospital. Long-term care is 
then provided by local health departments and by the 
Division of Infectious Disease of the Department of 
Medicine. Lymphocyte enumeration panels are per- 
formed at the first visit to our clinic and then every 
trimester, as well as at the first postpartum visit. These 
are performed with flow cytometry and a dual-labeled 
technique (Cyto-State, Coulter). Patients with a CD4 
count <500 cells/mm’ are routinely offered zidovudine 
therapy after the first trimester. Data on demographics, 
lymphocyte counts, pregnancy complications, and preg- 
nancy outcome were collected in a prospective fashicn. 


A regression analysis of repeated measures was per- 
formed with SAS software. Other comparisons „were 
performed with Fisher’s exact test for dichotomous 
variables and Student's ¢ test for continuous variables. A 
p value of <0.05 was considered significant. 


Results — 


Between July 1, 1989, and Jan. 8 30, 1992, 57 women 
with pregnancies complicated by HIV infection were 
seen in the Obstetrical Infectious Disease Clinic. Of 
these, 37 patients continued their pregnancies and 
received prenatal care at the clinic, with 23 of them 
having at least.two lymphocyte panels completed dur- 
ing pregnancy. Ten of these patients received zidovu- 
dine during pregnancy. In nine, therapy was initiated’ 
after the first trimester, at an average gestational age of 
25.1 + 4.6 weeks. The tenth patient conceived while 
receiving zidovudine. 

Table I describes maternal demographics and neo- 
natal outcome. There were no significant differences in 
demographics and: neonatal outcome between these 
patients and the other pregnant HIV-infected patients 
cared for.in the clinic. Twenty-two patients (96%) were 
asymptomatic (Centers for Disease Control group 2) 
and one had acquired immunodeficiency syndrome 
(Centers for Disease Control group 4). 

Changes in CD4 counts through pregnancy are dem- 
onstrated in Fig. 1. Although the CD4 count tended to 
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Fig. 2. Changes in absolute CD8 count with gestational age. Solid squares, Patients not receiving 
zidovudine (n = 13); solid circles, patients receiving zidovudine (n = 10). Slope of patients not 
receiving zidovudine versus slope of zero, p = 0.03. p =-not significant for all other comparisons. 


decrease with gestational age ir patients not taking 
zidovudine (slope = —6.81, p = not significant, com- 
pared with slope of zero), it remained essentially stable 
in patients taking zidovudine (slope = 2.36; p = not 
significant, compared with slope of zero). The differ- 
ence between the slopes of these two regression lines 
was not Statistically significant (p = 0.34). Post partum, 
CD4 counts remained stable or rose in the majority of 
patients not taking zidovudine (3/11, 73%). Four pa- 
tients receiving zidovudine have rad postpartum CD4 
counts performed and all were ‘> 500 cells/mm’. , 
The changes in CD8 counts are outlined in Fig. 2. 
There was a statistically significant decrease in CD8 
counts in patients not on zidovudine (slope = — 10.57; 
p = 0.03, compared with slope of zero). Again, the CD8 
counts remained essentially stable in patients taking 
zidovudine (slope = 0.64; p = not. significant, com- 
pared with slope of zero). The d-fference between the 
two slopes is not statistically significant (p = 0.14). Post 
partum, the CD8 counts rose in all patients, with the 


exception of one patient not receiving zidovudine - 


(n = 15). 

The results of total lymphocyte counts are found in 
Fig. 3. The total lymphocyte counts also tended to 
decrease with gestational age in patients not receiving 
zidovudine, although this did no: reach statistical sig- 
nificance (slope = —9.14; p = not significant, com- 


pared with a slope of zero), nor did the increase in total 
lymphocyte counts in patients on zidovudine (slope = 
9.42; p = not significant, compared with slope of zero). 
The difference between the two slopes is not statistically 
significant (p = 0.38). Post partum, the total lympho- 
cyte counts increased in all patients except one who was 
not receiving zidovudine (n =.14). 

The changes in mean total lymphocyte, CD4, and 
CD8 cell counts with gestational age are summarized in 
Table II. 


Comments 


Our findings that total lymphocyte counts and CD4 
counts show a decreasing trend during pregnancy are 
similar to those of others.** These decreases did not 
reach Statistical significance, probably as a result of the 
small sample size. Our results differ slightly from those 
of Biggar et al, who found that total lymphocyte 
counts were stable whereas CD4 counts decreased. In 
that study CD4 counts rose slightly just before delivery, 
although they continued to decrease post partum in the 
patients with HIV. One possible explanation for the 
different findings might be the different patient popu- 
lations studied, with a majority of their HIV-positive 
patients having acquired the infection via intravenous 
drug use. In contrast, a majority of our patients ac- 
quired the infection via heterosexual contact with a 
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Fig. 3. Changes in tctal lymphocyte count with gestational age. Solid squares, Patients not receiving 
zidovudine (n = 13); solid circles, patients receiving zidovudine (n = 10). p = not significant for all 
comparisons. 


Table II. Summary of changes im CD4, CD8, and total lymphocyte counts with gestational age 


Slope of regression line 
(cells/mm? vs gestational age) 











No zidovudine : Zidovudine 
Total lymphocyte count —9.14 NS 9.42 NS NS 
CD4 —6.81 NS 2.36 NS NS 
CD8 ~ 10.57 3 = 0.03 0.64 NS NS 
CD4/CD8 0.00 NS 0.01 NS NS 


NS, Not significant. 
*Compared with slope of zero. 
+Zidovudine compared wtih no zidovudine. 


person with or at risk for HIV. Determination of lym- 
phocyte counts was performed :n a similar fashion in 
the two studies. 

The cause of the decreases in the total lymphocyte 
counts, CD4, and CD8 counts is uncertain. The d:lu- 
tional effect of an increased plasma volume offers only 
a partial explanation, as the decrease in cell counts 
appeared to progress throughout pregnancy, whereas 
most of the increases in plasma volume occur early in 
pregnancy. Although progesterone, estrogen, human 
chorionic gonadotropin, and prolactin are known to 


depress lymphocyte activity in vitro,’ the effects of these - 


hormones on absolute and relative lymphocyte counts 
in vivo is not known. 

The minor increase in CD4 counts in pregnancy in 
women started on zidovudine may be an effect of the 
zidovudine. In HIV-infected men CD4 counts improve 
transiently when zidovudine therapy is begun.° Of note, 
the CD4 counts remained essentially unchanged during 
pregnancy in the single patient who conceived after 
having been on zidovudine for 2 years. The relative 
stability of the CD4, CD8, and total lymphocyte counts 
in patients on a regimen of zidovudine may also repre- 
sent the natural history of HIV in pregnant women, in 
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that changes in lymphocyte counts may occur more 
slowly as counts drop. Clearly, <urther research into 
the natural history of HIV and acquired immunodefi- 
ciency syndrome in women, both pregnant and non- 
pregnant, is needed. The increase in CD4 counts post 
partum to >500 cells/mm* in the zidovudine-treated 
group emphasizes the need for further evaluation of the 
criteria for institution of zidovudine therapy during 
pregnancy. 

We conclude that during pregnancies complicated by 
HIV infection, total lymphocyte counts decrease with 
gestational age, with associated decreases in the CD4 
and CD8 counts. As a result the use of absolute CD4 
counts in the management of these pregnancies may 
result in unwarranted medical irtervention. Although 
the use of zidovudine appears <o reverse this trend 
toward lower CD4 counts, the c.inical significance of 
this finding is uncertain. 


Lymphocytes in HIV pregnancies 
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Use of esterase inhibitors and zone electrophoresis to 
define bacterial esterases in amniotic fluid _ 


Iffath Abbasi Hoskins, MD," Joseph Katz, PhD,” Susan S. Kadner, MS,” 


Bruce K. Young, MD, and Thomas Finlay, PhD* 
New York, New York 


OBJECTIVE: The purpose of cur study was to define further the role of bacterial esterases in amniotic 


fluid obtained from women with chorioamnionitis. 


STUDY DESIGN: Amniotic fluid sampes from 39 patients with chorioamnionitis were submitted for 
bacterial cultures and in vitro assay. Esterase inhibitors diisopropyl flucrophosphate and iodoacetic acid 
were added and the degree of inhibition calculated. These results were compared with the amniotic fluid 
culture results. Chi square analysis was performed to compare the results of the esterase assay and the 
inhibition assay between the uninfected and infected amniotic fluid samples. 

RESULTS: Thirty-one patients had pcsitive bacterial cultures, with 21 being infected with gram-negative 
organisms. All samples showed significant inhibition (range 55% to 82%) with diisopropyl 
fluorophosphate. There was partial inhibition with iodoacetic acid (range 10% to 30%) in the 
gram-negative samples but no inhibition in the gram-positive and uninfected samples. Six infected and 
two uninfected samples were analyzed by using zone electrophoresis with human plasma as a control. 
Minimal esterase motility was noted ir the amniotic fluid samples as compared with that in plasma. 
CONCLUSION: The esterases in amniotic fluid appeared to be of bacterial, not human, origin. 
Furthermore, different groups cf bacteria appeared to produce different esterases in infected amniotic 


fluid. (Am J Osster Gynecot 1992;167:° 579-82.) 


Key words: Chorioamnionitis, esterase inhibitors, bacterial cultures, electrophoresis 
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Table I. Pathogens identified in amniotic 


fluid cultures 
Uninfected Infected 
(n = 48) (n = 32) 


Positive cultures (> 10°/cfu/ml) 3 31. 
Organisms l 
Aerobic, gram-positive 
` Streptococcus 1 
Staphylococcus aureus 
Anaerobic, gram-positive 
' Peptostreptococcus ] : 3 
Peptococcus lL. 
Aerobic, gram-negative 
Escherichia coli 5 
Klebsiella pneumoniae 3 
Enterobactertaceae 1 3 
Anaerobic, gram-negative 
Bacteroides fragilis 
Bacteroides disiens 
Fusobacterium nucleatum 


Go OS 


DS Oo A 


Chorioamnionitis remains ar important cause of 
both maternal and neonatal morbidity. Its rapid and 
accurate diagnosis continues to pose a significant prob- 
lem. Clinical signs of chorioamnionitis (maternal fever, 
tachycardia, uterine tenderness, foul-smelling amniotic 
fluid) are often not evident until late in the course of 
the infection.' The neutrophilic leukocytes released in 
response to chorioamnionitis contain several esterases 
that are not found in serum, urine, or other body 
tissues.” | 


We have previously described the reliability of an in ` 


_ vitro spectrophotometric assay of leukocyte esterase 
activity in amniotic fluid for predicting ‘chorioamnicni- 
tis.” In a preliminary study with a nonspecific esterase 


inhibitor, we showed differentia. esterase inhibition in - 


_ gram-negative versus gram-positive infected amniotic 
fluid samples.° Different groups of bacteria appeared to 
elicit different and specific esterases in infected ammi- 
otic fluid. 

In this study we attempted to, define further the 
bacterial esterases in infected amniotic fluid by compar- 
ing the results of bacterial cultures with inhibition by 
specific esterase inhibitors. l 

Material and methods ~~ 

Specimens. Sterile amniotic fluid specimens were 
obtained by amniocentesis from 39 term and preterm 
women with suspected chorioamnionitis. Amniotic fhaid 
specimens from term and preterm uninfected women 
without chorioamnionitis servec as the controls. Each 
sample was divided into two parts: one for bacterial 
cultures and one for the in vitro assay. | 

The assay was performed by adding 10 ul amniotic 
fluid to solutions of p-nitrophenyl-hexanoate (1/10 
mol/L) in 1 ml 0.1 mol/L sodium phosphate buffer, pH 
7.0, and by measuring the hydrolysis of the nitrophenyl 
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ester from the change in absorbance at 405 nm as a 
function of time. One enzyme activity unit was defined 
as a change of 10~* AU/min. Then diisopropyl fluoro- 
phosphate and iodoacetic acid, both in concentrations 
of 10°* mol/L, were added to the aliquots and the 
change in optical density 405 nm calculated to measure . 
the degree of inhibition of leukocyte esterase activity. 
The results were compared with the amniotic fluid 
culture results. 

Zone electrophoresis wes performed on 1% agarose 
gels (50 x 75 x 5 mm) in TBE buffer (0.05 mol/L 
Tris-Cl, 0.05 mol/L boric acid, 1 mmol/L ethylenedi- 
aminetetraacetic acid, pH 8.0), and gels were stained 
for esterase activity by incubation in 80 ml 0.07 mol/L 
sodium phosphate, pH 6.5, containing 12 mg fast 
garnet and 1 ml 6 mmol/L .«a-naphthyl acetate in di- 
methyl sulfoxide, and then rinsed with water. 

Chorioamnionitis was defined as the presence of at 
least two of the following criteria: Maternal pyrexia 
(temperature > 37.8° C), leukocytosis (white blood cell 
count > 14,000/mmol/L’), uterine tenderness, and fetal 
tachycardia (heart rate >160 beats/min). A positive 
leukocyte esterase enzyme assay was defined as a value 
> 12 enzyme activity units as assayed under the condi- 
tion described above. Chi square analysis was per- 
formed to compare the results of the esterase assay and 
the inhibition assay. between the uninfected and in- 
fected amniotic fluid samples. Statistical significance 
was defined as a p value <0.05. 


Results 


Thirty-one patients had positive bacterial cultures. 
Their amniotic fluid samples grew organisms > 10 col- 
ony-forming units/ml. Of these, 21 grew gram-negative 
organisms and 10 grew gram-positive organisms (Table 
I). All 31 samples with pcsitive cultures showed signif- 
icant inhibition of esterase activity (range 55% to 82%; 
p < 0.05) with diisopropyl fluorophosphate. This inhi- 
bition occurred equally in both the gram-negative and 
gram-positive infected samples. There was partial inhi- 
bition with iodoacetic acid’ (range 10% to 30%, 


p < 0.05) in the gram-negative infected samples but 
‘none in the gram-positive and uninfected samples (Ta- 


ble II; Fig. 1): Zone electrophoresis was performed on 
six infected and two uninfected amniotic fluid samples. 
Minimal esterase motility was noted in the amniotic 
fluid samples as compared with the motility of human 
plasma (Fig. 2). . 

Thus it appeared that there was differential inhibi- 
tion of leukocyte esterase activity by specific inhibitors. 
Dusopropyl fluorophospkate appeared to be a more 
significant inhibitor of esterase activity in both gram- 
positive and gram-negative infected samples. On the 
other hand, iodoacetic acid appeared to cause partial 
inhibition in the gram-negative infected samples. 
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Fig. 1. Correlation ketween bacterial cultures and leukocyte esterase (LE) inhibition. DIFP, Diiso- 


propyl fluorophosphace; JAA, iodoacetic acid. 


Table II. Comparison of bacterial cultures and 
inhibition of leukocyte esterase activity 


Infected 





Uninfected Gram-negative 


Leukocyte esterase activity* 


Range 2.8-7.2 17.9-19.3 17.2-19.6 

Mean 4.6 18.2 17.9 
Diisopropyl fluorophosphatet 

Percentage 55-80 53-82 56-82 

Mean 63 36 63 

lodoacetic acidt 

Percentage 0-2 9-2 10-30ł 

Mean 0.7 2.9 19.1 


*Absorbance units. 
Inhibition. 
tp < 0.05, 


Comment 

Our attempts to improve our diagnostic abilities 
regarding chorioamnionitis have proved unsuccessful 
to-date. Although the use of a simple nonquantitative 


leukocyte esterase assay to diagnose chorioamnionitis ` 


has been found to be useful, * ’ sometimes the results 
can be misleading or equivocal. In such cases the use of 
the rapid, simple spectrophotometric assay helps to 
clarify the diagnosis.” 

Once chorioamnionitis has been diagnosed clinically, 
there is a delay in obtaining accurate identification of 
the causative organisms. Empiric antibiotic therapy is 
often required several hours (or 1 to 2 days) before such 
results are available. In such cases differential inhibition 
of esterase activity by a battery Df inhibitors with the 
spectrophotometric assay may allew rapid identification 
of the causative organisms.” 
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Fig. 2. Agarose gel electrophoresis of amniotic fluid samples. 
Lane I, Plasma; lanes 2-6, infected samples; lanes 7 and 8, 
uninfected samples. 


In our study diisopropyl fluorophosphate, a specific 
inhibitor of serine esterases, produced inhibition in 
both gram-positive and gram-negative infected sam- 
ples. On the other hand, iodoacetic acid, a less specific 
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inhibitor that reacts with free- triol groups, only pro- 
duced inhibition in the gram-negative infected samples. 
These findings suggest that the esterases produced in“ 
infected amniotic fluid vary according to the group of 
the infecting organisms. It is possible that the esterases 
produced by the gram-positive organisms are similar to 


the nonspecific carboxyl esterases present in maternal 


leukocytes.’ 

Electrophoresis of six infected and two’ uninfected 
samples on agarose gels showed no obvious esterase 
_ Staining bands (Fig. 2). This finding was clearly differ- 
ent.from the esterase activity in human plasma. These 
preliminary experiments suggest that the esterases in’ 
infected amniotic fluid are of bacterial rather than 
human origin, although additional experiments will be 
needed to confirm this. 

Additionally, on the basis of their substrate specificity 


and the specific but differential inhibition by two es- - 


terase inhibitors, we suggest that different groups of 
- bacteria produce different types of esterases. The pos- 
sibility that intraamniotic bacterial infections trigger the 
production not only of bacterial esterases but also of 
esterases from trophoblast cells or macrophages 
present in amniotic fluid is currently being investigated. 
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Further elucidation and classification of these esterases 
may help to clarify some of the existing questions about 
the pathogenesis of chorioamnionitis. 
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Amniotic fluid tumor necrosis factor- and interleukin-1 
in a rabbit model of bacterially induced preterm 


pregnancy loss 


Robert S. McDuffie, Jr., MD," Michael P. Sherman, MD,’ and Ronald S. Gibbs, MD* 


` Denver, Colorado, and Los Angeles, California 


OBJECTIVE: The objective of this study was to determine whether the cytokines tumor necrosis factor-a, 
interleukin-1a, and interleukin-18 we-e produced ‘in the amniotic fluid of the rabbit after intracervical 


inoculation with Escherichia coll. 


STUDY DESIGN: Timed pregnant rabbits on day 21 (70% of gestation) were inoculated with a 
hysteroscope intracervically with 10* to 10° colony-forming units Escherichia coli or sterile saline solution. 
Escherichia coli-inoculated animals {N = 16) were put to death at 4, &, 12, and 16 hours after 
inoculation. Control animals (N = 6) were put to death at similar intervals. At ceath, cultures were taken 
from endometrium, amniotic fluid, peritoneum, and blood. Amniotic fluid was collected and assayed for 
tumor necrosis factor bioactivity by = modified fibroblast cytotoxic assay in L929 cells, for interleukin-1a, 
and interleukin-1B with a specific racioimmunoassay, and for prostaglandin E, and prostaglandin Fa, by 


radioimmunoassay. 


RESULTS: Levels of amniotic fluid tumor necrosis factor-a, interleukin-1a, and interleukin- ABV were 
elevated as early as 4 hours after inoculation in some animals and by 12 to 16 hours after inoculation in 
all. Levels of all three cytokines correlated significantly with time from intracervical inoculation with 
Escherichia coli (p < 0.05). Levels of amniotic fluid prostaglandin E, and prostaglandin F,,, correlated 
significantly with time from intracervical inoculation with Escherichia coli {p < 0.05). 

CONCLUSIONS: Levels of tumor necrosis factor-a, interleukin-1a, interleukin-1B, prostaglandin E, and 
prostaglandin F,, are elevated in the amniotic fluid of rabbits after intracervical inoculation with 
Escherichia coli. Similarity exists between elevations of amniotic fluid cytokines in this model and in cases 
of intraamniotic infection and preterm labor unresponsive to tocolytics in humans. Modulation of cytokines 
may offer a strategy for improvement of outcome in this experimental model of infection-induced 


pregnancy loss. (Am J Oastet Gynecot 1992;167:1583-8.) 


Key words: Cytokines, animal model, rabbit, tumor necrosis factor-a, interleukin-la, 


interleukin-1B, pregnancy, infection | 


Complications of preterm birth account for the ma- 
jority of neonatal morbidity and mortality. Clinically 
evident intraamniotic infection leads to preterm birth in 
humans, and subclinical infectior may result in preterm 
labor. The response to intraamniotic infection in hu- 
mans is mediated in part by cytokines. These inflam- 
matory mediators, including tumor necrosis factor-a 
(TNF-a), interleukin-1la@ (IL-la), and interleukin-18 (IL- 
18), are elevated in the amniotic fluid of patients with 
intraamniotic infection and with preterm labor unre- 
sponsive to tocolytics.” * These cytokines lead to pro- 
duction of prostaglandins, which, in turn, may result in 
preterm labor.** 
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In previous experiments, we have demonstrated that 
intrauterine inoculation of Escherichia coli or Fusobacte- 
rium necrophorum into pregnant uterine horns of rabbits 
on day 21 of a 30- to 31-day gestation results in clinical, 
microbiologic, and histologic evidence of infection and 
fetal death, with or without delivery.’ Further, we have 
shown that intervention with an antibiotic at or before 
the time of inoculation results in improved pregnancy 
outcome.'° The objective of the current study is ‘to 
determine whether the cytokines TNF-a, IL-la, and 
IL-1B are produced in the amniotic fluid of the rabbit 
after intracervical inoculation with E. coli. Manipulation 
of cytokines by receptor antagonists or blockade of 
production of cytokines offer the potential as an ad- 
junctive treatment in infection-induced preterm labor. 


Material and methods 


This protocol was approved by the Animal Use and 
Care Committee of the University of Colorado Health. 
Sciences Center. . 

Twenty-two pregnant rabbits (4.0 to 5.0 kg) on day 
21 (70%) of gestation were used. The general method 
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used has been previously described." - Briefly, an- 
imals were anesthetized with intramuscular xylazine 
(5 mg/kg) and ketamine (20 mg/kg). After external 
preparation with povidone-iodine, a hysteroscope 
(Storz 27027B, Karl Storz, Endcscopy America Inc., 
Culver City, Calif.) was inserted into the cervix, and a 
sterile polyethylene cannula was advanced into the 
cervix under direct visualization. A bacterial inoculum 
of 10° to 10° colony-forming units (cfu) of E. coli was 
injected bilaterally into each cervix. In control animals 
a sterile saline solution inoculum of identical volume 
(0.2 ml) was given. E. coli-inoculaced animals were put 
to death at 4 (n = 3), 8 (n = 5), 12 (n = 3), and 16 
hours (n= 5), Control animals were put to death at 
4 (n = 1), 8 (n = 2), and 16 hours (n = 3). We chose 
these times on the basis of previous work that demon- 
strated outcomes of fetal death or delivery occurring zs 
early as 20 hours after inoculation with E. coli. Rectal 
temperature was recorded at the time of inoculation 
and at death. ~ 

| At death cultures were taken from endometrium, 
amniotic fluid, peritoneum, and blood, plated onto 
MacConkey and 5% sheep blood agar, and inoculated 
into thioglycollate broth. For each animal amniotic 
fluid was aspirated from multiple sacs, pooled, centri- 
fuged, and stored at — 70° C until assayed. Pooling of 
amniotic fluid was chosen to increase the amount fcr 
analysis. 

` Tumor necrosis factor bioactivity was quantified by a 
modified fibroblast cytotoxic assay with actinomycin 
D-treated L929 cells.’ '? Units of tumor necrosis factcr 
activity were defined by an internal standard of human 
recombinant TNF-a (Upstate Biotechnology, Inc., Lake 
Placid, N.Y.). Specificity of the cell lysis for tumer 
necrosis factor was confirmed by addition of rabb:t 
antihuman tumor necrosis factor antibody (a gift of Dr. 
James Econumo), which neutralized tumor necrosis 
factor bioactivity. The lower limit of sensitivity for this 
assay was 10 U/ml of tumor necrosis factor. IL-la and 
IL-18 were quantified with a specific radioimmunoassay 
(Cytokine Sciences, Boston), which has a sensitivity of 
100 pg/ml for each. Addition of rabbit TNF-a, IL-le, 
and IL-18 to normal rabbit amniotic fluid for analysis 
was not performed. Further, prostaglandin E (PGE,) 
and prostaglandin Fo, (PGF»,) were measured in all 
amniotic fluids by radioimmunoassay (MJ Harper, San 
Antonio) as before.'® 

Categoric data were analyzed by Fisher’s exact tesz, 

because expected cell size was less than five. Levels cf 
amniotic fluid cytokines and prostaglandins were cor- 
related with time from inoculation with curvilinear re- 
gression analysis with control animals as time zero. A 
value of p < 0.05 was used as the definition of signif- 
cance. 
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Results 


None of the control animals had fever. None of three 
E. colt—inoculated animals put to death at 4 hours had 
fever. Two of five (40%) animals killed at 8 hours, two of 
three animals killed at 12 hours, and four of five (80%) 
animals killed at 16 hours developed fever. 

Cultures were negative at all sites in control animals. 
Endometrial cultures were positive in the decidua of all 
16 E. coli—inoculated animals. Amniotic fluid cultures 
were positive in one of three (33%) animals killed at 4 
hours, four of five (80%) at 8 hours, three of three 
(100%) at 12 hours, and four of five (80%) at 16 hours. 
Peritoneal cultures were positive in two of five E. coli— 
inoculated animals (40%) killed at 16 hours after inoc- 
ulation. Blood cultures werz positive in none of three 
animals killed at 4 hours, in two of five animals (40%) at 
8 hours, three of three (100%) at 12 hours, and four of 
five (80%) at 16 hours. 

Levels of amniotic fluid TNF-a, IL-la, and IL-18 
related to time from inoculation are represented in 
Figures ] through 3. None of the six control animals 
had detectable levels of TN2-a, IL-la, or IL-18. Amni- 
otic fluid levels of all three cytokines correlated signif- 
icantly with time from intracervical inoculation with 
E. coli (TNF-a: r = 0.44, p < 0.05; IL-la: r = 0.56, 
p < 0,005; IL-18: r = 0.68, p < 0.005). In Figs. 4 and 
5 levels of amniotic fluid PGE, and PGF,,, correlated 
significantly with time from moculation (r = 0.55, 
p < 0.005 and r = 0.69, p < 0.005, respectively). 


Comment 


These studies demonstraie that TNF-a, [L-la, and 
IL-1B are present in the amniotic fluid of rabbits after 
intracervical inoculation with Æ. colt and confirm cyto- 
kine activation after microbiologic colonization of the 
decidua. Further, over the time period studied levels of 
each of these cytokines increased significantly. Levels of 
TNF-a, IL-la, and IL-18, and PGE, and PGF,, were 
detectable as early as 4 hours after intracervical inocu- 
lation with E. coli and were detectable by 12 to 16 hours 
after inoculation in all animals. Previous work with this 
rabbit model had demonstrated rapid, reproducible 
pregnancy loss when rabbits at 70% gestation were 
inoculated hysteroscopically with either E. coli or 
F. necrophorum. In the current study we chose times in 
which we could measure cytokines cross-sectionally be- 
fore fetal death, maternal death, or delivery. The as- 
cending spread of infection was confirmed again in this 
model, because amniotic fluid cultures and blood cul- 
tures were positive with increasing frequency over time 
after intracervical inoculation. 

One animal that was put to death at 4 hours had high 
concentrations of PGE, and PGF,, associated with low 
concentrations of TNF-a, IL-la, and IL-18. The source 
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Fig. 1. Amniotic fluid TNF-a related to time from inoculation with E. coli (r = 0.44, p < 0.05). 
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Fig. 2. Amniotic fluid IL-la related to time from inoculation with Æ. coli (r = 0.56, p < 0.005). 


“and timing of production of prostaglandins and cyto- 
kines were not addressed in these cross-sectional data. 
Therefore we cannot explain in zhis animal whether (1) 
the generation of cytokines occurred before prostaglan- 
din and both diffused across membranes at similar 
times or (2) prostaglandin production may have oc- 
curred first. 


TNF-a, IL-la, and IL-18 are produced predomi- 
nantly from the monocyte-macrophage system, espe- 
cially in response to lipopolysaccharide.'* The source of 
production may include the decidua, membranes, or 
placenta.'*'’ These cytokines are important in that they 
stimulate the formation of prostaglandins in vitro and 
may be a part of the cascade of parturition. In addition, 
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Fig. 3. Amniotic fluid IL-18 related to time from inoculation with E. coli (r = 0.58, p < 0.005). 
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Fig. 4. Amniotic fluic PGE, related to time from inoculation with Æ. coli (r = 0.55, p < 0.005). 


subcutaneous administration of interleukin-1 has prc- 
duced preterm parturition in mice.'* [L-la and TNF-2 
have been demonstrated to cause placental injury in the 
rat,'° and lipopolysaccharide has induced fetal resorp- 
tion in mice in association with production of TNF-a.** 

Because elevated levels of these cytokines have been 
demonstrated in cases of intraamniotic infection and 
preterm labor,’ it is possible that manipulation of the 
immune system either to reduce production of these 


cytokines or to block their effects may have potential as 
a strategy for therapy of clinical intraamniotic infection 
or preterm labor. In humans 19% to 74% of cases of 
preterm delivery are associated with histologic evidence 
of infection.” Nevertheless, elevated levels of cytokines 
can be demonstrated in cases of preterm labor unre- 
sponsive to tocolysis in which amniotic fluid cultures are 
negative.” The relevance of this rabbit model is that 
TNF-a, [L-la, and IL-18 produced in response to 
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Fig. 5. Amniotic fluid PGF, (PGFM) related to time from inoculation with E. coii (r = 0.69, 


b < 0.005). 


ascending infection are identical to cytokines demon- 
strated in cases of intraamniotic infection in humans. 
Because our model demonstrates an ascending route of 
spread, is reproducible, and is less costly than primate 
models, we believe it holds promise to demonstrate the 
mechanisms of cytokines in intraamniotic infection. 

In conclusion, we have demorstrated that, after in- 
tracervical inoculation of rabbits with F. coli, levels of 
amniotic fluid TNF-a, [L-la, and IL-18 are elevated as 
soon as 4 hours after inoculation and by 12 to 16 hours 
after inoculation. This rapidly ascending infection 
causes elevations of cytokines and prostaglandins that 
mimic the human condition. This model holds promise 
for exploration of the role of agents to reduce cytokine 
production or to block cytokine action in this experi- 
mental model of intraamniotic infection. 


We thank Caleb Awoniyi, PhD, Ernesto Aeberhard, 
MD, PhD, and Sandra Blanton, MS, for technical assis- 
tance in this project and MJ Harper, PhD, for perfor- 
mance of prostaglandin assays. 


REFERENCES 


1, Romero R, Manogue KR, Mitchell MD, et al. Infection and 
labor. IV. Gachectin-tumor necrosis factor in the amniotic 
fluid of women with intraamniotic infection and preterm 
labor. Am J] Ossrzr Gynecon 1989;161:336-41, 

2. Taniguchi T, Matsuzaki N, Kameda T, et al. The enhanced 
production of placental interle_kin-1 during labor and 
intrauterine infection. AM J Oerter GynecoL 1991;165: 
131-7. 

3. Romero R, Brody DT, Oyarzun E, et al. Infection and 
labor. III. Interleukin-1: a signal for the onset of parturi- 
tion. Am J Osstet Gynecol 1989:160:1117-23. 


6. 


10. 


11. 


12. 


13. 


14. 


. Casey ML, Cox SM, Beutler B, Milewich L, MacDonald 


PC. Cachectin/tumor necrosis factor-alpha formation in 
human decidua. Potential role of cytokines in infection- 
induced preterm labor. J Clin Invest 1989;83:430-6. 


. Lundin-Schiller S, Mitchell MD. Prostaglandin production 


by human chorion laeve cells in response to inflammatory 
mediators. Placenta 1991;12:353-63. 

Romero R, Durum S, Dinarello CA, Oyarzun E, Hobbins 
JC, Mitchell MD. Interleukin-1 stimulates prostaglandin 
biosynthesis by human amnion. Prostaglandins 1989;37: 
13-22. 


. Mitchell MD, Edwin S, Romero RJ. Prostaglandin biosyn- 


thesis by human decidual cells: effects of inflammatory 
mediators. Prostaglandins Leukot Essent Fatty Acids 1990; 
41:35-8. 


. Romero R, Mazor M, Wu YK, Avila C, Oyarzun E, Mitchell 


MD. Bacterial endotoxin and tumor necrosis factor stim- 
ulate prostaglandin production by human decidua. Pros- 
taglandins Leukot Essent Fatty Acids 1989;37:183-6. 


. Dombroski RA, Woodard DS, Harper MJ, Gibbs RS. A 


rabbit model for bacteria-induced preterm pregnancy loss. 
AM J Osster Gynecon 1990;163:1938-43. 

McDuffie RS, Blanton SJ, Shikes RH, Gibbs RS. A rabbit 
model for bacterially induced preterm pregnancy loss: ` 
intervention studies with ampicillin/sulbactam. Am J OB- 
STET GynecoL 1991;165:1568-74. 

Mah MP, Aeberhard EE, Gilliam MB, Sherman MP. The 
effects of pentoxifylline on in vivo leukocyte function in 
clearance of group B streptococci from preterm rabbit 
lungs. Crit Care Med [In press]. 

Strieter RM, Remick DG, Ward PA, et al. Cellular and 
molecular regulation of tumor necrosis factor-alpha pro- 
duction by pentoxifylline. Biochem Biophys Res Commun 
1988;3:1230-36. 

Gendron RL, Nestel FP, Lapp WS, Baines MG. Li- 
popolysaccharide-induced fetal resorption in mice is asso- 
ciated with the intrauterine production of tumour necrosis 
factor-alpha. J Reprod Fertil 1990;90;395-402. 

Chen HL, Yang YP, Hu XL, Yelavarthi KK, Fishback JL, 
Hunt JS. Tumor necrosis factor alpha mRNA and protein 


McDuffie, Sherman, and Gibbs 


are present in human placental and uterine cells at early 
and late stages of gestation. Am J Pathol 1991;139:327-35. 

15. Romero R, Mazor M, Manogue K, Oyarzun E, Cerami A. 
Human decidua: a source of cachectin-tumor necrosis 
factor. Eur J Obstet Gynecol Reprod Biol 1991;41:123-7. 

16. Yelavarthi KK, Chen HL, Yang YF, Cowley BD Jr, Fishback 
JL, Hunt JS. Tumor necrosis factor-alpha mRNA and 
protein in rat uterine and placental cells. | Immunol 
1991;146:3840-8. 

17. Romero R, Wu YK, Brody DT, Oyarzun E, Duff GW, 
Durum SK. Human decidua: a source of interleukin-1. 
Obstet Gynecol 1989;73:31-4. 


December 1992 
Am J Obstet Gynecol 


18. Romero R, Mazor M, Tartakovsky B. Systemic administra- 
tion of interleukin-1 induces preterm parturition in mice. 
Am J Osstet Gyneco. 1991;165:969-71. 

19. Silen ML, Firpo A, Morgello S, Lowry SF, Francus T. - 
Interleukin-1 alpha and tumor necrosis factor alpha cause 
placental injury in the rat. Am J Pathol 1989;135:239-44, 

20. Gibbs RS, Romero R, Hillier SL, Eschenbach DA, Sweet 
RL. A review of premature birth and subclinical infection. 
Am J Osster Gyneco. 1992;166:1515-28. 

21. Romero R, Mazor M, Sepulveda W, Avila C, Copeland D, 
Williams J. Tumor necrosis factor in preterm and term 
labor. AM J] Oxssrer Gynecat 1992;166:76-87. 





Association of cervicovaginal infections with increased 
vaginal fluid phospholipase A, activity 


James A. McGregor, MDCM, Janice I. French, CNM, MS, Ward Jones, MS, 
Ruth Parker, CNM, MSN, Elisa Patterson, BSN, and Deborah Draper, PhD 


Denver, Colorado 


OBJECTIVE: The purpose of this Study was to determine if phospholipase A, was detectable with n 
vaginal fluid and to correlate its presence with the presence of common lower genital tract infection or 


microbial conditions. 


STUDY DESIGN: Pregnant women were examined at the first prenatal visit with standard clinical 
evaluations and microbiologic cultures or tests. Vaginal fluid samples were evaluated for phospholipase 
A, activity by means of a standardized enzyme fluorometric assay. Data were stratified to control for 


coexisting infections. 


RESULTS: Phospholipase A, activity was detected among 29.8% of women and was independently 
associated with the presence of bacterial vaginosis {p < 0.001), Trichomonas. vaginalis {p < 0.04), and 
Chlamydia trachomatis (p < 0.02). The percentage of women with phospholipase A, activity and tne level 
of activity was increased in the presence of more than one infection. 

CONCLUSIONS: Elevated reproductive tract phospholipase A, concentrations among pregnant women 
may play roles in the pathogenesis of preterm labor and birth. Identification of pregnant women with 
increased concentrations in vaginal fluid may allow for development of effective intervention strategies to 
reduce the risk of preterm birth. (Am J Osstet Gynecol 1992:167:1588-94.) 


Key words: Phospholipase Ao, preterm labor, prematurity, vaginal infection 


Much corroborating information suggests that repro- 
ductive tract infection or inflammation is involved in 
preterm labor, preterm rupture of membranes, and birth 
in important numbers of women.’* Microorganisms 
associated with preterm labor and delivery in various 
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studies include Chlamydia trachomatis, Trichomonas vagi- 
nalis, genital mycoplasmas, and aerobic and anaerobic 
bacteria associated with bacterial vaginosis.*'* The 
pathophysiologic mechanisms through which reproduc- 
tive tract microorganisms are involved in the initiation or 
perpetuation of preterm birth continue to be of great 
interest. Similarly, identification of a means to detect 
women at increased risk of preterm delivery because of 
infection and subsequent inflammation is of compelling 
interest. . 
Cervicovaginal microorganisms produce diverse viru- 
lence factors that putatively play roles in mediating or 
predisposing to preterm labor and birth." '* '* Impor- 
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tantly, various genital tract bacteria produce enzymes 
with phospholipase Ag, activity."* °° In addition, mater- 
nal host phagocytic cells (i.e., polymorphonuclear cells 
and macrophages) also release phospholipase A, into 
the microenvironment when “act-vated” or engaged in 
phagocytosis’® Y; this may be ar additional source of 
overall phospholipase Ag, activity. . 

Phospholipase A, from fetal membrane and decidual 
sources plays well documented roles in the physiology 
of human parturition.’* ' Local release within the 
reproductive tract cleaves arachidonic acid from arachi- 
donate-rich fetal membranes.’* ° Arachidonic acid is 
the primary substrate for produc-ion of prostaglandins 
Eo and F,,, which are involved in uterine contractions 
and cervical ripening.*” ** Phospkolipase Ap—producing 
lower reproductive tract microorganisms may predis- 
pose or.cause preterm labor by erther (1) producing an 
elevated concentration of phospholipases that can dif- 
fuse into lower uterine segmen- tissues through the 
cervix or (2) passing through tke cervix directly and 
increasing intrauterine release of phospholipase Ag. 

We hypothesize that production of phospholipase A, 
by lower genital tract microorgan-sms or host responses 
to these microorganisms is associated with increased 
risk of preterm birth and may be a remediable factor 
mediating preterm birth. In ths study we measured 
vaginal fluid phospholipase A, <ctivity and correlated 
these findings with the presence cf selected genital tract 
infections or conditions previous-y associated with pre- 
term birth. Identification and treatment of phospholi- 
pase A,—associated microbial abnormalities may allow 
for improved pregnancy outcome. 


Methods 


Between January and August 1991 all women initiat- 
ing prenatal care at Denver Genzral Hospital, Denver, 
Colorado, were evaluated for selected lower genital 
microorganisms and vaginal fluid enzymes as part of an 
integrated program for the prev2ntion of prematurity. 
During the initial pelvic examnation samples were 
collected for Neisseria gonorrhoeae, C. trachomatis, T. 
vaginalis, Mycoplasma hominis, Ureaplasma urealyticum, 
bacterial vaginosis, yeasts, and vaginal fluid enzymes. 
Initially, two rayon-tipped swabs (Baxter S/PT Cul- 
turette, Baxter Healthcare, Mobraw Park, Il.) were 
placed in the posterior vaginal fornix for approximately 
90 seconds to collect vaginal fluid for determination of 
phospholipase Axs; these swabs were transported to the 
laboratory in sterile, capped polypropylene test tubes. 
An endocervical sample was co-lected with a cotton- 
tipped swab and immediately incculated onto modified 
Thayer-Martin agar (Remel, Denver) for recovery of N. 
gonorrhoeae. A separate endocervical swab was used to 
collect a specimen for C. trachomctis enzyme immunoas- 
say (Pathfinder Chlamydia EIA swab collection system, 
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Kallestad, Chaska, Minn.). A midvaginal sample of 
vaginal fluid for culture of M. hominis and U. urealyticum 
was collected with a calcium alginate swab (Fisher sterile 
swabs, Fisher Scientific, Denver) and inoculated onto an 
A-7 agar plate (Remel, Lenexa, Kan.) and into U10 
broth (Remel). Another cotton-tipped swab from the 
posterior vaginal fornix and vaginal pool was collected 
for T. vaginalis culture (InPouch TV, Biomed Diagnos- 
tics, Santa Clara, -Calif.). Final samples were collected 
with cotton-tipped swabs from the upper lateral vaginal 
sidewall and tested for pH (ColorPhast indicator strips 
pH 4.0-7.9, EM Science, Cherry Hills, N.J.), rolled onto 
a glass slide for subsequent Gram ‘stain evaluation for 
bacterial vaginosis, and then placed into a test tube 
containing approximately 500 ul of saline solution. 
This preparation was immediately examined micro- 
scopically for motile trichomonads, yeast pseudohy- 
phae, “clue” cells, and white blood cells by semiquan- 
titative assessment. A drop of this fluid was also placed 
onto a glass slide, combined with a drop of 10% potas- 
sium hydroxide, evaluated for release of amine odor, 
and examined microscopically for yeast pseudohyphae. 
Cultures for N. gonorrhoeae, T. Vaginalis, and genital 
mycoplasmas were held in a candle jar and transported 
to the laboratory within 4 hours of-collection. The U10 
broth and enzyme swabs were held at 4° C until trans- 
port to the laboratory. Samples for enzyme analysis 
were frozen at — 70° C and processed in batches weekly. 
Microbiologic techniques. Cultures for N. gonor- 
rhoeae, M. hominis, and U. urealsticum were incubated at 
35° G with 5% carbon dioxide, and organisms were 
identified with standard microbiologic procedures.” 
Specimens for identification of C. trachomatis were pro- 
cessed according to manufacturer's specifications. Cul- 
tures for T. vaginalis were examined microscopically at 
4 and 7 days for characteristic protozoan motility and 
morphologic characteristics. . 
Bacterial vaginosis was evaluated by Gram stain and 
clinical criteria.** ** Bacterial vaginosis was considered 
present when two of the following three criteria were 
found: >20% of epithelial cells were characteristic 
“clue” cells, vaginal fluid pH was 24.7, and there was 
positive release of amine odor with alkalinization of 
vaginal fluid.?* Gram stain was considered consistent 
with bacterial vaginosis when the score was 27.” 
Enzyme analysis. Samples for enzyme assay were 
thawed and eluted in 2 ml of 25 mmol/L Tris phosphate 
and 12 pmol/L Tween 80 buffer, pH 7.0, with gentle 
shaking for 15 minutes. Two 100 pl aliquots of the 
resulting wash were assayed for phospholipase A, activ- 
ity with a standardized fluorometric assay.” Porcine 
pancreas phospholipase A, (Boehringer Mannheim, 
Mannheim, Germany), diluted with Tris phospho- 
phate and Tween 80 buffer to a concentration of 
1135 mU/100 wl, was used as standards. Patient 
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Fig. 1. Prevalence of study microorganisms in test populations. 


samples and the standards were incubated in 1C0 
mmol/L Tris hydrochloride, 100 mmol/L sodium chlo- 
ride, and 6 mmol/L calcium chloride buffer, pH 7.5, 
with the fluorescent substrate. The fluorescent substrate 
'. 3-palmitoyl-2-(1-pyrenedecanoyl)-L-a-phosphatidylcho- 

_ line (Molecular Probes, Eugene, Ore.) was prepared by 
suspension in 100% ethanol (1 mg/2 ml) and stored 


under nitrogen. This suspension was diluted with buffer 


containing 50 mmol/L Tris, pH 7.5, 6 mmol/L calcium 


chloride, and 100 mmol/L sodium chloride to a final . 


concentration of 2.0 mol/L in 900 pl. Patient samples 
and phospholipase Ag standards (100 wl) were incu- 
bated at 250 revolutions/min for 1.75 hours at 37° C. 
To stop the reaction, 50 mmol/L ethylenediaminetetra- 
acetic acid (50 mmol/L Tris, pH 7.5, and 100 mmol/L 
sodium chloride) was added and samples were centri- 
fuged for 5 minutes at 2300 revalutions/min. Samples 
were read in a Perkin-Elmer MPF-66 fluorescence spez- 
trophotometer, excitation 346 nm, emission 380 nm. 
Sarople concentrations (units of activity per milligram 
of »rotein) were calculated from daily standard curves 
that were -generated with porcine pancreas phospholi- 


pase Ag. 


Data analysis. Statistical analysis was performed with | 


| SAS-PC (Cary, N.C.). The data were summarized with 
descriptive statistics. Associations between microorgan- 
isms and phospholipase A, activity were evaluated with 
the Wilcoxon rank sum test for nonparametric data. 
Univariate associations were tested further with x° ard 


Fisher's exact tests. Data were stratified to control for . 


the presence of different microorganisms or bacterial 
vaginosis. 


Results 


Findings were analyzed in 588 women. Women who 
attended this publically supported clinic were predom- 


inantly of Hispanic (44%), northern European (31%), 
and African-American descent (19%); 6% were Native 
American. Most women were of low socioeconomic 
status. Fifty-three percent of women began prenatal 
care and were enrolled in this protocol before 22 weeks’ 
gestation; 29% were between 23 and 34 weeks’ gesta- 
tion, and 18% were = 34 weeks’ gestation. The presence 
of one or more study microorganisms or conditions was 
common and was ccnsistent with previous findings in- 
the same population (Fig. 1). Of note are the frequen- 
cies of U. urealyticum (89%), M. hominis (26.7%), and 
bacterial vaginosis diagnosed by clinical (32%) or Gram 
stain criteria (39%). T. vaginalis was detected among 54 
(9.5%) women by either wet preparation microscopic 
examination or culture. N. gonorrhoeae was recovered 
from only a single patient. — 

The majority of women had undetectable levels of 
phospholipase A, (70%); phospholipase A, activity 
2100 U/mg protein was detected among 20.9% of 
women, and 11.4% of women had phospholipase A, 
activity 2300 U/mg protein. Seven (1%) women had 
very high concentration (>2700 U/mg protein, Fig. 2). - 

Fig. 3 shows percentages of women with any phos- 


- pholipase Ag, activity when evaluated microorganisms or 


conditions were present or absent. Identification of 
activity in vaginal fluid was independently associated 
with the presence of bacterial vaginosis, as determined 
by either Gram stain or clinical findings (p < 0.001). 
Correspondingly, as the Grém stain score increased the 
prevalence of phospholipase A, ‘activity also increased 
(p < 0.001) (Fig. 3). 

Identification of C. trachomatis endocervical infection 
and T. vaginalis infestation were also independently 
associated with increased prevalence of phospholipase 
Ag activity (p < 0.02 and p < 0.04, respectively). 

Increased prevalence of phospholipase A, occurred 
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Fig. 2.* Number of subjects with differing levels of phospholipase A, (PLA3) activity. 
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among women with bacterial vaginosis, C. trachomatis, or . 


T. vaginalis whether phospholipase A, was evaluated as 
any enzyme activity present, 2100 or =300 U/mg 
protein. Infection with more‘than one of these micro- 
organisms or conditions occurred among 34 (7.6%) 
women. Presence of multiple infections increased fur- 
ther the percentage of women with phospholipase A, 
activity (Fig. 3). Although relacively few women were 


multiply infected with C. trachomatis and T. vaginalis 
(n = 7) or T. vaginalis and bacterial vaginosis (n = 12), 
these women most frequently had positive results for 
phospholipase A,: 86% positive (p < 0.05) in those 
with chlamydia and trichomoniasis versus 42.9% for T. 
vaginalis or 47.4% for C. trachomatis infection alone. In 


_ addition, when present, the level of phospholipase A, 


activity was higher in the presence of multiple infections 
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Fig. 4. Vaginal fluid phospholipase Ay (PLA) activity associated with single or combined infections 


or bacterial vaginosis. BV Bacterial vaginosis; 


as compared with the level of activity when only a single 
vaginal infection was present or none of these three 
vaginal infections were present (Fig. 4). 

Phospholipase A, activity was not statistically associ- 
ated with the presence ‘of yeast psu.edohyphae, elevated 
levels of vaginal fluid white blood cells (more than three 
per high-power field), or M. hominis. Only among 
women with trichomoniasis alone were findings of in- 
creased vaginal fluid white blood cells significantly as- 
sociated with an increased prevalence of phospholipase 
Ay (p < 0.05). Vaginal fluid phospholipase A, activity 
did not vary by gestational age at sampling, individually 
or when controlled for the presence of microorganisms. 

Fully 56.7% of women were free of T. vaginalis, C. 
trachomatis, and bacterial vaginosis. Sull, 23% of these 
women had some phospholipase A, activity and 15% 
had 2 100 U of phospholipase A, activity. This suggests 
that nonevaluated cervicovaginal microflora or host 
cells contribute to the presence of phospholipase Ag 
activity within the lower genital tract. 


Comment 

In this study we demonstrated that differing concen- 
trations of phospholipase A, could be detected in vag- 
inal fluid from many pregnant women; assays appeared 
reliable and suitable for multiple sampling.” The pres- 
ence of bacterial vaginosis, T. vaginalis, and C. trachon- 
atis were independently associated with increased prev- 
alence and concentration of phospholipase Ag. 

Evaluation of Gram stain results showed increasirg 


CT, C. trachomatis; TV, T. vaginalis. 


prevalence of phospholipase A, activity with increased 
evidence of vaginal microecologic abnormalities (bacte- 
rial vaginosis) as determined by Gram stain (i.e., ab- 
sence of Lactobacillus spp., the increasing presence of 
Prevotella spp., G. vaginalis, and Mobiluncus spp. morpho- 
types). Study women with combinations of both bacte- 


rial vaginosis and trichomoriasis or trichomoniasis and 


chlamydial infection also hed an increased prevalence 
of phospholipase A, activity, suggesting an additive or 
other synergistic effect of combined infections. 

Although these findings suggest both inoculum and 
possibly additive effects, this study does not specifically 
identify sources of vaginal fluid phospholipase As activ- 
ity. Within complex microznvironments such as the 
vagina, multiple sources of phospholipase A, and per- 
haps antiphospholipases are likely. 

Although there are multiple studies that demonstrate 
the ability of different microorganisms to produce 
phospholipase A», only two prior studies have surveyed 
the abilities of lower genital microflora to demonstrate 
phospholipase A, activity in vitro.* '* 7° ?7 Bejar et al.“ 
examined isolates obtained from newborns with sepsis 
isolates that presumably originate in the birth canal. 
Phospholipase A, activity at some level was demon- 
strated in nearly all isolates. Subsequently, McGregor et 
al..* evaluated 200 bacterial isolates from pregnant 
women with preterm labor or premature rupture of 
membranes. This study demonstrated (1) marked het- 
erogeneity (i.e., only a portion of isolates of the same 
species demonstrated phospholipase Ag activity) and (2) 
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specific phospholipase A, enzymatic substrate affinities. 
Both these studies showed that many cervicovaginal 
bacteria can demonstrate phospholipase Ag, activity; 
these include many aerobic (G. vaginalis, etc.) and 
anaerobic bacteria (Prevotella biwius, Bacteroides fragilis, 
Peptococcus spp.) associated with >acterial vaginosis.** °° 
Other studies demonstrate that U. urealyticum produces 
phospholipase A in vitro. Lamont et al’ * and 
Bennett et al.” have demonstrated, in general, dose- 
related release of arachidonic ecid and prostaglandin 
Eo from amnion cell monolayer cultures stimulated with 
cell-free culture media from bacterial culture of a wide 
variety of microorganisms associated wtih preterm labor 
and birth. No study has yet specifically evaluated phos- 
pholipase A, activity in isolates of C. trachomatis or T. 
vaginalis. Similarly, no studies lave yet identified spe- 
cific sources of bacterial or host production of phospho- 
lipase Ag in vivo. 

That sources other than C. trachomatis and T. vaginalis 
produced the phospholipase A, noted in this study 
seems likely. T. vaginalis infection has been shown to be 
associated with increased numbers of varied vaginal 
bacteria, which may produce phospholipase Ay.** Infec- 
tion with either C. trachomatis oc T. vaginalis or other 
agents is likely associated with local cervicovaginal in- 
flammation with release of inflammatory cell phospho- 
lipase A, enzymes. Indeed, increased numbers of vagi- 
nal fluid white blood cells were associated with phospho- 
lipase Ag activity only in the presence of T. vaginalis. As 
noted, many microorganisms associated with bacterial 
vaginosis, including Bacteroides or Prevotella spp., G. vagi- 
nalis, and genital mycoplasmas produce phospholipase 
A?,'* '° The comparatively heightened numbers of such 
microorganisms present in bactzrial vaginosis is likely 
important in accounting for local enzymatic activity. Also 
of interest, important numbers of women with each of 
these infections did not have detectable levels of vaginal 
fluid phospholipase Ay. Whether this reflects the hetero- 
geneity of bacterial phospholipase A, production as 
noted or complex interaction with host defense mecha- 
nisms, i.e., phospholipase inhikitors, requires further 
study. 

Although this study does not evaluate pregnancy 
outcomes in women with phospholipase Ag activity, 
prior studies do show increased risks of preterm labor 
and birth in women with C. trachomatis and T. vaginalis 
infection and bacterial vaginosis or associated microor- 
ganisms, especially Bacteroid or Prevotella spp. or P. 
bivius.*’? That sources of potentially damaging enzymes 
within the lower reproductive tract may impair preg- 
nancy outcome is strongly supported by the observa- 
tions that women with increased concentrations of vag- 
inal wash nonspecific protease activity are at height- 
ened risk for premature rupture of membranes.’ 

Recently, Bennett and Elder showed that four lab- 
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oratory stock strains of genital bacteria were unable to 
metabolize arachidonic acid into eicosanoids. They con- 
clude that bacteria cannot initiate labor by direct syn- 
thesis of eicosanoids. If shown correctly, these findings 
suggest that reproductive tract microbe—associated 
sources of phospholipase Ag may be key pathologic 
sources of arachidonic acid that can be converted to 
labor-associated eicosanoids by maternal tissue. Identi- 
fication and treatment of heightened vaginal phospho- 
lipase Ag activity or associated genital infection may 
reduce nonphysiologic sources of phospholipase A, 
during pregnancy and allow for improved pregnancy 
outcome. 

Demonstration of phospholipase A, activity in the 
vaginal fluid of women with common lower genital tract 
infections that have been previously linked to preterm 
labor and birth offers insight into possible physiologic 
mechanisms by which infections may lead to increased 
risk of preterm labor. Evaluation of the effects of 
treatment of these conditions on the presence of such 
putative virulence factors as phospholipase A, and 
determination of any subsequent reduction in risks of 
pretrem birth requires urgent study. 
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Transfer of Timentin (ticarcillin and clavulanic acid) across 
the in vitro perfused human placenta: Comparison with 


other agents 
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OBJECTIVES: In vitro perfusion of human placentas was used to quantify the net placental transfer of 


ticarcillin and clavulanic acid. 


STUDY DESIGN: Piacentas were obtained from uncomplicated pregnancies at term. The maternal and 
fetal circulations were reestablished at flow rates of 17.5 ml/min and 5 ml/min, respectively. Open 
circulations were used to evaluate steady-state pharmacodynamics and transplacental gradient formation. 
Drug levels were measured by high-pressure liquid chromatography. 

RESULTS: The clearance index of ticarcillin was 0.037 + 0.004. The fetal/maternal ratio was 0.91. 
Therapeutic concentrations of clavulanate (2 to 6 pg/ml} in the maternal media resulted in undetectable 
transfer to the fetal compartment. By using higher levels of clavulanate, a clearance index of 

0.061 + 0.001 (mean + SEM) and 1:1 fetal/maternal gradient was obtained. 

CONCLUSIONS: These data correspond to relatively low transfer of ticarcillin with a cord/maternal ratio of 
<1. Clavulanate transfer is slightly greater. Agents with similar acitvity and superior transfer would 
optimize intrauterine treatment. (Am J Osster GynecoL 1992;167:1595-9.) 


Key words: Placenta, ticarcillin, clavulanic acid 


The placental transfer of drugs is of great practical 
interest to the clinician. Unfortunately, because of eth- 
ical and safety concerns for the mother and fetus, 
research in this area has lagged far behind clinical use. 
It is known that the chemical structure of some drugs 
promotes superior placental transfer compared with 
other drugs used for the same clinical purpose.” ” 
Timentin is of interest with respect to placental trans- 
port because of the relatively low molecular weights of 
its components ticarcillin (molecular weight 428.4) and 
clavulanate (molecular weight 236.3). In addition, the 
level of protein binding of these compounds (45% for 
ticarcillin and 9% for clavulanate) should favorably 
impact placental transfer. 

Timentin is a parenteral antibacterial combination 
consisting of ticarcillin disodium, a semisynthetic peni- 
cillin derivative with an expanded antimicrobial spec- 
trum, and clavulanate potassium, a B-lactamase inhibi- 
tor structurally related to the penicillins. Clavulanate 
possess the ability to inactivate a wide variety of B- 
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lactamases by blocking the active site of these enzymes, 
thereby increasing the spectrum of activity of the ac- 
companying B-lactamase—sensitive antibiotic. This ther- 
apuetic combination is of interest to those treating 
mixed infections because of a broad antibacterial spec- 
trum, which permits its use as single-agent therapy. 
Timentin is widely used for single-agent therapy of 
pelvic infections. As perinatologists become more inter- 
ested in the treatment of both the fetus in utero and the 
intrauterine environment, knowledge of the placental 
transfer of drugs increases dramatically in importance. 
The combination of low molecular weights, low protein 
binding, and broad-spectrum antibacterial activity 
make Timentin a prime candidate for the drug of 
choice to treat the intrauterine environment. For these 
reasons we chose to investigate the placental transfer of 
Timentin with the in vitro perfused human placenta 
model. 


Material and methods 


We measured ticarcillin and clavulanate levels by 
reverse-phase, high-pressure liquid chromatography as 
previously described.’ Ticarcillin was measured after 
acetonitrile dichloromethane phase extraction. The 
mobile phase was 3.5% methanol in 0.1 mol/L sodium 
phosphate at pH 6.1. A 30 cm p-Bondapak C,, column 
with a flow rate of 1.5 ml/min was used. Peaks were 
measured on a 481-variable-wavelength detector set at 
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229 wm with a sensitivity of 0.05 absorbance units. 
Clavulanate was quantified with high-pressure liquid 
chromatography after preparation of the imidazole de- 
‘rivative as previously described,* and passage through a 
Cy, ‘Sep-pak cartridge eluted with 2.0 ml of 50% 
methanol/water. The mobile phase was 250 ml metha- 
nol in 750 ml 0.05 mol/L sodium phosphate buffer, 
pH 2.8. A Cig w-Bondapak column with a flow rate of 
2.0 ml/min was used. A 481-variable-wavelength detec- 
tor was set at 313 ym with a sensitivity of 0.1 absor- 
bance units. All high-pressure liqu:d chromatography 
equipment was manufactured by Waters Associates, Mil- 
ford, Mass. 

In vitro perfusions were performed with a modifica- 
tion of the methad previously descrized by Schneider et 
al.° We obtained placentas after vaginal or cesarean 
delivery of uncomplicated pregnancies at term. Each 
placenta was transported to the laboratory in a bath of 
physiologic saline solution. A suitable nontraumatized 
lobule was identified, and the artery was cannulated 
with an umbilical vessel catheter and flushed with hep- 
arinized perfusate. The corresponding vein was simi- 
larly identified and cannulated, and the fetal circulation 
was begun at a flow rate of 5 ml/min at a pressure of 40 
to 60 mm Hg. The maternal circulation was reestab- 
lished at a flow rate of 17.5 ml/min by placing micropi- 
pettes into the intervillous space. Each experiment was 
preceded by a 45-minute perfusion period to metabol- 
ically stabilize the placenta and to remove any retained 
blood. 

Eagle’s minimum essential medium with Earle’s salts, 
glutamine, 3 gm/dl bovine serum albumin, and 1 U/ml! 
heparin made up the basic perfusate. The perfusate was 
equilibrated against molecular oxyzen/carbon dioxide 
95%:5%, and the pH was maintained at pH 7.4 + 0.10. 

Antipyrine 0.1 mg/ml in the maternal circuit was used 
as a reference molecule and measured by adding trace 
amounts of N-methyl carbon 14-labeled antipyrine. 
Inulin 0.2 mg/ml was added to the fetal circuit to 
document capillary integrity. Experiments showing sig- 
nificant inulin transfer to the maternal side were ex- 
cluded. The study compounds ticarcillin and clavulan- 
ate were added to the media in known and appropiate 
quantities. Circulations were opened to fraction collec- 
tors, and medium made a single pass across the pla- 
centa. 

Inulin was measured colorimetrically.° Radioactivity 
was measured with a liquid scintillation counter (LKB 
Instruments Inc., Gaithersburg, Md.). 

Tc describe the steady-state diffusional transfer in the 
placenta, the transport fraction (Ty) is a commonly 
used parameter. It was defined as: 


Tr = Cry — Cra/Cma ~ Cra 


where C = concentration, M = maternal perfusate, 
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F = fetal perfusate, A = artery, and V = vein. In our 
steady-state experiments the fetal artery contains none 
of the test substance, and therefore this equation 
becomes: 


Tr = Cp/Cya: 


We used transport fraction to derive the clearance of 
the compounds studied in an attempt to standardize 
this data with respect to flow rates. The equation for 
clearance was: 


CL = T; XQ, 


where Q = flow rate in the recipient circuit. To correct 
for experimental variables, clearance of the test com- 
pound was compared with clearance of antipyrine. An- 
tipyrine was selected as the reference. molecule because 
of its rapid rate of diffusion, minimal protein binding, 
and negligible metabolism. This ratio defines the clear- 
ance index (Ci) of the test ccmpound as: 
. _ Clearance of test compound 


i= a 
Clearance bf antipyrine 


Data were compared by using analysis of variance 


. with Bonferroni correction. Statistical significance was 


defined as p < 0.05. The Bonferroni p value corrects 
for multiple comparisons anc. allows cross comparisons 
of groups with the sample. 


Results 
With an open circulation on both sides of the pla- 


' centa, steady-state transfer was investigated. Clavulan- 


ate was added to the maternal media in therapeutic 
concentrations. In four experiments with this concen- 
tration (2 to 6 pg/ml) clavulanate transfer to the fetal 
compartment could not be documented. The sensitivity 
for our clavulanate assay was 0.1 pg/ml (intraassay 
recovery and reproducibility > 90%). Measurable clavu- 
lanate transfer was obtained when five times the thera- 
peutic concentration was used (Table I). The clearance 
index (mean + SEM) obtained for clavulanate was 
0.061 + 0.005. 

Ticarcillin was added to the maternal circulation over 
a range of therapeutic concentrations (10.7 to 94 
ug/ml). There was no difference between the highest 
and the lowest concentratior. used with respect to the 
clearance index obtained (Table II). The clearance 
index of ticarcillin was 0.037 + 0.004 (mean + SEM). 

To investigate gradient formation across the pla- 
centa, equal concentrations of either clavulanate or 
ticarcillin were placed in the maternal and fetal com- 
partments. These data are expressed in Figs. 1 and 2, 
which represent three gradient experiments done for 
each drug. Lower concentrations of ticarcillin were seen 
in the fetal compartment in these studies, suggesting 
net transfer of ticarcillin to the maternal circuit. Clavu- 
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Fig. 1. An open-open perfusion system with equal concentrations of ticarcillin in both maternal and 
fetal media was used to demonstrate transplacental gradient formation. 


Table I. Clavulanate clearance experiments 
with five times therapeutic concentrations 





Clavulanate clearance (5 xX) 







Clearance 
index 






l 10.4 0.023 0.076 

2 11.8 0.13 0.07 

3 10.7 0.023 0.043 

4 13 0.023 0.055 
Mean Ci + SEM 0.061 + 0.005 


laniate, in contrast, maintained a 1:1 maternal/fetal 
gradient in all experiments. 

A comparison of Timentin clearance with that of 
other drugs studied is presented in Table II. The 
ticarcillin clearance is very similar to that of cefopera- 
zone. Ticarcillin transfer is significantly less than that of 
ceftizoxime and sulbactam, and less than clavulanate, 
although not significantly so. Clavulanate clearance is 
significantly less than that of ceftizoxime, but not sig- 
nificantly different from the other drugs studied. 


Comment 


These data further support our previous finding that 
significant differences exist in the placental transfer of 
drugs and that these differences may be important to 
consider when choosing therapeutic agents in preg- 
nancy. In vitro perfusion of the human placenta has 
been shown to approximate the in vivo situation. ™ * ° In 
vivo studies by Mayberry et al.'° document mean ma- 
ternal blood levels of ticarcillin to be 85.3 pg/ml and 


Table II. Ticarcillin clearance experiments 
with therapeutic concentrations 






Ticarcillin clearance 






Maternal 
concentration | Transport Clearance 


index 


Experiment 
No. 





l 51.7 0.018 0.04 

2 62 0.005 0.02 

3 81.3 0.024 0.045 

4 10.7 0.023 0.039 

5 94 0.017 0.039 
Mean Ci + SEM 0.037 + 0.004 


corresponding cord levels 54.8 pg/ml, a cord/maternal 
ratio of 0.64. Because many of their. patients were 
treated with single bolus injections of ticarcillin, these 
results are not discordant with the steady-state ticarcil- 
lin gradient of ~0.90 generated in our experiments. 
Clavulanate achieved a 1:1 gradient in our in vitro 
studies and a 1:0.81 gradient in the study of Mayberry 
ei al. The lack of detection of clavulanate transfer at 
therapeutic levels is probably the result of the sensitivity 
of the assay and not an actual lack of transfer. The 
increased concentration of clavulanate needed to doc- 
ument transfer most likely still has applicability to the 
clinical situation. Increased concentration of the drug 
should not affect the clearance index obtained unless 
either carrier-mediated or active-transfer processes 
were involved. This is unlikely. 

Studies of hydrophilic compounds have shown that 
their net flux across the human placenta is inversely 
proportional to their molecular weight. The transfer of 
these compounds seems to be limited by the free 
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Fig. 2. An open-open perfusion system with equal concentrations of clavulanate in both maternal 
and fetal medium was used to demonstrate transplacental gradient formation. 


Table IJI. Comparison of placental transfers with analysis of variance 


Clearance index of ticarcillin/clavulanate vs other drugs 


Mean + SEM 0.126 + 0.016 0.036 + 0.002 0.072 + 0.004 0.037 + 0.004 0.061 + 0.005 0.373 + 0.03 
Results by analysis of variance (excluding azidothymidine) 

Ceftizoxime <0.0001/<0.001 0.0014/<0.05 <0.0001/<0.001 0.001/0.05 

Cefoperazone | 0.9133/NS NS/NS NS/NS 

Sulbactam 0.015/NS NS/NS 

Clavulanate NS/NS 


Results are expressed as p value/Bonferroni p value. NS, Not significant. 


_ diffusion of water. Little stearic hindrance is encoun- 
tered at <5000 d.° The picture becomes more complex 
when lipophilic compounds, protein binding, placental 
metabolism, and carrier-mediated transport are in- 
volved. It is interesting that ceftizoxime, which is a 
larger molecule than ticarcillin, achieves higher levels 
acress the placenta and actually has a fetal maternal 
gradient of > 1 documented in vitro and in vivo." * This 
asyrimetry of flux is difficult to explain but has been 
documented for other water-soluble compounds.’ The 
more lipophilic compounds have a greater clearance 
across the placenta, which most likely explains the verv 
high clearance index obtained for azidothymidine” " 
and may explain some of the disparities noted between 
the expected transfer given the molecular weight of the 
compounds studied. 
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Nitric oxide and prostacyclin inhibit fetal platelet 
ageregation: A response similar to that observed in adults 


Angelique F. Varela, MD, Alice Runge, ASCP; Louis J. Ignarro, PhD,’ and 


Gautam Chaudhuri, MD, PhD* ” 
Los Angeles, California 


OBJECTIVE: We evaluated the relative importance of two endothelium-derived substances, prostacyclin 
and ntiric oxide, in their ability to inhibit aggregation of fetal and maternal platelets. 

STUDY DESIGN: The effects of various concentrations of prostacyclin and S-nitroso-N-acetylpenicillamine 
(which releases nitric oxide) on platelet aggregation were studied by means of platelet-rich plasma from 
at least five to six subjects per group. Fetal blood was collected from umbilical vein at delivery. Maternal 
venous blood was collected within 4 hours of delivery. Platelet aggregation was monitored with a platelet 
aggregation profiler. Adenosine diphosphate was used as the aggregating agent. Statistical differences 
between means were evaluated with two-way analysis of variance or Student t test. 

RESULTS: Prostacyclin and S-nitroso-N-acetylpenicillamine inhibited aggregation of fetal and maternal 
platelets, but prostacyclin was more potent. Fetal platelets were more sensitive than maternal platelets to 


prostacyclin and S-nitroso-N-acetylpenicillamine. 


CONCLUSION: Prostacyclin appears to be more important in preventing agcregation of platelets in the 
feto placental circulation. (Am J Ossrer Gynecol 1992;167:1599-604.) 


Key words: Nitric oxide, endothelium-derived relaxing factor, prostacylin, platelets 


The factors controlling hemostasis in the fetus com- 
pared with the mother are not well known. Thrombotic 
episodes are not common in the fetus in spite of the 
high hematocrit and viscosity of blood in the fetus, a 
phenomenon that predisposes to thrombosis.’ Platelets 
play an important role in thrombus formation, and 
platelets of newborn infants are functionally different 
from those of adults. Platelets from newborn infants 
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have impaired aggregation in response to adenosine 
diphosphate, collagen, and thrombin when compared 
with platelets from adults.? Although this diminished 
sensitivity of platelets to aggregating agents probably 
plays a role in the reduced thrombotic episodes in the 
fetus, the possibility of increased sensitivity of the plate- 
lets to agents that inhibit platelet aggregation and that 
are released in the fetoplacental circulation must also 
be considered. 

The importance of various substances produced by 
the endothelium in preventing thrombotic episodes is 
now well known. Two such substances of importance 
are prostacyclin (PGI)? and endothelium-derived re- 
laxing factor,’ now identified as nitric oxide.” ê These 
two substances relax vascular smooth muscle and pre- 
vent platelet aggregation.** Nitric oxide, in addition, 
prevents adhesion of platelets to endothelial cells.° 
PGI"? and. nitric oxide’*'® are both produced by the 
endothelium lining the fetoplacental vessels. However, 
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their physiologic role in the fetoplacental vascular bed 
has not been completely elucidated. This study was 
therefore undertaken to elucidate the actions of PGI, 
and nitric oxide on newborn platelets, and the effects 
were compared with platelets obtained within 4 hours 
of delivery from postpartum patients. 


Material and methods 

Preparation of maternal and fetal platelet-rica 
plasma. Fetal blood was collected from the umbilical 
vein at delivery. Maternal venous blood was collected 
within 4. hours of delivery. Subjects were selected be- 
cause they had not received any medications that are 
known to affect platelet function. Blood was collected in 
plastic centrifuge tubes containing 10% buffered citrate 
anticoagulant. Platelet-rich plasma. was prepared by 
centrifuging the blood at 150g for 15 minutes at room 
temperature. The upper two thirds of the supernatart 
platelet-rich plasma was removed with a polypropylene 
pipette and kept at room temperature. Platelet-pocr 
plasma was prepared by centifuging the sample et 
15COg for 15 minutes at room temperature. Platelet 
counts were done with a Coulter counter (model ZF, 
Coulter Electronics Inc., Hialeah, Fla.). 

Platelet aggregation. The citrated platelet-rich 
plasma was diluted with platelet-poor plasma to achieve 
a count of 2 x 10° platelets per milliliter. Aggregating 
agents used were adenosine diphosphate and epineph- 
rine. Platelet aggregation was measured with a platele:- 
aggregation profiler, model PAF-4 (Bio-Data Corp., 
Hatboro, Pa.). Zero transmission was set for platelet- 
rich plasma, and 100% of transmission was adjusted 
with platelet-poor plasma. Samples were placed in ag- 
gregometer tubes and incubated while stirring (1200 
revolutions/min) for 3 minutes at 37° C. After tke 
addition of agonists, platelet aggregation responses 
were recorded for 5 minutes. Changes in light trans- 
mission at 5 minutes were used to measure platelet 
aggregation. When the antiaggregatory effects of PGI, 
or 5-nitroso-N-acetylpenicillamine, which releases nitric 
oxide, were studied, these compcunds at various con- 
certrations were added 1 minute before the addition of 
adenosine diphosphate. The concentration of adeno- 
sine diphosphate added in these studies was that which 
caused 75% aggregation of platelets in the absence of 
both PGI, and S-nitroso-N-acetylpenicillamine. In stud- 
ies that were undertaken to ‘observe if there was zn 
interaction between PGI, and S-nitroso-N-acetylpenic:l- 
lamine in inhibiting platelet aggregation, subthresho-d 
concentrations of PGI, that had minimal effects cn 
platelet aggregation (<10%) were added along with 
various concentrations of $-nitroso-N-acetylpenicl- 
lamine. After incubation of platelet-rich plasma wich 
these agents for 1 minute, adenosine diphosphate was 
added to induce aggregation. The percent inhibition of 
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aggregation was then calculated. The agents used were 
adenosine diphosphate and epinephrine obtained from 
Bio-Data Corp. (Hatboro, Pa.). PGI, was a gift from 
The Upjohn Company (Kalamazoo, Mich.), and S-ni- 
troso-N-acetylpenicillamine was synthesized and han- 
dled as described previously." Statistical analysis was 
performed with two-way analysis of variance or the 
Student ¿ test where appropriate. A p value <0.05 was 
taken to indicate significant differences between means. 


Results 

Effects of adenosine diphosphate and epinephrine 
on maternal and fetal platelets. Adenosine diphos- 
phate and epinephrine induced concentration-related 
increases in aggregation of both maternal and fetal 
platelets. The fetal platelets appeared to be less sensi- 
tive to aggregation induced by adenosine diphosphate 
at concentrations ranging from 2 to 8 pmol/L 
(p < 0.05) and by epinephrine at concentrations rang- 
ing from 100 nmol/L to 10 pmol (p < 0.05), when 
compared with maternal platelets. Both maternal and 
fetal platelets were more sensitive to aggregation in- 
duced by adenosine diphosphate when compared with 
epinpehrine. The concentration-related responses of 
maternal and fetal platelets to aggregation induced by 
adenosine diphosphate and epinephrine are illustrated 
in Figs. 1 and 2, respectively. 

PGI, and S-nitroso-N-acetylpenicillamine inhibited 
aggregation of both maternal and fetal platelets, al- 
though PGI, appeared to be much more potent in this 
respect. PGI, elicited concentration-related inhibitory 
effects on both fetal and maternal platelet aggregation 
induced by adenosine diphosphate, and the fetal plate- 
lets appeared to be more sensitive than maternal plate- 
lets only at the lowest concentration (1 nmol/L) of PGI, 
(p < 0.05). The effects of PGI, on maternal and fetal 
platelet aggegation induced by adenosine diphosphate 
are illustrated in Fig. 3. S-nitroso-N-acetylpenicillamine 
also produced concentration-related inhibition of both 
maternal and fetal platelet aggregation induced by 
adenosine diphosphate. The fetal platelets also ap- 
peared to be more sensitive than maternal platelets 
(p < 0.05) to the antiaggregatory action of S-nitroso- 
N-acetylpenicillamine at the lower concentrations (1 
and 2 pmol/L). The effects of S-nitroso-N-acetylpenicil- 
lamine on maternal and fetal platelet aggregation 
induced by adenosine diphosphate are illustrated in 
Fig. 4. 

The presence of subthreshold concentrations of PGI, 
(0.3 wmol for fetal platelets and 1 pmol for maternal! 
platelets), which by itself did not significantly inhibit 
platelet aggregation, significantly potentiated the abil- 
ity of S-nitroso-N-acetylpenicillamine to inhibit aggre- 
gation of both fetal and maternal platelets. The results 
are illustrated in Figs. 5 and 6, respectively. 
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Fig. 1. Effects of different concentrations of adenosine diphosphate (ADP) on platelet aggregation. 
Each value represents mean + SEM obtained from five subjects. Fetal platelets are less sensitive to 
adenosine diphosphate~—induced aggregation when compared with maternal platelets at concentra- 


tions ranging from 2 to 8 pmol/L (p < 0.05). 
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Fig. 2. Effects of different concentrations of epinephrine on platelet aggregation. Each value 
represents mean + SEM obtained from five subjects. Fetal platelets are less susceptible to aggregation 
induced by epinephrine when compared with maternal platelets at concentrations ranging from 100 


nmol/L to 10 pmol (p < 0.05). 


Comment 


The principal objective of this study was to elucidate 
whether PGI,!*'!? and nitric oxide,'*'® which are both 
released by the endothelial cells of the fetoplacental 
vessels, inhibit aggregation of fetal platelets. Maternal 
platelets obtained within 4 hours post partum were 
used for comparison to circumvent any possible effects 
of hormonal changes observed during pregnancy on 
platelet function. Adenosine diphosphate and epineph- 
rine were used as aggregating agents because adeno- 
sine diphosphate directly causes aggregation, '® whereas 


epinephrine causes aggregation indirectly by releasing 
adenosine diphosphate from platelets.'* S-nitroso-N- 
acetylpenicillamine was used because it releases nitric 
oxide” and is more convenient to use than authentic 
nitric oxide. 

Our results confirm that platelets of the newborn 
infant are less sensitive to aggregating agents, com- 
pared with adult platelets. Others have similarly re- 
ported that there is impaired aggregation of platelets of 
the newborn infants in response to exposure to glass 
and reduced adhesiveness of platelets to glass fibers,” 
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Fig. 3. Effects of different concentrations of PGI, in inhibiting adenosine diphcsphate—induced 
aggregation of fetal and maternal platelets. Fetal platelets were more sensitive than maternal platelets 
to PGI, at lower (1 nmol//L) concentration (p < 0.05). Each value represents mean + SEM obtained 


from five subjects. 
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Fig. 4. Effects of different concentrations of S-nitroso-N-acetylpenicillamine (SNAP) in inhibiting 
fetal and maternal platelet aggregation induced by adenosine diphosphate. Each value represents 
mean + SEM obtained from five or six subjects. Fetal platelets were more sensitive to S-nitroso-N- 
acetylpenicillamine than were maternal plate_ets at lower concentrations (1 and 2 pmol/L, p < 0.05). 


adenosine diphosphate, collagen, and thrombin? when 
compared with platelets of adults. Our observation that 
the sensitivity of fetal platelets ta aggregation induced 
by epinephrine and adenosine diphosphate was sigmf- 
icantly less when compared with that observed with 
maternal platelets suggests that the diminished sensi- 
tivity of fetal platelets to epinephrine cannot be as- 
cribed to a defective release of adenosine diphosphate 
from the fetal platelets by epinephrine. The diminished 
sensitivity of fetal platelets to aggregating agents com- 
pared with maternal platelets mav suggest a physiologic 


protective mechanism of the fetus to thrombotic epi- 
sodes. 

We further explored the possibility that fetal platelets 
may be sensitive to the actions of nitric oxide, similar to 
that observed with PGI,' ir inhibiting platelet aggrega- 
tion. This could then serve as an added physiologic pro- 
tective mechanism in preventing thrombotic episodes in 
the fetus. PGI, is the main product of arachidonic acid 
in the vascular endothelium. It is also produced by the 
human placenta.*" ** PGI, is also the most potent en- 
dogenous inhibitor of platelet aggregation yet known. It 
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Fig. 5. Effects of subthreshold concentrations of PGI, on magnitude of inhibition of aggregation of 
fetal platelets induced by different concentrations of S-nitroso-N-acetylpenicillamine (SNAP). Effects 
of S-nitroso-N-acetylpenicillamine (22 pmol/L) (p < 0.05) were potentiated by PGI,. Each value 
represents mean + SEM obtained from five or six experiments. 
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Fig. 6. Effects of subthreshold concentrations of PGI, on magnitude oz inhibition of aggregation of 
maternal platelets induced by different concentrations of S-nitroso-N-acetylpenicillamine (SNAP). 
Effects of S-nitroso-N-acetylpenicillamine were potentiated in presence of PGI, (p < 0.05). Each 
value represents mean + SEM obtained from five or six experiments. 


‘prevents thrombus formation and it also disaggregates 
platelets once they have aggregated.” Nitric oxide is a 
potent inhibitor of platelet aggregation and adhesion of 
platelets to endothelial cells.”° It also disaggregates 
platelets after they have aggregated.* The actions of 
PGI, are mediated by cyclic adenosine monophosphate 
(cAMP),”* whereas those of nitric oxide are mediated by 
cyclic guanosine monophosphate (cGMP).” * 

Both PGI, and S-nitroso-N-acetylpenicillamine inhib- 
ited aggregation of maternal and fetal platelets. Our 
results therefore indicate that both the cyclic adenosine 
monophosphate and cyclic guanosine monophosphate 
pathways are well developed in the fetal platelets, sim- 


ilar to that observed in adults. The greater sensitivity of 
fetal platelets to lower concentrations of agents that 
inhibit platelet aggregation, compared with maternal 
platelets, suggests that this action may further comple- 
ment the reduced sensitivity of fetal platelets to aggre- 
gating agents and thereby prevent thrombus formation 
in the fetus. In the presence of subthreshold concen- 
tration of added PGI, in the platelet-rich plasma, the 
action of S-nitroso-N-acetylpenicillamine in inhibiting 
both fetal and maternal platelet aggregation was poten- 
tiated, and our results are therefore similar to those of 
other workers who have reported similar potentiation of 
the action of nitric oxide by PGI, on adult platelets.* 
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Because both PGI, and nitric ox:de are released by 
fetoplacental vessels, such an interaction of the twa 
substances may be important in inhibiting platelet ag- 
gregation in the fetal circulation. - 

PGI, seems to be more potent in inhibiting aggrega- 
tion of maternal and fetal platelets when compared with 
S-nilroso-N-acetylpenicillamine. Lysis of some erythro- 
cytes cannot be excluded during the preparation of 
platelet-rich plasma. This could result in the presence 
of small amounts of free hemoglobin or of haptoglobin- 
hemoglobin complex in the plasma.” The actions of 
nitric oxide are inhibited in the presence of hemoglo- 
bin,” and this may partially explain the diminished 
sensitivity of S-nitroso-N-acetylpenicillamine compared 


with PGI, in inhibiting platelet aggregation in our 


stucy. 

Nitric oxide, in contrast to PGI,, plays a major role in 
preventing adhesion of platelets to endothelial cells.° 
Clinical conditions associated with diminished releasz 
of PGI, and nitric oxide by endothelial cells of the 
fetoplacental vessels could result in increased aggrega- 
tior. of platelets and increased adhesion of platelets to 
endothelial cells. This process could lead to release of 
vasoactive substances, especially serotonin, from the 
platelets and cause further vasoconstriction and ir- 
crease in vascular resistance in the fetoplacental circu- 
lation. 


In conclusion, our results suggest that fetal platelets 


are less prone to aggregation and more sensitive to . 


agents like PGI, and nitric oxide that inhibit platelet 
aggregation, when compared with maternal platelets. 
PGi, seems to be more potent in preventing platelet 
aggregation compared with agents that release nitr-c 
oxide. These protective mechanisms may help in pre- 
venting thrombus formation in the fetus in spite of tke 
high viscosity and hematocrit, which predisposes to 
thrombus formation. | 


We thank Janis Cuevas for her technical assistance. 
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Peripheral magnesium sulfate enters the brain and 
increases the threshold for hippocampal seizures in rats 


Mordechai Hallak, MD, Robert F. Berman, PhD, Susan M. Irtenkauf, BS, 


Mark I. Evans, MD, and David B. Cotton, MD 
Detroit, Michigan 


OBJECTIVES: Our objectives were to determine whether magnesium sulfate crosses the blood-brain 


barrier and whether it has central anticonvulsant action. 


STUDY DESIGN: In experiment 1 34 female Long-Evans rats were divided into six groups: control 

(n = 7); single magnesium sulfate injection and evaluation after 20 minutes in 3 conditions: normal rats 
(n = 7), sham-operated animals (n = 5), and after electrical stimulation by hippocampal electrode 

(n = 5); single injection and evaluation after 2 hours (n = 5}; and prolonged (2 hours) serum magnesium 
elevation (n = 5). Serum, cerebrospinal fluid, and specific brain areas were analyzed for magnesium 
concentrations. In experiment 2 threshold for electrical seizure was measured in eight rats before and 
after intraperitoneal injections of magnesium sulfate versus saline solution. 

RESULTS: In experiment 1 there was a significant correlation between blood and cerebrospinal fluid 
magnesium concentrations (r = 0.80, p < 0.0001). Magnesium concentrations were increased in the 
cortex and hippocampus, with the largest changes occurring after two hours of sustained serum 
magnesium concentrations (p < 0.01). Induction of hippocampal seizure activity resulted in further 
elevations in cerebrospinal fluid magnesium concentrations but did not change brain concentrations. In 
experiment 2 magnesium sulfate increased the electrical threshold required to Induce seizures by 34% 


{p = 0.01). 


CONCLUSIONS: Magnesium sulfate enters the cerebrospinal fluid and brain and has a central 


anticonvulsant effect. (Am J Oester Gyneco. 1992;167:1605-10.) 


Key words: Magnesium sulfate, blood-brain barrier, seizures 


Magnesium sulfate is the standard agent for preven- 
tion and treatment of eclamptic convulsions in North 
America. The American College of Obstetricians and 
Gynecologists recommends its use in every woman with 
a diagnosis of preeclampsia-eclampsia during labor and 
the postpartum period.’ 

The mechanism cf action of magnesium sulfate is still 
not completely understood, and its mode of action has 
been the basis for considerable controversy.” Neurolo- 
gists have condemned the use of magnesium sulfate.** 
Donaldson* * has stated that magnesium sulfate is dan- 
gerous to mother and baby and does not treat eclamptic 
convulsions. The main arguments against magnesium 
sulfate use as a treatment for preeclampsia-eclampsia 
have been as follows: (1) It does not cross the blood- 
brain barrier, as demonstrated by the fact that acute or 
constant elevations of the serum magnesium concentra- 
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tion are not followed by a rise in the cerebrospinal fluid 
or brain levels® ’; (2) magnesium sulfate does not have 
central nervous system inhibitory effect (i.e., its effect is 
limited to the skeletal muscle and peripheral nerves).°° 

This study was initiated to (1) determine whether 
elevated serum magnesium levels are associated with 
increased magnesium levels in cerebrospinal fluid and 
brain parenchyma, (2) compare the effects of acute 
versus prolonged elevations of serum magnesium on 
cerebrospinal fluid and brain levels, (3) determine 
whether seizures facilitate magnesium entry into the 
brain, and (4) determine whether peripherally admin- 
istered magnesium sulfate has central nervous system— 
inhibitory, anticonvulsant action. 


Material and methods 

Surgical preparation. Female Long-Evans rats were 
obtained from Charles Rivers Laboratory (Portage, 
Mich.), Rats were individually housed in stainless-steel 
cages in an environmentally controlled vivarium under 
12-hour-light/12-hour-dark cycles. Animals were fed ad 
libitum throughout the experiments. Eighteen animals 
were anesthetized with 45 mg/kg sodium pentobarbital 
given intraperitoneally. After adequate anesthesia oc- 
curred, each animal had a chronically indwelling bipo- 
lar electrode (MS303/3, Plastic Products, Roanoke, Va.) 
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Table I. Study design— group assignments 


Group Group Sampling time No. of 
No. assignment after injection animals 


1 Control, not op- After 20 min 7 
erated l 

2 — Single injection After 20 min 7 

3 Single injection After 2 hr 5 

4 Prolonged treatment After Z hr | 5 

5 Single injection Induce seizure after 5 
20 min, sample 
immediately after 
seizure 

6 Sham operated; sin- After 20 min 5 


gle injection 


stereotaxically implanted into the dorsal ‘hippocampus. 
The stereotaxic coordinates for the implantation were 
3.5 mm posterior bregma, 2.0 mm lateral from the 
midline, and 3.5 mm ventral to the superior surface 3f 
the level skull. In five animals that were sham operated 
the electrode was pulled out and the skin was closed. In 
the rest of the animals the electrode assembly was 
chronically attached to the skull with three stainless- 
steel jeweler’s screws and acrylic cement. Animals were 
allowed 1 week’s postsurgical recovery before the ex- 
periments were begun. After the final experiment each 
animal was killed, and the placement of the electrode 
was verified by visual inspection and histologic confir- 
mation. | 

Recording and stimulation technique. In each of 
the experiments rats implanted with bipolar electrodes 
were placed into a Plexiglas recording chamber, and 
leads from a polygraph (model 7, Grass Instruments, 
Quincy, Mass.) were attached to the implanted elec- 
trode. Baseline electroencephalographic activity was re- 
corded from the hippocampus by the electrode. One- 
second trains (100 Hz, 1 msec pulse duration, biphasic, 
square wave) of low-intensity electrical stimulation were 


delivered through the implanted electrodes, beginning — 


at a current intensity of 10 pA. Stimulation intensity was 
increased stepwise until the first epileptiform afterdis- 
charge (seizure) was recorded from the hippocampus 
immediately after stimulation. The level of stimulation 
that evoked an afterdischarge was defined as the after- 
discharge threshold. Electrical stimulation was deliv- 
ered by a Grass model S88 stimulator equipped with 
two PSIU6 constant-current units. A Tektronix 532A 
oscilloscope was used to monitor the amplitude of the 
electrical stimulation. 

Experiment 1: Transfer of magnesium into certral 
nervous system 

Sampling procedure. Animals were surgically anesthe- 
tized with a 60 mg/kg intraperitoneal injection of pen- 
tobarbital sodtum. Animals were placed on a stereotaxic 
instrument, the skin in the occipital area was inc.sed, 
the muscles were separated, and cerebrospinal fluic was 


December 1999 
Am J Obstet Gynecol 


obtained by needle puncture of the dura at the cisterna 
magna. Next the chest was opened, blood was sampled, 
and the animals were perfused transcardially with 0.1 
ml of heparin (1000 units/ml) followed by 100 ml of 
normal saline solution until the perfusate returned 
clear from a small right atrial incision. A sample of the 
perfusate was taken to examine for magnesium concen- 
tration at the end of the perfusion, to assure adequate 
perfusion. The animals were killed, and the brains were 
obtained. The cortex, hippocampus, caudate nucleus, 
and cerebellum were separated, weighed and homoge- 
nized in 0.5 ml of saline solution. Magnesium concen- 
trations were determined by a blinded investigator in 
serum, perfusate, cerebrospinal fluid (all in milligrams 
per deciliter), cortex, hippocampus, caudate nucleus, 
and cerebellum (in milligrams per deciliter per gram 
wet brain weight) on each animal. Magnesium concen- 
trations were analyzed colorimetrically (Eastman Kodak 
Co., Rochester, N.Y.). 

Study design. Thirty-four rats were divided into six 
groups (Table I): (1) Control animals (n = 7) had an 
intraperitoneal injection of normal saline solution fol- 
lowed 20 minutes later by the sampling procedure. (2 
and 3) The sampling procedures were done at 20 
minutes (n = 7) and 2 hours (n = 5) after a single 270 
mg/kg intraperitoneal injection of magnesium sulfate. 
(4) Five animals had prolonged elevation of serum 
magnesium concentrations. In this group each animal 
received a 270 mg/kg loading dose of magnesium 
sulfate intraperitoneally followed by a 27 mg/kg dose 
every 20 minutes for 2 hours before the sampling 
procedure. (5) The effect of a seizure on central ner- 
vous system magnesium concentration was evaluated in 
this group. Five animals had an electrode stereotaxi- 
cally implanted into the dorsal hippocampus. After 1 
week of postsurgical recovery the rats were electrically 
stimulated and the threshold for a hippocampal seizure 
was determined. On the next day they received a 
loading dose of 270 mg/kg magnesium sulfate followed 
20 minutes later by twice-threshold stimulation to as- 
sure a seizure of at least 20 seconds’ duration. Imme- 
diately after a seizure was achieved the sampling pro- 
cedure was performed. (5) This group of sham-oper- 
ated animals (n = 5) underwent the procedure to 
determine whether the surgery per se disrupts the 
blood-brain barrier. In this group 270 mg/kg magne- 
sium sulfate was injected intraperitoneally followed 20 
minutes later by the sampling procedure. 

Magnesium sulfate doszs were chosen on the basis of 
a previous study.” It was made up in sterile saline 
solution at a concentration of 90 mg/ml. The order of 
magnesium sulfate versus saline solution administration 
was randomized across animals. All animals were killed 
at the conclusion of the study. 

Experiment 2: Central anticonvulsant effect of 
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Fig. 1. Correlation between serum and cerebrospinal fluid magnesium concentrations (y = 2.2657 + 


0.054x; r = 0.86, p < 0.0001). 


magnesium sulfate. ‘This study was initiated after dem- 
onstrating significantly higher brain magnesium levels 
in group 4 (prolonged serum magnesium elevation). 
Eight rats had an electrode stereotaxically implanted 
into the dorsal hippocampus. The afterdischarge 
threshold after electrical stimulation was measured in 
all rats. Twenty-four hours later they were randomized 
into two groups, study and control. In the study group 
each animal received a 270 mg/kg loading dose of 
magnesium sulfate intraperitoneally, followed by 27 
mg/kg dose every 20 minutes for 2 hours. In the control 
group each animal received the same number of injec- 
tions and volume of normal saline solution. The ani- 
mals were then placed in the recording chamber and 
were stimulated through the implanted electrodes, 
starting at below the afterdischarge threshold current 
with increasing intensity until a seizure was achieved 
immediately after stimulation. The level of stimulation 
that caused this seizure was recorded as the new thresh- 
old. Animals were allowed 5 days to recover from the 
first part of the experiment. In the second part, which 
was similar to the first, after measuring the baseline 
threshold for all animals, the two groups were reversed. 
By the end of the experiment all eight animals served as 
study and control. The difference in the threshold 
before and after the treatment was compared in the 
study and the control group. 

Statistical analysis. The data were analyzed with the 
SPSS/PC + statistical package. One-way analysis of vari- 


ance was used to compare the various groups in exper- 
iment 1. Then a multiple comparison procedure (Dun- 
can procedure) was applied to determine which groups 
were different. ‘The correlation between serum and 
cerebrospinal fluid magnesium level was determined by 
linear regression analysis. Paired Student ¢ test was used 
to compare the differences in experiment 2. Results are 
reported as mean + 1 SD, and p < 0.05 was considered 
significant. l 


Results 


Intraperitoneal magnesium sulfate injections resulted 
in significant elevations of magnesium in blood, cere- 


brospinal fluid, and brain. 


Experiment 1: Cerebrospinal fluid magnesium 
level. There was a highly significant correlation be- 


‘tween serum and cerebrospinal fluid magnesium con- 


centrations (r = 0.80, p < 0.0001, Fig. 1). Cerebrospi- 
nal fluid magnesium concentrations were increased by 
26% at 20 minutes after intraperitoneal injection of 
magnesium sulfate (from 2.41 + 0.14 to 3.04 + 0.48 
mg/dl, p < 0.01). Hippocampal seizure activity resulted 
in an even greater elevation in serum magnesium con- 
centrations (from 2.40 + 0.25 to 18.6 + 8.44 mg/dl, 
p < 0.01) and further increased cerebrospinal fluid 
concentrations (40% increase over control, from 
2.41 + 0.14 to 3.37 + 0.59 midl, p < 0.01). Sham- 
operated rats were not significantly different in any 
parameter from the rats that did not undergo surgery. 


1608 Halak et el. December 1992 


Am J Obstet Gynecol 








Magnesium 
; Concentration E Control 

30 L] MgS0O4-20 min 

Seizure L 

MgSO4-2hr J: 

E 

99 MgS0O4-2hr cont. ra 

gg ny 

As 

Z HZ 

% a: 

GY : É Ge 






cortex cerebellum hippocampus 





Fig. 2. Magnesium concentration in serum, cerebrospinal fluid (CSF), and various areas of brain after 
systemic administration. Five conditions include control, saline solution; magnesium sulfate (MgSO4) 
20 minutes, single injection of magnesium sulfate; seizure, single injection followed by hippocampal 
electrical stimulation (in last three conditions sampling procedure was done £0 minutes after 
injection); magnesium sulfate 2 hours, single injection and sampling procedure after 2 hours; 
magnesium sulfate 2 kours continuously, injection every 20 minutes for 2 hours. Units for blood and 
cerebrospinal fluid, milligrams per deciliter; for brain, milligrams per deciliter per gram wet brain 


weight. Results are presented as mean + SEM. 


This demonstrates that surgery per se does not disrupt 
the blood-brain barrier. The protocol of multiple mag- 
nesium sulfate injections for 2 hours kept the seram 
magnesium concentrations elevated (11.1 + 3.51 vs 
2.4 + 0.25 mg/dl in control) and as a result the cere- 
brospinal fluid concentrations were increased by 19% 
above contro! (from 2.41 + 0.14 to 2.86 + 0.2 mgdl, 
p < 0.05). 

Brain magnesium levels (Fig. 2). Magnesium con- 
centrations were increased in the cortex and hippocam- 
pus but not the caudate nucleus or cerebellum. Mag- 
nesium concentrations in the caudate nucleus in all 
conditions were lower than the threshold of detection of 
the test, and these results were omitted. Delaying the 
sampling procedure for 2- hours after single injection 
resulted in magnesium concentrations in serum and 
cerebrospinal fluid that were no different from control 
levels. However, the concentrazions in the cortex re- 
mained elevated as in group 2 (sampled 20 minutes 
after a single injection), and the hippocampal mag- 
nesium concentrations continued to rise and were 
significantly elevated above control concentrations 
(p < 0.05). Group 4 (prolonged magnesium sulfate 
treatment) had the largest change in the cortex and 
hippocampus (from 10.9 + 1.75 to 14.8 + 2.98 


mg/dl/gm for the cortex and from 19.05 + 5.86 to 
26.86 + 3.06 mg/di/gm for the hippocampus; p < 
0.01). Hippocampal seizure activity superimposed on 
already elevated cerebrospinal fluid magnesium con- 
centrations resulted in further increased cerebrospinal 
fluid magnesium concentrations but had no effect on 
brain concentrations. 

Experiment 2 (Fig. 3). The threshold for hippocam- 
pal seizure in the magnesium sulfate treatment group 
was increased by 34%, whereas in the control group the 
increase was only 3.5% (¢ = 0.01). The mean increase 
in the threshold was 9.1 + 6.1 pA in the treatment 
group versus an increase of 1 + 4.3 pA in the control. 
All the rats treated with magnesium sulfate had post- 
seizure depression with a mean length of 91.5 seconds. 
Only one rat in the control group had postseizure 
depression with a mean length of 4.3 seconds 
(p < 0.001). No animal treated with magnesium sulfate 
had a secondary seizure, whereas three rats in the 
control group did. 


Comment 

The results of this study demonstrate that magne- 
sium sulfate does enter the central nervous system in 
the presence of an intact blood-brain barrier. Seizure 
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Fig 3. Effect of systemically administered magnesium sulfate (MgSO,) on threshold for hippocampal 
seizure. Threshold was significantly higher after systemically administered magnesium sulfate 


(p = 0.01). Results are presented as mean + SEM. 


activity causes further increase in the blood and cere- 
brospinal fluid magnesium concentrations. The transfer 
of magnesium from the blood into the cerebrospinal 
fluid compartment occurs within 20 minutes of a pe- 
ripheral injection. Levels of magnesium appearing in 
the cerebrospinal fluid significantly correlate with se- 
rum magnesium concentration. 

Thurnau et al.’ determined the cerebrospinal fluid 
magnesium levels in patients with preeclampsia after 
treatment with intravenous magnesium sulfate. In that 
_ study the mean cerebrospinal fluid magnesium concen- 
tration was increased by 19% above the mean of un- 
treated normal patients. Moreover, as in our results in 
rats, they found a significant correlation between blood 
and cerebrospinal fluid magnesium concentrations. In 
contrast to these findings, Pritchard'’ has stated that 
the cerebrospinal fluid magnesium concentration is 
independent of blood magnesium concentrations. How- 
ever, the patients in that study also showed a rise of 13% 
in cerebrospinal fluid magnesium concentrations. ‘This 
small increment in cerebrospinal fluid magnesium level 
might be sufficient to produce a central effect in 
humans. 

Oppelt et al.'? studied the exchange of magnesium 
between blood and cerebropsinal fluid in mongrel dogs. 
They found a 21% increase in the cerebrospinal fluid 
magnesium concentrations after intravenous adminis- 
tration of magnesium sulfate. They showed that mag- 
nesium enters the cerebrospinal fluid rapidly, reaching 
equilibrium within 2 to 3 hours. They concluded that 
magnesium is being transferred from blood to cere- 
brospinal fluid by an active transport mechanism and 


1.1? 


removed from cerebrospinal fluid by diffusion and bulk 
filtration. 
Hilmy and Smojen® studied the distribution and tis- 


sue uptake of magnesium. These investigators demon- 


strazed that after 50 minutes of infusion of magnesium 
to anesthetized rabbits the net uptake by the brain 
compared with skeletal muscle was 0.37 and 1.5 
mEq/kg wet weight, respectively. The fact that magne- 
sium uptake by skeletal muscle and peripheral nerve 
was four to seven times greater than in the brain led 
them to conclude that the central nervous system is 
protected from magnesium either by a barrier or by 
regulatory mechanism. However, in a following study 
Kato and Smojen™ demonstrated that magnesium sig- 
nificantly blocked the synaptic transmission evoked by 
electrical stimulation and depressed the firing of central 
neurons in cats. They concluded that a small increment 
of magnesium in the central nervous system was suffi- 
cient to depress the activity of central neurons. 

Chutkow'* injected magnesium intraperitoneally to 
magnesium-deficient rats. The cerebrospinal fluid mag- 
nesium levels were corrected within 30 minutes; how- 
ever, restoration of control levels in the brain required 
several hours. The return to normal magnesium levels 
was faster in the cortex and cerebellum as opposed to 
other areas in the brain (2 hours vs 4 to 6 hours, 
respectively). . 

The results of Chutkow are consistent with the cur- 
rent study. Our study has shown that magnesium con- 
centrations rise in the cerebrospinal fluid within 20 
minutes of systemic administration, whereas 2 hours 
were required for significant increase in hippocampus 
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concentration to occur. Sustained elevations of blood 
magnesium concentrations were associated with the 
maximal increase in brain magnesium concentrations. 
There was a significant deposition of magnesium sulfate 
in the hippocampus and cortex but not in the cerebel- 
lum or caudate nucleus. Within the brain the highest 
cor.centration of magnesium was in the hippocampus m 
all conditions. 

After demonstrating a significant increase of brain 
magnesium concentrations after prolonged elevation ¿n 
blood magnesium levels, we tested magnesium’s effect 
on seizure activity. Magnesium caused a significant 
increase in the electrical activity required for a hippo- 
campal seizure. In a previous study” we failed to shaw 
an effect on the afterdischarge threshold after 10 min- 
utes of magnesium injection. Ths study demonstrates 
the reason for that failure. Ten minutes is not sufficient 
time for magnesium to accumulate in brain tissue. Tne 
current study also demonstrates hat when seizures do 
occur during magnesium sulfate treatment the refrac- 


tory period ts significantly prolonged and a secondery. 


seizure does not occur. These findings suggest that 
magnesium prolonges the postictal refractory period of 
the brain. 

Several investigators argue that magnesium sulfate 
cantrols convulsion merely by blocking the neuromis- 
cular transmission and that this blockade masks an on 
going seizure activity.°™ '* '° Our results are compatible 
with other reports'” '* that provide evidence for a 
central effect of magnesium in controlling seizure ac- 
tivity. 

In conclusion, magnesium sulfate enters the cere- 
brospinal fluid and brain after systemic administration. 
Within the brain there is a preferential uptake of 
magnesium by the hippocampus and cortex. Magne- 
‘ stum concentrations first rise in the cerebrospinal fluid 
and correlate with the degree of hypermagnesenia, 
whereas changes in the brain occur later and are more 
closely related to time of injection. The significant rise 
in brain magnesium concentrations resulted in eleva- 
tion of the threshold for electrically stimulated hippo- 
campal seizure. These results are consistent with a 
central mechanism of action for magnesium sulfate. 
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Prenatal exposure to phenobarbital and quantifiable 
alterations in the electroencephalogram of adult 


rat offspring 


Glenn T. Livezey, PhD, William F. Rayburn, MD, and Carl V. Smith, MD 


Omaha, Nebraska 


OBJECTIVE: Our purpose was to measure central nervous system insult from prenatal phenobarbital by 
quantified electroencephalographic evaluation of mature rat offspring. 

STUDY DESIGN: Twenty-four adult female rats were given phenobarbital as 0, 20, 40, or 60 mg/kg/day 
subcutaneously between 9 and 10 am for 28 days before breeding and throughout gestation. The 
electroencephalograms of 90-day-old offspring were sampled over 24 hours and converted to the power 


spectra. 


RESULTS: Female offspring exposed prenatally to 20 mg and males exposed prenatally to 40 mg 
displayed an increase in delta and a decrease in alpha and middle-beta waveform activities. Females 
exposed prenatally to 40 mg and males exposed prenatally to 60 mg displayed decreases in delta, theta, 


alpha, and middle-beta activities. 


CONCLUSIONS: Prenatal phenobarbital exposure produced dose- and sex-depsndent changes in the 
electroencephalogram of mature offspring consistent with a generalized deficit in the neuronal 
synchronization mechanisms that are critical for normal sleep and learning. (Am J Osster GYNECOL 


1992:167:1611-5.) 


Key words: Prenatal, phenobarbital, electroencephalogram, power spectra, rat 


Drug therapy during pregnancy is a balance between 
potential risks and benefits to both the developing fetus 
and the mother. It is particularly difficult to counsel 
patients about receiving centrally acting drugs when so 
little is known about the developing brain, yet the 
potential for prenatal insult is so great. Subtle yet 
pervasive and long-lasting changes may go undetected 
at birth, only to be suspected when the child fails to 
keep up with peers. 

Animal studies of prenatal exposure to the benzodi- 
azepine diazepam revealed long-term effects on the 
behavior, learning rate, electroencephalogram, and 
brain-benzodiazepine receptors.'* A recent clinical 
study has shown that the neonatal electroencephalo- 
gram can predict subsequent mental and motor retar- 
dation in children exposed to alcohol.’ The quantitative 
analysis of electroencephalographic power spectra may 
serve as an objective tool in the evaluation of prenatal 
insult involving other centrally acting drugs. 

The purpose of our investigation was to evaluate the 
central nervous system after chronic prenatal exposure 
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to phenobarbital by using a quantified electroencepha- 
lographic approach. In doing so we hope to identify a 
drug-specific “signature” of prenatal insult to the brain. 
Phenobarbital was chosen because it is one of the most 
common centrally acting drugs prescribed prenatally 
and remains the anticonvulsant of choice during preg- 
nancy. 


Material and methods 


All procedures were approved by the Animal Review 
Committee and conform to the National Institutes of 
Health guidelines for the care and treatment of animal 
subjects.° Twenty-four adult female Sprague-Dawley 
rats (Harlan Sprague-Dawley, Indianapolis, Ind.) were 
assigned (by means of a table of random numbers) to 
one of four phenobarbital treatment groups (0, 20, 40, 
or 60 mg/kg/day subcutaneously}. All animals were 
treated between 9 and 10 am for 28 days before breed- 
ing and throughout their 21-day gestation. On the 
second postnatal day each litter was culled to four males 
and four females. Male and female offspring were 
tested at 90 days of age. The saline solution group (that 
is, 0 mg/kg phenobarbital) served as a contemporary 
procedural control for measuring the effects of time 
and all manipulations excluding drug exposure. These 
experiments were carried out in two phases of equal 
numbers in all groups. 

The 90-day-old offspring were placed on 24-hour 
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Fig. 1. Telemetry transmitter placement. A, Relative placement of telemetry transmitter and lead 
wires beneath loose skin of the back and neck. B, Position on skull surface cf holes drilled for 
placement of lead wire ends serving as electroencephalographic and indifferent electrodes. C, Detail 


of preparation and placement of lead wire ends within the skull. 


food deprivation and then anesthetized with a mixture 
of ketamine hydrochloride (42.5 mg/kg) and xylazine 
hydrochloride (10 mg/kg) intramuscularly. The trans- 
mitter was placed subcutaneously in the loose skin of 
the back and neck, and the bipolar epidural electroen- 
cephalographic leads were laid subcutaneously tc the 
top of the skull (2 mm anterior to lambda and 2 mm on 
either side of the midline; Fig. 1) as described previ- 
ously.’ 

After 1 week of postoperative recovery, the electro- 
encephalogram of each animal was monitored and 
sampled over 24 hours (one 10-second electroenceph- 
alographic epoch every 10 minutes). Data were ac- 
quired by using the DQ IV data acquisition system 
(Data Sciences, Inc., St. Paul, Minn.) and installed in a 
33 MHz 486 personal computer (Step 486, Everex 
Systems, Inc., Fremont, Calif.). Electroencerhalo- 
graphic data were subjected to fast Fourier transform 
(Matlab386, The Mathworks, Inc., Natick, Mass.) for 
conversion into the corresponding power spectra. 

All spectra from a subject were averaged over the 
24-hour recording period to yield one spectrum reflect- 
ing the electrophysiologic repertoire of that subject. 
Relative spectral power was calculated as the percent- 
age of the total integrated power across the full spec- 


trum (1 to 100 Hz) that was distributed within a chosen 
frequency band. We divided the spectra into delta (1 to 
4 Hz), theta (4 to 8 Hz), zlpha (8 to 12 Hz), middle-beta 
(12 to 16, 16 tó 20 Hz), and fast-beta (20 to 24, 24 to 
28, 28 to 32 Hz) frequency bands as used by Santucci et 
al.” and examined the effects of dose and sex of the 
offspring with analysis of variance followed by paired ¢ 
test with the Bonferroni adjustment for contrasts found 
significant by analysis of variance (Systat, Systat, Inc., 
Evanston, Ill.). A p value <0.05 was considered signif- 
icant. 


Results 


All pregnancies were carried to their 21-day term. 
None of the subjects manifested overt signs of altered 
development (e.g., eye-opening time), growth abnor- 
malities (e.g., weight gain), infectious disease, chronic 
pain, or any other complication that may have resulted 
from their experimental treatment. All adult offpsring 
appeared to be fully recovered from uneventful surgery. 
However, the litters in the 60 mg/kg group tended to 
have fewer pups (average pups/litter was 11 for 0 mg, 
12 for 20 mg, 11 for 40 mg, and 7 for the 60 mg group). 
This decrease was not statistically significant but may 
indicate an approach to the overtly toxic effects of this 
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Fig. 2. Effect of prenatal exposure to phenobarbital on the mature offspring electroencephalogram. 
All data are presented as percent total spectral power minus control level. Control level is represented 
by 0 line. A, Male values for 1 to 16 Hz range. B, Female values for 1 to 16 Hz range. C, Male values 
for 16 to 32 Hz range. D, Female values for 16 to 32 Hz range. Asterisk, Significant difference between 
control and phenobarbital group means, p < 0.05. 


highest dose, particularly for the female offspring (see 
next paragraph). Therefore the 60 mg/kg offspring 
were not included in the final statistical evaluation of 
the sex and dose effects of phenobarbital on the elec- 
troencephalographic power spectra. 

Data were not different between female and male 
controls. There was no significant effect of the lowest 
dose (20 mg) on male offspring. Significant effects of 
prenatal phenobarbital on the adult-offspring electro- 
encephalograms were concentrated in the lower-fre- 
quency bands. Fig. 2 shows the effect of prenatal phe- 
nobarbital exposure on the lower power spectra (1 to 16 
Hz) of mature male (A) and female (B) offspring plotted 
as the difference from control levels. Female offspring 
exposed to 20 mg phenobarbital and males exposed to 


40 mg displayed an increase in delta (1 to 4 Hz) and a 
suppression of alpha (8 to 12 Hz) and middle-beta (12 
to 16 Hz) activities. Females exposed to 40 mg and 
males exposed to 60 mg displayed a suppression of 
delta (1 to 4 Hz), theta (4 to 8 Hz}, alpha (8 to 12 Hz), 
and middle-beta (12 to 16 Hz) activities. The 60 mg 
effect on the males is stated here for qualitative com- 
parison but was not included in the statistical evaluation 
(see previous paragraph). These changes were consis- 
tent for all individuals within each treatment group. 
There were.no statistically significant alterations in the 
16 to 32 Hz range in males (Fig. 2, C) or females (Fig. 
2, D). Please note that the y axis is 10 times smaller than 
in Fig. 2, A and B. The apparent suppressions may have 
been lost to individual variance. 
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Comment 


Advances in quantitative analysis of electroencepha- 
lographic alterations have allowed a more objective 
` study of electroencephalographic effects from potential 
prenatal insults on the developing brain. During tkis 
prenatal period of neuronal multiplication, migration, 
and interconnection, the brain is most vulnerable to 
irreversible damage. Observations from our study have 
contributed to the development of a noninvasive means 
to assess the functional implications of prenatal central 
nervous system insult in the adult offspring that could 
be applied clinically. 

Phenobarbital is prescribed throughout gestation in 
women with grand mal seizures. Doses are often in- 
creased to maintain therapeutic serum levels because of 
pregnancy-induced changes. Reports in children ex- 
posed in utero to phenobarbital suggest a greater 
chance for behavioral difficulties and reduced capabil- 
ities for learning. On the basis of these observations” "° 
and related animal studies,’ it was our working hy- 
pothesis that long-lasting electroencephalographic 
changes would be found by using our model, particu- 
larly in those frequencies related to neuronal synckro- 
nization. 

In our study prenatal exposure to phenobartital 
produced long-lasting alterations observed in the spon- 
taneous electroencephalogram. These changes reflect a 
genera! deficit in the capacity to synchronize neuronal 
activity. Collectively these data reflect a dose- and 
sex-dependent suppression of electroencephalographic 
synchronization. Lower doses selectively suppressed 
phasic synchronization frequencies related to assccia- 
tive learning and attentional focus, whereas higher 
doses also suppressed tonic synchronization frequer-cies 
related to slow-wave sleep and receptor homeostasis. 
Dose dependency was observed in both males and 
females. However, suppression in electroencephalo- 
graphic synchronization was more severe in female 
subjects at each dose. Other investigators have reported 
sexually dimorphic effects of prenatal exposure to cen- 
trally acting drugs.'! These changes can manifest them- 
selves asan enhanced sensitivity in one or the other sex, 
as in our study, or as the elimination of normal sex 
differences noted in unexposed subjects. The greater 
sensitivity of the females to prenatal exposure to phe- 
nobarbital may be related to the observation that adult 
females require lower surgical anesthetic dosage than 
males.” This explanation is somewhat limited because 
the anesthetic dose of amobarbital in adults is related to 
many factors (differences in weight, fat distribution, 
circulating hormone levels) that are not~C€omparable 
with male and female fetuses exposed to nonanest-etic, 
nonataxic doses of phenobarbital given to the mother 
after a month of chronic treatment. = | 

The dose-dependent aspect of our results suggests 
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that children so exposed need not exhibit a full spec- 
trum of disorders that we designate a “syndrome” to 
be significantly affected. The sex-dependent aspect of 
our results underscores the need to examine both sexes 
in any such study and the fallacy in extrapolating data 
from one sex to the other. 

The specific electroencephalographic effects of pre- 
natal phenobarbital exposure reported here are note- 
worthy in that they appear to be the opposite of effects 
from acute administration of barbiturates reported by 
others” and found in our preliminary investigations. 
Acute barbiturate dosing in rats enhances those fre- 
quencies suppressed after prenatal exposure and sup- 
presses those frequencies enhanced after prenatal ex- 
posure. This observation points to a relatively specific 
functional lesion after in utero exposure to phenobar- 
bital. This lesion could be explained by a deficit of 
brain-barbiturate—specific receptors. The presence of a 
receptor-specific agonist drug such as phenobarbital 
during the development of that receptor system may 
result in a deficit of receptor numbers. This deficit is 
related to the feedback mechanisms sensitive to system 
activity that play a role in the regulation of the system's 
development. During prenatal exposure to phenobar- 
bital the range of neuronal activity in this system was 
artificially enhanced. Thus by stimulating specific feed- 
back mechanisms, the development of related transmit- 
ter-receptor systems is prematurely terminated. After 
the drug source is removed from the developing brain 
at birth, the resulting range of activity is deficient. 
Previous studies of prenatal exposure to benzodiaz- 
epines demonstrating deficits in specific binding sites, 
behavior, and electroencephalographic synchronization 
have supported this view.’* 

There are manv ominous clinical corollaries to the 
premise that in utero exposure to a drug affects off- 
spring in ways that are opposite to its acute effects in 
adults, as in our study. In utero exposure to medica- 
tions designed to suppress seizure activity in the mother 
may predispose the child to enhanced seizure activity. 
Animal studies have already demonstrated such ef- 
fects.'*'* In utero exposure to anxiolytics may- predis- 
pose the child to chronic anxiety or panic attacks. Our 
own studies have demonstrated an animal model of 
chronic anxiety produced by prenatal exposure to di- 
azepam.” * In utero exposure to sedatives may predis- 
pose the child to insomnia or hyperactivity. Again, 
animal studies support this view." * 

Indeed, many of the clinical reports of the effects 
seen in children prenatally exposed to centrally acting 
drugs can be described as a “chronic withdrawal syn- 
drome.” Althouga the first signs seen in newborns are 
continued intoxication, these are often followed shortly 
by periods of intense withdrawal. The plasticity of 
receptor systems responsible for the development and 
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reversal of tolerance and dependence in the adult is 
based on the range of activity set during development. 
The unique aspect of prenatal exposure is that this 
range of activity is narrowed by premature termination 
of development. Therefore the tolerance or depen- 
dence produced in utero may not be fully reversed in 
the absence of the drug in the postnatal period. In that 
case “normal” for a child so exposed appro sunate; a 
continued state of withdrawal. 

Confirmation of the eẹlectroencephalographic 
changes observed in our present study in mature rat 
offspring must now be sought in the clinical setting. 
Children prenatally exposed to phenobarbital and ex- 
hibiting such electroencephalographic alterations may 
be at risk for behavioral, learning, sleep, and convulsive 
disorders. l 
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Fetal catecholamine, cardiovascular, and neurobehavioral 


responses to cocaine 


Kenneth Chan, MD, P. Adam Dodd, MD, Linda Day, Linda Kullama, PhD, 
M. Gore Ervin, PhD, James Padbury, MD, and Michael G. Ross, MD 


Torrance, California 


OBJECTIVE: Although maternal cocaine administration results in fetal cardiovascular and behavioral 
alterations, these responses have been attributed to hypoxie resulting from reduced uteroplacental blood 
flow. We studied the fetal catecholamine, cardiovascular, and neurobehavioral responses to direct fetal 


cocaine administration. 


STUDY DESIGN: Cardiovascular, electrocortical, and electrcocular responses and plasma 
catecholamines were monitored in chronically catheterized fetal sheep (n = 7), 127 + 2 days’ gestation, 
during a control period and after intravenous fetal injections of cocaine 0.5 and 1.0 mg/kg. 

RESULTS: Intravenous cocaine caused prompt increases in fetal plasma norepinephrine (872 + 73 to 
531 + 112 and 842 + 233 pg/ml), epinephrine (27 + 7 to 46 + 13 and 49 + 11 pg/ml), and systo.ic 
blood pressure (46 + 2 to 53 + 2 and 55 + 2 mm Hg). Low-voltage electrocortical activity decreased 
from 61.7% + 3.0% to 38.4% + 3.9% in the first hour after fhe cocaine 0.5 mg/kg dose but recovered to 
baseline values during the second hour. After the cocaine 1.0 mg/kg dose, low-voltage electrocort cal 
act'vity decreased to 40.7% + 2.0% and did not recover thereafter. Fetal blood gas values did not 


change. 


CONCLUSION: Direct fetal cocaine administration increases fetal plasma catecholamine levels ana fetal 
blood pressure and suppresses low-voltage electrocortical activity. Chronic cocaine exposure may 
hamper central nervous system maturation and alter postnatal development. (Am J OBSTET GYNECOL 


1992;167:1616-23.) 


Key words: Cocaine, catecholamine, fetal neurobehavioral state 


Mounting evidence suggests that cocaine use during 
pregnancy may have consequences beyond such peri- 
natal events as abruptio placentae, preterm labor, fetal 
distress, and intrauterine growth retardation. Indeed, a 
number of observations indicate that neurobehavicral 
and central cardiorespiratory regulatory development 
may be impaired in children exposed: to cocaine in 
utero, Infants exposed to cocaine displayed increased 
tremulousness and startle responses and depressed 
consolability and interactive behavior.’ In addition, an 
increased incidence of sudden infant death syndrome? 
and abnormal ventilatory patterns’ has been reported 
among children whose mothers used cocaine during 
pregnancy. 

Animal studies also demonstrate neurobehaviora: al- 
terations. Rat pups exposed prenatally to cocaine were 
delayed in the development of the righting reflex,* cliff 
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avoidance, acoustic startle,* and odor-milk association.® 
Behavioral alterations extending to adulthood also were 
noted in rats exposed to cocaine in utero, including 
impairment in spontaneous alterations, open field ac- 
tivity, water-maze performance, tail flick, and foot shock 
sensitivities.’ 

Cocaine’s effect on postnatal behavioral development 
may well be mediated through its action on catechol- 
amine metabolism and sleep state regulation in utero. 
Cocaine blocks presynaptic catecholamine reuptake, 
leading to increased intrasynaptic norepinephrine con- 
centration in central nervous system and peripheral 
sympathetic neurons.” Ar important neurotransmitter 
for sleep state regulation,” norepinephrine is decreased 
in active sleep,’° the predominant behavioral state in 
fetal life.’ '? Because active sleep state is accompanied 
by peak cerebral metabolism and blood flow and thus 
theorized to be vital for central nervous system matu- 
ration,” cocaine-induced suppression of fetal active 
sleep state may alter central nervous system maturation 
and postnatal behavioral development through chron- 
ically elevated central nervous system norepinephrine 
levels. Burchfield et al.'* demonstrated decreased active 
sleep in fetal lambs given continuous intravenous co- 
caine infusions. However, neither the duration of the 
sleep state alteration nor the plasma catecholamine 
level was reported. 
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Maternal cocaine administration results in significant 
ovine fetal cardiovascular effects in sheep. However, 
these effects may be secondary to cocaine-induced de- 
creases in uteroplacental blood flow and resultant fetal 
hypoxemia. To avoid the vasoconstrictive effects of 
cocaine on uterine blood flow and resultant fetal hyp- 
Oxla, we administered cocaine by direct fetal intrave- 
nous injections and sought to investigate fetal catechol- 
amine, cardiovascular, and neurobehavioral responses. 
The results suggest an important role for norepineph- 
rine in regulating cardiovascular and neurobehavioral 
- states. 


Methods 

Surgical preparations. Seven time-bred ewes with 
singleton fetuses at 127 + 2 days’ gestation were stud- 
ied. Animals were kept in individual metabolic cages 
and acclimated to an environment of alternating 12 
hour light and dark cycles. Food and water were avail- 
able ad libitum, except for withholding food 24 hours 
before surgery. The protocol was approved by the 
Harbor~UCLA Animal Use Committee and was in 
accord with American Association for Accreditation of 
Laboratory Animal Care and National Institutes of 
Health guidelines. 

The ewes were presedated with ketamine before en- 
dotracheal intubation and maintained during surgery 
on 1% to 2% isoflurane balanced with oxygen. Through 
a midline abdominal incision the uterus was exposed 
and the fetal head identified and exteriorized. Fetal 
electrocortical electrodes were inserted into the parietal 
dura,'® and electroocular electrodes were sewn onto the 
periorbital tissue through incisions made above and 
below the orbit. Fetal and maternal polyethylene cath- 
eters were placed in the femoral artery and vein and 
advanced to the abdominal aorta and inferior vena 
cava, respectively. An intrauterine catheter (Coromet- 
rics Medical System, Wallingford, Conn.) was inserted 
for amniotic fluid pressure measurement. 

Antibiotics were administered in the immediate post- 
operative period and twice daily for 2 days. Gentamicin 
(8 mg) and oxacillin (33 mg) were administered intra- 
venously to the fetus, and gentamicin (72 mg), oxacillin 
(1 gm), and chloramphenicol (1 gm) were ‘given to the 
ewe. Methods for the maintenance of catheters and 
protocols used for the sampling of blood have been 
detailed previously.’ All animals were allowed to re- 
cover for a minimum of 5 days before study. 

Protocol. On the day of study the unanesthesized 
animals were observed for a 2-hour control period (0 to 
120 minutes), during which time fetal electrocortical 
and electroocular activity were recorded continuously 
and blood pressure and pulse were measured every 5 
minutes. Duplicate fetal blood samples for measure- 
ment of hematocrit, arterial pH, Pog, Pecos, norepineph- 
rine, epinephrine, and cocaine concentrations were 
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withdrawn at 60 and 120 minutes. At the end of the 
control period an injection of cocaine 0.5 mg/kg in 2 ml 
of 0.9% saline solution was administered intravenously 
over 30 seconds. At time 240 minutes, a second injec- 
tion of 1.0 mg/kg was ‘similarly administered. The esti- 
mated fetal weights were derived on the basis of gesta- 
tional age by the formula: Estimated fetal weight (kilo- 
grams) = 0.0961 x Gestational age (days) — 9.2228." 
The ewe and fetus were continuously monitored and 
fetal blood samples were drawn at 5, 15, 30, 60, and 
120 minutes after each injection. Two maternal blood 
samples for measurement of hematocrit, arterial pH, 
Pos, Pcos, catecholamine, and cocaine concentrations 
were taken during the control period and 15 and 120 
minutes after each injection. All fetal blood samples 
were replaced with equivalent volumes of heparinized 
maternal blood drawn before the study. Maternal blood 
samples were replaced with equivalent volumes of saline 
solution. 

Fetal electrocortical activity. Fetal electrocortical 
activity was defined as either high or low voltage on the 
basis of visual inspection of the polygraph tracings. 
Results are expressed as percentage time spent during 
two 60-minute epochs in each study period (control, 
after first injection, and after second injection). 

Analytic techniques. Blood samples were transferred 
immediately to chilled test tubes. One milliliter of whole 
blood for catecholamine determination was added to 
tubes containing ethylene glycol-bis (B-aminoethyl 
ether) N,N,N’,N’-tetraacetic acid 4 mmol/L and re- 
duced glutathione 3 mmol/L. Two milliliters of blood 
for cocaine and metabolite determination injected into 
3 ml capacity Vacutainer tubes (No. 6471; Becton 
Dickinson, Rutherford, N.J.) containing 12.5 mg of 
sodium fluoride and 10.0 mg of potassium oxalate. 
These samples were immediately centrifuged at 4° G 
and the serum was stored at ~ 70° C until analysis. An 
additional 0.5 ml was withdrawn in heparinized syringes 
for arterial pH, Pos, and Pecos measurements. 

Plasma catecholamine levels were measured by a 
radioenzymatic assay as previously described.'* The 
assay is sensitive to 1 to 2 pg of norepinephrine or 
epinephrine. The intraassay and interassay variabilities 
are <5%. 

Plasma cocaine levels and levels of the most common 
metabolites of cocaine, benzoylecgonine, norcocaine, 
and benzoylnorecgonine, were determined by reverse- 
phase high-performance liquid chromatography, adap- 
ated from the methods described by Sandberg and 
Olson.” Briefly, plasma was subjected to solvent extrac- 
tion followed by high-pressure liquid chromatography 
separation and spectrophotometric detection. Chro- 
matographic conditions included a C-18 Ultrasphere 
(Phase Separations, Norwalk, Conn.) column, 250 x 
4.6 mm inner diameter with 5 wm particle size. The 
isocratic mobile phase consisted of acetonitrile and 
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Fig. 1. Fetal plasma cocaine (squares) and benzoylecgonine (circles) levels before and after intrave- 
nous cocaine injections (0.5 and 1.0 mg/kg). Standard errors ranged from 3 to 7 ng/ml and are 


obscured by graph symbols. 


0.1% tetramethylammonium hydrogen sulfate (10:¢0 
vol/vol) with a flow rate of 1.0 ml/min. Continuous 
ultraviolet absorption was measured at 230 nm. The 
retention time for benzoylecgnonine was 2.3 minutes, 
followed by benzoylnorecgonine at 2.6 minutes, then 
cocaine at 5.8 minutes, and. finally norcocaine at 7.6 
minutes. Quantitation was based on area under the 
curve analysis by means of Sigma Scan (Jandel Scien- 
tific, Sausalito, Calif.). 

Blood pH, Pos, and Pcos were measured at 39° C 
with a Radiometer BMS 33 MK2-PHM 73 GMA2 blood 
gas monitor (Radiometer, Copenhagen). Fetal and ma- 
ternal blood pressures and pulses were recorded con- 
tinuously by means of a Beckman R 612 physiolozic 
recorder (Beckman Instruments, Fullerton, Calif.) with 
Statham P23 transducers (Garret, Oxnard, Calif.). Fetal 
blood pressures were corrected for amniotic fluid 
pressure. 

Data analysis. All data were presented as mean + 
SE. Statistical significance of ncrepinephrine and epi- 
nephrine concentrations, blooc pressure, pulse, and 
fetal sleep state changes were assessed by two-way 
analysis of variance with Dunnett’s test for comparison 
with control values. Significance was established at 
g < 0.05. 


Results 


After the 0.5 and 1.0 mg/kg doses were administered, 
the maximum fetal plasma coczine levels (109 + 3 and 
254 + 5 ng/ml, respectively) were measured 5 minutes 

‘after each injection (Fig. 1). Sixty minutes after zach 
injection cocaine was no longer detectable (<5 ng’ml). 
Although the 5-minute fetal plasma level of cocaine 
probably does not represent peak values,’ analysis of 
the observed disappearance rate can give meaningful 


pharmacokinetic estimations. The disappearance 
curves after both the 0.5 and 1.0 mg/kg injections were 
found to be log linear with slopes of 0.018. The half-life 
(t¥2) was calculated to be 16.9 minutes. The only me- 
tabolite detected was benzoylecgonine, appearing 15 
minutes after the 0.5 mg/kg injection and peaking at 60 
minutes post injection. Its level was stable until 15 
minutes after the subsequent (1.0 mg/kg) dose and 
again peaked at 60 minutes post injection. No cocaine 
or metabolites were detected at any time in the mater- 
nal circulation. 

Fetal and maternal plasma catecholamine concentra- 
tions during the control period (Tables I and JI) were 
consistent with previously published baseline levels.” 
Fetal norepinephrine level increased rapidly after fetal 
cocaine administration and was dose dependent (Fig. 
2). At 5 minutes after the 0.5 mg/kg bolus, the norepi- 
nephrine level increased by 38%, from 372 + 73 to 
531 + 112 pg/ml, and returned to basal levels by 30 
minutes. After the 1.0 mg/kg dose norepinephrine level 
increased by 105% to 842 + 233 pg/ml and did not 
return to basal levels until after 60 minutes post. injec- 
tion. The epinephrine response was similar after both 
cocaine dosages, with peak values approximately 92% 
(49 + 11 pg/ml) above baseline occurring 30 to 60 
minutes after injections. Maternal norepinephrine and 
epinephrine levels did not change from control values. 

Fetal systolic blood pressure was significantly elevated 
5 minutes after each injection. There were no signifi- 
cant diastolic changes (Fig. 3, top panel). The fetal heart 
rate displayed an initial bradycardia 5 minutes after 
each dose, followed by a more prolonged tachycardia 
(Fig. 3, bottom panel). No significant maternal cardiovas- 
cular changes were noted. 

During the control period fetal low-voltage electro- 
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Table I. Mean fetal arterial blood values during basal period and after intravenous cocaine injections (0.5 


and 1.0 mg/kg) 


pH . 7.39 £+ 0.02 
Po, (torr) 22 22 
Pco, (torr) 46 + 3 
Sodium (mEq/L) 144 + 1 
Potassium (mEq/L) 4.0 + 0.2 
Chloride (mEq/L) ‘Illl 
Osmolality (mOsm/kg) 510 + 1 
Hematocrit (%' 32.5 + 2.2 
Norepinephrine (pg/ml) S12 = 73 
Epinephrine (pg/ml) 2747 


1.0 mg/kg 
7.38 + 0.02 7.39 + 0.03 
23 a0 Die? 
46 + 3 4543 
145 + 1 146+ 1 
5.9 + 0.2 3.9+ 0.2 
lll+1 112+ 1 
309 + 1 310 + I 
31.3 + 1.7 30.1 + 1.6* 
531 + 111* 842 + 233* 
25 +6 36 +9 


Values are mean + SEM. Data are presented for fetal values during the basal period and 5 minutes after each cocaine injection. 


*) < 0.05. 


Table II. Mean maternal arterial blood values during basal period and after intravenous cocaine injections 


(0.5 and 1.0 mg/kg) 


pH 7.49 + 0.02 
Po, (torr) 87 + 4 
Pcos (torr) $2 + ] 
Sodium (mEq/L) 150 + 1 
Potassium (mEq/L) 4.2 + 0.2 
Chloride (mEq/L) 113 +1 
Osmolality (mOsm/kg) S121 
Hematocrit (%) 2h 12 
Norepinephrine (pg/ml) 236 + 42 
Epinephrine (pg/ml) 23 + 6 


748 + 0.02 7.49 + 0.02 
82 +3 R3 +4 
33 + 1 33 + 2 

1I5l +1 151] = I 
4.2 + 0.2 4.4 + 0.2 

ll4 +1 li4 > I 

412+] 312 + Í 

29.3 + 0.7 98.4 + 1.4 

257 + 62 202 + 51 
31+7 26 + 4 


Values are mean + SEM. Data are reported for maternal values during basal period and 15 minutes after each cocaine injection. 


cortical activity constituted 61.7% of time and was 
similarly distributed between the first and second 60- 
minute periods (62.3% + 3.9% and 61.1% + 2.1%, re- 
spectively) (Fig. 4). After the 0.5 mg/kg cocaine bolus 
the percentage of time the fetus spent in low voltage 
decreased significantly to 38.4% + 3.9% during the 
first 60 minutes and returned to baseline values 
(54.9% + 1.8%) by the second hour. After the 1.0 
mg/kg cocaine bolus, low-voltage electrocortical activity 
again decreased significantly (40.7% + 2.0%) during 
the first 60 minutes but did not recover to basal levels 
by the second hour (44.7% + 1.4%). Statistically signif- 
icant differences were noted between the first and 
second hours after the 0.5 mg/kg injection, but not 
between the first and second hours after the 1.0 mg/kg 
injection. During all periods low-voltage electrocortical 
activity was generally accompanied by electroocular 
activity. High-voltage electrocortical activity was not 
associated with electroocular activity. 

As evident in Tables I and UJ, except for a slight but 
statistically significant decrease in fetal hematocrit 
noted after the second cocaine injection, there were no 
other significant changes in maternal and fetal pH, Pog, 
Pcos, and hematocrit. 


Comment 


In this study fetal lambs had significant catechol- 
amine, cardiovascular, and neurobehavioral responses 
after intravenous cocaine injections of 0.5 and 1.0 
mg/kg. Direct fetal cocaine administration was chosen 
to avoid uterine flow-mediated fetal hypoxia that might 
confound the variables we sought to measure. Fetal 
plasma cocaine concentrations attained levels of 
109 + 3 and 254 + 5 ng/ml with a t'4 of 16.9 minutes, 
compatible with previous reports.** Fetal plasma nor- 
epinephrine (372 + 73 pg/ml) and epinephrine 
(27 + 7 pg/ml) concentrations during the baseline pe- 
riod were compatible with previously reported values 
for chronically catheterized sheep.” After each cocaine 
bolus plasma norepinephrine levels peaked at 5 min- 
utes and returned to basal levels by 30 to 60 minutes, 
whereas plasma epinephrine levels peaked at 30 to 60 
minutes and did not return to basal levels until 120 
minutes after injection. Systolic blood pressures peaked 
5 minutes after injection and returned to basal values by ' 
30 minutes. After cocaine 0.5 mg/kg administration, 
low-voltage electrocortical activity significantly de- 
creased from 61.7% to 38.4% during the first 60 min- 
utes, then returned to basal values by the second hour. 
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Fig. 2. Fetal plasma norepinephrine (upper panel) and epinephrine (lower panel, levels before and 
after intravenous cocaine injections (0.5 and 1.0 mg/kg). Asterisk, p < 0.05. 


With the 1.0 mg/kg dose, however, a comparable de- 
crease in low-voltage electrocortical activity did not 
recover even after 2 hours. 
Cocaine has several well-known pharmacologic ac- 
tions. Its interference with Na*-mediated action peten- 
tials accounts for local anesthetic properties.* Cocaine 
also blocks the presynaptic reuptake of catecholamines 
and other neurotransmitters, and it is through this 
-action that cocaine causes elevated peripheral and cen- 
tral catecholamine levels and exerts its systemic effecis.° 
The time courses for changes in plasma norepineph- 
rine and epinephrine levels were different after cocaine 
administration. This most likely represents a difference 
in the effects of cocaine on the disposition of each 
amine. Norepinephrine, but not epinephrine, is rapidly 
removed from the synaptic cleft by an efficient reuptake 
mechanism.” It is this mechanism that is specifically 


and sensitively blocked by cocaine. Other clearance 
routes for catecholamines, such as extraneuronal up- 
take, enzymatic methylation, and sulfoconjugation, are 
comparable in rate for norepinephrine and epineph- 
rine. It was previously demonstrated that whole-body, 
integrated clearance of plasma norepinephrine and 
epinephrine was similar in chronically catheterized . 
lambs of comparable gestational age.** 

The effects of cocaine on blood pressure were likely 
the result of postsynaptic a,-adrenergic receptor activa- | 
tion by elevated intrasynaptic norepinephrine levels." 
The systolic blood pressure responses correlated tem- 
porally with norepinephrine surges. This correlation is 
also substantiated by the threshold phenomenon, as 
demonstrated by Padbury et al.” In fetal lambs given 
norepinephrine and epinephrine infusions systolic and 
mean arterial pressure responses were observed at nor- 
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Fig. 3. Fetal systolic (squares) and diastolic (circles) blood pressures (upper panel) and heart rate (lower 
panel) before and after intravenous cocaine injections (0.5 and 1.0 mg/kg). Asterisk, p < 0.05. 


epinephrine or epinephrine levels of 500 to 800 pg/ml. 
Because our epinephrine response reached levels of 
only 40 to 60 pg/ml, the blood pressure changes ob- 
served can be ascribed to the norepinephrine effect 
alone and not to epinephrine. The second rise in 
systolic blood pressure after the 1.0 mg/kg dose, is 
perplexing (Fig. 3). Because fetal plasma norepine- 
phine and epinephrine values at that time were below 
threshold levels for significant. cardiovascular effects, a 
catecholamine explanation can be plausible. only if a 
local intrasynaptic rather than a peripheral catechol- 
amine excess is considered. Although the blood pres- 
sure effect can be temporally associated with the in- 
creased plasma benzoylecgonine levels, this cocaine 
metabolite is thought to be cardiovascularly inactive in 
the peripheral circulation.’ 


The decrease in low-voltage electrocortical activity 
observed in the current study may also be mediated by 
norepinephrine, which is thought to be. an important 
central neurotransmitter. The norepinephrine-rich nu- 
cleus locus ceruleus, for example, is a key putative 
center for sleep regulation. That we and others’* have 
observed a shift from low-voltage electrocortical activity 
is quite consistent with norepinephrine stimulation of 
the sleep center. The electrocortical changes, which 
lasted for 1 to 2 hours after the cocaine 0.5 mg/kg dose 
and for 2 hours after the 1.0 mg/kg dose, may be due to 
a dose-dependent phenomenon or, alternatively, to a 
priming or additive effect of the first dose on the 
second dose. Randomizing the dosage order may have 
resolved this question. It is clear, however, that a signif- _ 
icant decrease in low-voltage electrocortical activity of 
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Fig. 4. Fetal low-voltage electrocortical activity (percent time) before and after intravenous cocaine 
injections (0.5 and 1.€ mg/kg). J, First hour of each period; I, second hour of each 2-hour period. 


Asterisk, p < 0.05. 


approximately 60 to 120 minutes’ duration occurs after 
cocaine administration. 

The percentage of low-voltage electrocortical activity 
found in our animals (61.7%) during the control period 
is similar to that reported by others.’ '* Recent studies 
have differentiated low-voltage electrocortical activity 
into fetal active sleep (absent nuchal muscle tone) and 
arousal (positive nuchal muscle zone) behavioral states. 
Fetal active sleep and arousal constitute 43% to £0% 
and 5% to 12%, respectively, of total fetal behavior 
during the last third of ovine gestation.'’ Arousal and 
active sleep states were not able to be differentiated in 
the current study because of the absence of nuchal 
electromyelograms. Nevertheless, the decrease in low- 
voltage electrocortical activity is consistent with the 
previously reported cocaine-induced reduction in fetal 
active sleep." 

This decrease in low-voltage electrocortical activity 
noted in this study and that of Burchfield et al.'* may 
have direct developmental implications. Central ner- 
vous system myelination and growth seem to be related 
to low-voltage electrocortical activity, a time when brain 
metabolism and flow are increased.” Because we have 
observed that acute cocaine exposure causes a shift 
from low-voltage electrocortical activity, chronic expo- 
sure may sustain this shift and consequently impair 
brain maturation. By compremising central nervous 
system growth, cocaine may then exert delayed etfects 


on the fetus as shown by alterations in postnatal behav- ` 


ior, intelligence, and cardiorespiratory and sleep regu- 
lation. 

The mechanism by which cocaine exerts its effects on 
low-voltage electrocortical act-vity remains speculative 
as well. Although no known cocaine receptors have 


been identified as yet, their existence cannot be ruled ` 


out. Currently it is believed that cocaine may occupy 
receptor sites for norepinephrine reuptake, which leads 
to intrasynaptic norepinephrine excess. As mentioned, 
cocaine-mediated norepinephrine surges cause sys- 
temic cardiovascular changes, which in turn may affect 
brain flow and hence function and development. Alter- 
natively, norepinephrine-mediated changes in sleep 
state regulation as discussed, alone or in combination 
with systemic cardiovascu_ar changes, may be responsi- 
ble. Reid et al.’° compared catecholamine levels during 
low- and high-voltage electrocortical sleep states in fetal 
lambs and found that high-voltage activity was associ- 
ated with elevated norepinephrine levels. They specu- 
lated that the onset of high-voltage activity and the 
surge in norepinephrine concentration were both the 
result of a common regulating event. However, we 
believe that the cocaine-mediated rise in norepineph- 
rine level may directly herald high-voltage or quiet 
sleep state. Finally, the effect of benzoylecgonine on 
central nervous system function has not been addressed 
and should be considered. We have demonstrated sus- 
tained, elevated levels of benzoylecgonine after cocaine 
administration, levels that have been shown elsewhere 
to be concentrated in the brain to a greater extent than 
is cocaine.” The role of benzoylecgonine in neurobehav- 
ioral and other central nervous system function needs 
investigation. 

We conclude that cocaine does have direct acute fetal 
catecholamine, cardiovascular, and neurobehavioral ef- 
fects independent of changes in fetal oxygenation. We 
believe the cardiovascular effects are likely due to co- 
caine-mediated alteration in intrasynaptic norepineph- 
rine. The neurobehavioral effect may be associated with 
cerebral blood flow changes caused by cocaine-medi- 
ated cardiovascular alterations or may be due in part to 
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direct norepinephrine stimulation of central sleep cen- 
ters. We speculate that chronic cocaine exposure in 
utero may have significant developmental conse- 
quences by hampering central nervous system matur- 
ation. 
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Fetal hemodynamic response to maternal intravenous 


nicotine administration 


Kenneth E. Clark, PhD, and Glenn L. Mign, PhD 


Cincinnati, One 


OBJECTIVES: Our study was designed to test the hypothesis that maternally administered nicotine has 
sicnificant effects on fetal hemodynamics and umbilical systolic/diastolic ratios. 

STUDY DESIGN: Nine pregnant ewes received maternal intravenous infusions of 10, 20, and 30 
wc/kg/min of nicotine, Maternal and fetal blood pressure, heart rate, and uterine and umbilical blood flow 


_ were recorded. 


RESULTS: Maternal intravenous administration of nicotine (10, 20, and 30 g/kg/min of maternal body 
weight) produced significant (p < 0.05) increases in fetal blood pressure (2%, 11%, and 25%, 
respectively), decreases in fetal heart rate (0%, 8%, and 12%), and decreases in umbilical blood flow (0%, 
0%, and 19%). Umbilical systolic/diastolic ratios increased slightly at the 30 pg/kg/min dose of nicotine, 
but these changés did not reach significance. Maternal blood pressure increased (10%, 25%, and 53%), 
and uterine vascular resistance increased (5%, 64%, and 344%) significantly (p < 0.05); uterine blood 
flow increased at the 10 g/kg/min dose (+5%) and decreased by 23% and 42% at the highest two 


doses of nicotine. 


CONCLUSION: Maternal nicotine administration in late-term pregnant sheep podus significant 
ircreases in fetal arterial blood pressure and umbilical vascular resistance, decreased fetai heart rate, and 
umbilical blood flow but did not signifi cantly alter systolic/diastolic ratios: (Am J Osster GYNECOL 


1392; 167:1624-31 d) 


Key words: Fetal sheep, umbilical blood flow, umbilical blood noe waveforms, uterine 


blood flow 


_ The relationship, between smoking and intrauterine 
growth retardation has been well documented.'* Al- 
though this relationship has been known for >30 years, 
it is estimated that approximately 25% of women who 
enter pice anya smokers continue to smoke during 
pregnancy.” Smoking” * and administration of nicotine 
during pregnaricy has been reported to decrease uter- 
ine blood flow®’! and to produce fetal hypoxia.* ™ 
Although it has been demonstrated that nicotine rap- 
idly crosses the placenta and is eliminated at a slower 
rate in the fetus than in the mother," the effect of 
nicotine use by the mother on fetal ee ama is 
currently unknown. 

On the basis of analysis of human umbilical blood 
flow velocity waveforms obtained by external continu- 
ouś wave Doppler ‘ultrasonography, it appears that 
umbilical blood velocity is reduced ‘by smoking.” Al- 
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though under resting conditions there is a relationship 
between ‘umbilical blood flow waveforms and umbilical 
vascular resistance," during acute increases in umbilical 
vascular resistance the relationship between umbilical 
blood flow waveforms and umbilical vascular resistance 
may change.’* Thus clinical studies in which systolic/di- 
astolic Doppler ratio changes have been observed with 
nicotine or smoking may not accurately ‘represent 
changes in umbilical blood flow and vascular resistance. 

Therefore our investigation was designed to test the 
hypothesis that maternal administration of nicotine has 
significant effects on umbilical blood flow, umbilical 
blood flow waveforms, and fetal and maternal arterial 
pressure, heart rate, and uterine blood flow in late-term 
pregnant sheep. 


Material and methods 

Surgical procedures. Nine pregnant ewes of mixed 
breed were surgically instrumented between 105 and 
110 days of gestation. Before surgery the ewes fasted for 
48 hours. On the day of surgery, 10 mg valium (diaz- 
epam) was injected intramuscularly one half hour be- 
fore intravenous administration of 15 mg sodium pen- 
tobarbital. Spinal anesthesia (Pontocaine hydrochlo- 
ride, 12 mg) was given at the fifth lumbar region. Ewes 
were then prepared aseptically for abdominal surgery. 
Polyvinyl catheters were filled with 1000 units/ml hep- 
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arin and inserted into the maternal femoral artery and 
vein via the left groin to the level of the distal aorta and 
vena cava. Supplemental doses of sodium pentobarbital 
were given through the maternal femoral vein catheter 
as needed during surgery. A midline abdominal inci- 
sion was then made to expose the uterus. The fetal left 
hind limb was exteriorized through a small uterine 
incision. The fetal hind limb artery and vein were 
cannulated with polyvinyl tubing. These catheters were 
filled with 500 units/ml heparin and advanced to the 
fetal inferior vena cava and distal aorta, respectively. 
The volumes of all catheters were determined before 
placement. Next a retroperitoneal incision was made 
on the fetus’ left side, and the fetus was temporally 
marsuplalized to the uterus. The common umbilical 
artery was exposed, and a 6 mm Doppler ultrasono- 
graphic flow probe (Transonic Systems Inc., Ithaca, 
N.Y.) was placed around this vessel. Fetal and uterine 
incisions were subsequently closed. Electromagnetic 
flow probes (Dienco, Los Angeles) were fitted around 
the middle uterine artery of each uterine horn. The 
maternal abdominal wall was closed, and all instrumen- 
tation was passed through a subcutaneous tunnel and 
exteriorized through a small incision on the ewe’s flank. 
Catheters and cables were kept in a canvas pouch 
attached to the ewe’s flank. Catheters were flushed 
three times a week to maintain patency, and animals 
received long-acting penicillin (penicillen G benzathine 
and Penicillen G procaine) preoperatively and daily for 
3 postoperative days. Sheep were allowed to recover for 
>5 days before experimentation. Guidelines for the 
care and use of the animals approved by the University 
of Cincinnati were followed. 

Experimental protocols. Experiments were per- 
formed on sheep ranging from 110 to 131 
(mean + SEM, 122 + 2) days of gestation (term = 145 
days). On the experimental day, sheep were allowed a 
period of acclimatization (30 to 60 min) to experimen- 
tal rooms, after which a half-hour baseline record of 
maternal and fetal blood pressures and heart rates, fetal 
umbilical flow, and uterine blood flow was made. Ma- 
ternal and fetal arterial pressures were recorded (Micro 
MP 15 pressure transducers, Micron Instrument Co., 
Simi Valley, Calif.) and were not corrected for central 
venous or amniotic fluid pressures. Baseline drift of the 
transducers was checked periodically during the exper- 
iments and at the end of each study. Heart rates were 
determined by cardiotachometer couplers (Sensor 
Medics, Anaheim, Calif.) triggered by arterial pressure 
pulses. Uterine blood flows were monitored with square 
wave electromagnetic flowmeters (RF2100, Dienco, 
Inc., Los Angeles), and umbilical artery blood flows 
were measured with Doppler ultrasonographic flowme- 
ters (Transonic T101, Transonic Systems Inc., Ithaca, 
N.Y.). Uterine vascular resistance was determined by 
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dividing maternal arterial pressure by total (right and 
left) uterine blood flow and was not corrected for 
changes in central venous pressure. Umbilical vascular 


_ resistance was calculated by dividing fetal mean arterial 


pressure by umbilical blood flow and was not corrected 
for amniotic fluid pressure (amniotic fluid pressure was 
measured in two animals and umbilical venous pressure 
in one animal; it did not change during the nicotine 
infusions). All parameters were recorded continuously 
on physiologic recorders (Sensor Medics R612, Sensor 
Medics, Anaheim, Calif.). Umbilical blood flow could 
not be measured from one of the fetuses because of flow 
probe failure. During this recording period, a 0.5 ml 
blood sample was withdrawn from the fetal arterial 
catheter for measurements of fetal Paog, Paco, and 
pHa on a blood gas analyzer (Radiometer BMS3 MK2, 
Radiometer, Copenhagen) adjusted to sheep internal 
temperature (39° C). All experiments were performed 
on animals with fetal Pao. = 18.0 and pHa 2 7.3. 

Recordings of hemodynamic parameters were then 
made during infusion of the nicotine vehicle (saline 
solution) into the maternal vena cava at the rate of 0.3 
ml/min. This was followed by infusion of nicotine (Sig- 
ma Chemical Company, St. Louis), which was dissolved 
in normal saline sclution and infused at the rate of 0.3 
ml/min, at the doses of 10, 20, or 30 ywg/min/kg of 
maternal body weight after the catheter was filled with 
the appropriate solution. Six minutes after commence- 
ment of the 10-minute infusion period of nicotine 
vehicle (saline solution) or nicotine solution, another 
sample of fetal arterial blood was obtained for blood gas 
measurements. Changes in all hemodynamic parame- 
ters were determined over the last 2 minutes of each 
infusion. 

The first three sheep received 10-minute infusions of 
3, 10, and 30 ug/kg/min nicotine, but the 3 g/kg/min 
dose was discontinued in the next six sheep because of 
lack of effect. The remaining six sheep received 10, 20, 
and 30 ug/kg/min nicotine on the day of the experi- 
ment. The time interval between doses ranged between 
5 and 10 minutes, during which time parameters were 
allowed to return to baseline values. Doses were admin- 
istered as increasing concentrations, thus representing 
an accumulative dose response curve because circulat- 
ing levels of nicotine may remain elevated between 
doses. 

Waveform analysis. Umbilical blood flow waveforms 
were analyzed as systolic/diastolic ratios (maximum of 
the umbilical blood flow over the cardiac cycle divided 
by the minimum value) before nicotine infusion and 
during the.last minute of each infusion as described 
previously.'* '° In brief, umbilical blood flow was re- 
corded at the speed of 25 mm/sec. Pulsatile recordings 
were obtained by setting the low-pass cutoff frequency 
of the flowmeter to either 30 or 100 Hz for 21 minute. 
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Fig. 1. Maternal and fetal blood pressure response to maternally administered nicotine. Nicotine 
significantly increased maternal blood pressure (upper panel) from baseline of 79 + 2 to 121 + 9 mm 
Hg at highest dose (analysis of variance, p = 0.0001) and significantly increased fetal blood pressure 
(lower panel) from baseline of 55 + 3 to 69 + 3 mm Hg (analysis of variance, p = 0.0156). For dose 
20 we/kg/min, n = 6. For saline solution and all other doses, n = 9. 


Blood flow was also recorded at 3.1 Hz to determine the 
umbilical blood flow average over the cardiac cycle. 
Peak systolic and minimum diastolic values were mea- 
sured across a period of =10 to 15 seconds (10 to 20 
cardiac cycles), during which systolic and diastolic val- 
ues did not vary by > 20%. 

Statistical analysis. Data were analyzed with analysis 
of variance, with repeated measures across dose. Values 
reported are mean + SEM. Because only the highest 
dose of nicotine (30 g/kg/min) altered umbilical blood 
ilow and calculated umbilical vascular resistance, these 
doses were compared with values obtained during the 
saline infusions by using the paired ¢ test (p < 0.05). 
Because systolic/diastolic ratios are not normally distrib- 
uted, differences between the values obtained during 
the saline infusion and during the 30 j1g/kg/min dose of 
nicotine were compared by using the Wilcoxon test for 
matched pairs. 


Results 


The fetal and maternal hemodynamic responses to 
maternal infusions of nicotine are shown in Figs. 1 
through 3 and Table I. Nicotine infusion into the 
maternal vena cava led to significant dose-related in- 
creases in maternal blood pressure (Fig. 1, upper panel) 
from a baseline of 79 + 2 to 121 + 9 mm Hg at the 
highest dose (analysis of variance, p= 0.0001) and 
significantly increased fetal blood pressure (Fig. 1, lower 
panel) from a baseline of 55 + 3 to 69 + 3 mm Hg 
(analysis of variance, p = 0.0156). 

Uterine blood flow and uterine vascular resistance 
responses to maternally administered nicotine are 
shown in Fig. 2. Nicotine produced significant de- 
creases in uterine blood flow (analysis of variance, 
p = 0.0003) from 1237 + 77 to 719 + 91 ml/min and 
significantly increased uterine vascular resistance from 
0.066 + 0.004 to 0.222 + 0.066 mm Hg/ml (analysis of 
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Fig. 2. Uterine blood flow and uterine vascular resistance response to maternally administered 
nicotine. Nicotine produced significant decreases in uterine blood flow (analysis ef variance, 
p = 0.0003) from 1237 + 77 to 719 +91 ml/min and significantly increased uterine vascular 
resistance from 0.066 + 0.004 to 0.222 + 0.066 mm Hg/ml (analysis of variance, p = 0.0095). For 
dose 20 pg/kg/min, n = 6. For saline solution and all other doses, n = 9. 


Table I. Maternal and fetal effects of maternal intravenous nicotine infusion 


10 pg/min/kg 20 ughninfkg 30 pg/minfkg 


Maternal effects 


Heart rate (beats/min) 106 + 3 100 + 8 109 + 4 113 + 7 
Pog (mm Hg) 104.7 + 3.8 105.3 + 3.7 107.9 + 4.2 103.2 + 4.3 
Pcog (mm Hg) 26.6 + 2.0 26.6 + 2.3 28.5 + 2.0 27.3 + 1.7 
pH 7.480 + 0.007 7.481 + 0.007 7.489 + 0.008 7.492 + 0.007 
Oxygen content* (vol %) 11.0 + 0.5 10.9 + 0.3 12.2 Æ TA 13.4 + 0.5 
Fetal effects 
Heart rate (beats/min) 174 +5 173 +5 160 + 5 153 + 6f 
Systolic/diastolic blood flow ratiost 2.37 + 0.13 2.41 + 0.12 2.47 + 0.21 2.75 + 0.23 
Pog 20.5 + 0.7 21.4 + 1.0 21.8 + 0.8 21.1 + 0.8 
Oxygen content* 5.9 + 0.4 5.9 + 0.4 6.107 6.4 + 0.5 
PCO, 38.6 + 3.6 38.1 + 3.6 39.5 + 3.7 35.8 + 3.0 
pH 7.377 + 0.008 7.388 + .013 7.392 + 0.013 7.389 + 0.010 


Values are mean + SEM. Values are n = 9 except for those at 20 wg/min/kg dose, where n = 6. Cardiovascular parameters were 
measured over the last 2 minutes of infusion; blood gas values were taken during sixth minute of infusion. 

*n = 6. 

tn = 8. 

tSignificantly (p < 0.05) different from saline solution value. 
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Fig. 3. Umbilical blood flow and umbilical vascular resistance response to maternally administered 
nicotine. Maternal nicotine administration produced a decrease in umbilical blood flow from a 
baseline of 554 + 37 to 449 + 52 ml/min, which was only significant at the 30 yg/kg/min dose 
(p < 0.05). Umbilical vascular resistance increased from a baseline of €.110 + 0.013 to 
0.161 + 0.020 mm Hg/ml, which was significant only at the 30 wg/kg/min dose (p < 0.05). For dose 
20 wg/kg/min, n = 6. For saline solution and all other doses, n = 8. 


variance, p = 0.0095). On a percent change basis, uter- 
ine blood flow decreased by 42%, and calculated uterine 
vascular resistance increased by as much as 344% at the 
highest doses tested. In contrast, maternal heart rate 
(Table I) was not significantly altered. 

Umbilical blood flow and umbilical vascular resis- 
tance responses to maternally administered nicotine are 
shown in Fig. 3. On the average maternal nicocine 
administration produced a modest decrease in um)ili- 
cal blood flow from a baseline of 554 + 37 to 449 + 52 
r/min in the eight animals in wnich responses could be 
recorded. These changes were only significant at the 30 
wg/kg/min dose {p < 0.05). Of the eight animals szud- 
ted, five showed a decrease in umbilical blood flow of 
53% (533 + 58 to 356 + 31 ml/min), and the remain- 
ing three animals showed no change (589 + 19 to 
604 + 52 ml/min). Umbilical vascular resistance in- 


creased in all animals from a baseline of 0.110 + 0.013 
to 0.161 + 0.020 mm Hg/ml, but this was significant 
only at the 30 wg/kg/min dose (p < 0.05). Fetal heart 
rate (Table I) decreasec in a dose-related manner 
(analysis of variance, p = 0.0257). 

No significant changes in maternal or fetal arterial 
pH, Pog, or Pcog could be observed during nicotine 
infusion (Table I). There was a significant correlation 
between umbilical systolic/diastolic ratios and umbilical 
blood flow ( = —0.55, p < 0.05) during baseline and 
the infusion of nicotine. This relationship can be de- 
scribed as systolic/diastolic ratio = 3.234 — 0.00159 
(umbilical blood flow [n-J/min]). Umbilical systolic/di- 


-astolic ratios were measured in seven animals, four of 


which showed decreases in umbilical blood flow associ- 
ated with an increase in systolic/diastolic ratios (2.30 + 
0.13 to 3.04 + 0.32) at the 30 pg/kg/min dose nicotine. 
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The other three animals had no change in umbilical 
blood flow or in systolic/diastolic ratios (2.53 + 0.25 to 
2.36 + 0.21). Using the nonparametric Wilcoxon test 
for matched pairs we were unable to show any signifi- 
cant differences between either the combined group of 
seven animals or the group of four animals with in- 
creased systolic/diastolic ratios. 


Comment 


Smoking during pregnancy has been clearly associ- 
ated with decreased birth weight.” One factor that may 
lead to diminished fetal growth is decreased uterine or 
placental blood flow. Acute reductions in uterine blood 
flow produced by nicotine and vascular occluding de- 
vices have been shown to produce fetal hypoxia in the 
ovine fetus.” '* 7 Earlier studies by others* °? have 
shown that fetal hypoxia and acidosis, which were ob- 
served during maternal administration of nicotine, were 
the result of the effects of nicotine on the uterine 
circulation rather than the effects of nicotine after 
placental transfer because hypoxia and acidosis were 
observed only during maternal administration of nico- 
tine and not during direct fetal administration. In both 
of these studies much higher doses of nicotine were 
used (0.14 to 1.0 mg/kg given as boluses) than in our 
study (10 to 30 wg/kg/min). In our study fetal oxygen 
levels (Paog and oxygen content) did not significantly 
change in response to nicotine. It is not clear why fetal 
blood gas changes were not observed in the face of a 
reduction of 42% in uterine blood flow; one explana- 
tion is that the increase in maternal oxygen content 
observed in our study may have been adequate to 
maintain oxygen delivery to the uterus: The mechanism 
of the increase in maternal oxygen content is unclear, 
but was consistently seen. One possible explanation is 
an increase in the hematocrit in response to increasing 
doses of nicotine, but this possibility has not been 
investigated. 

It is clear that a direct link exists between diminished 
uterine blood flow and birth weight; that smoking may 
affect uterine blood flow is supported by the observa- 
tions that when smoking is discontinued before the 
fourth month of pregnancy, and in some studies as late 
as the eighth month, fetal growth approaches nor- 
mal.’* 1° Because 75% of fetal growth occurs in the third 
trimester, reduced uterine or placental blood flow have 
their greatest effect at this time.” It must also be 
realized that smoking exposes the mother and fetus to 
many different agents in addition to nicotine and that 
the effects of smoking cessation on fetal growth may not 
be limited to increases in uterine blood flow alone. 

Clinical studies present several major problems: First, 
it is difficult to control the dose of nicotine that the 
mother receives during smoking, and second, it is 
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difficult to determine fetal hemodynamics other than 
heart rate because of the invasive procedures required 
to measure variables such as umbilical blood flow and 
arterial pressure. Because of these problems the chron- 
ically instrumented maternal and fetal sheep prepara- 
tion has become a widely used animal model for the 
study of maternal and fetal hemodynamics during preg- 
nancy. In this model we can repeatedly measure mater- 
nal and fetal arterial pressure and heart rate and 
uterine and umbilical blood flows, and we can directly 
determine umbilical arterial waveforms. We have there- 
fore used this preparation to determine how adminis- 
tration of nicotine to the mother affects fetal hemody- 
namics and uterine blood flow. 

As in previous studies in sheep and monkeys, nicotine 
significantly increased maternal arterial pressure and 
decreased uterine blood flow.*"' In our investigation 
maternal administration of nicotine increased both ma- 
ternal and fetal mean arterial pressure and decreased 
fetal heart rate significantly. These results suggest 
that the ovine fetus may be equally as sensitive as the 
mother to the hemodynamic effects of nicotine. At the 
highest dose of nicotine used in this investigation (30 
wg/min/kg) nicotine also significantly decreased umbil- 
ical blood flow. 

In our study maternally administrated nicotine (30 
wg/min/kg) produced a 42% decrease in uterine blood 
flow and produced only a 19% decrease in umbilical 
blood flow. The uterine vasoconstrictive effect of nico- 
tine in sheep has been attributed primarily to catechol- 
amine release® '°; however, this is most probably not the 
mechanism in the fetus because the umbilical vascula- 
ture of the sheep is not sensitive to norepinephrine.” 
The mechanism for the decrease in umbilical blood flow 
and the increase in umbilical vascular resistance is 
currently unclear. Nicotine has been shown to release 
vasopressin, a potent constrictor of the umbilical circu- 
lation, in rats and humans.**** However, in our study no 
attempts were made to block the umbilical vasoconstric- 
tion with antagonist of vasopressin.” The fetal mecha- 
nism could also be the effect of nicotine on endothelial 
cell production of vasodilators such as prostaglandins. 
Smoking is known to reduce the ability of endothelial 
cells from human umbilical veins to produce prosta- 
cyclin in culture”; however, it is not clear as to whether 
these changes occur acutely or whether these changes 
in prostacyclin synthesis would alter umbilical blood 
flow. 

Previously we have demonstrated in the ovine fetus 
that umbilical blood flow and umbilical systolic/diastolic 
ratios are inversely related.’* '° As umbilical blood flow 
increases with gestation there is a proportional decrease 
in systolic/diastolic ratios. However, during acute in- 
creases in umbilical vascular resistance induced by fetal 
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intravenous infusion of angiotensin II, arginine vaso- 
pressin, norepinephrine, and serotonin, systolic/dia- 
stolic ratios did not change in a direction indicating an 
increase in umbilical vascular resistance; in the case of 
norepinephrine, systolic/diastolic ratios decreased with 
increasing umbilical vascular resistance. Only one of the 
substances tested, the thromboxane A, mimetic 
U46619, caused systolic/diastolic ratios to increase as 
umbilical vascular resistance increased.’° 

In our study umbilical blood flow and systolic/dia- 
. stolic ratios were significantly ccrrelated, which con- 
firms our previous observations. ™ '° Systolic/diastolic 
ratios tended to rise in sheep, which responded to 
maternal nicotine infusions with decreases in umbilical 
blcod flow, and did not change in animals whose uri- 
bilical blood flow was not affected by nicotine. However, 
these changes were not significant. 

On the basis of changes in umbilical blood flow 
velocity waveforms, Morrow et al.'* concluded that um- 
bilical blood flow decreased during maternal admin:s- 
tration of nicotine, whereas Lindblad et al.”° reported 
that umbilical blood flow velocity pulsatility index de- 
creased and umbilical blood flow, determined by Dopp- 
ler measurements of vessel diameter and velocity, m- 
creased during maternal smoking. Our results from the 
sheep, in which umbilical blood flow could be directly 
measured by a flow probe, support the conclusion of 
Morrow et al.'* that maternal nicotine administration 
produces a decrease in umbilical blood flow. ‘The larger 
increase in umbilical systolic/diastolic ratios seen by 
Morrow et al.'* compared with our study may be the 
result of a difference in the sensitivity of human and 
sheep umbilical vascular beds to the effects of nicotine. 

Previously, Resnick et al.” determined the dose of 
nicotine in sheep necessary to >roduce ovine plasma 
levels similar to those observed in human smokers. In 
sheep this dose failed to alter blood pressure, uterine 
blood flow, and plasma catechalamine levels. In con- 
trast, when doses similar to those used in our investi- 
gation were used (14 to 32 g/min/kg), blood pressure 
increased, uterine blood flow was significantly de- 
creased, and these responses appeared to be mediated 
through catecholamine release because they could be 
blocked by a-adrenergic blockers."? On the basis of 
these studies, it appears that the sheep require higher 
plasma levels of nicotine to reproduce cardiovascular 
effects normally seen in humans after smoking or nic- 
otine administration. 

In summary, nicotine produced significant changes in 
fetal mean arterial pressure, heart rate, and umbilical 
-lood flow at doses that had similar effects on maternal 
hemodynamics. Maternal responses included a signifi- 
cant increase in maternal mean arterial pressure and a 
decrease in uterine blood flow. Systolic/diastolic ratios 
increased slightly when umbilical blood flow decreased 
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in response to nicotine, thus accurately reflecting the 
change in umbilical circulation. 
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The concentration of estrogen receptors in rabbit uterine 


myocytes decreases in culture 


Yoel Sadovsky, MD, R. Kirk Riemer, PhD, and James M. Roberts, MD 


San Francisco, California 


OBJECTIVE: The purpose of this study was to determine whether the concentration of estrogen 


receptors in cultured myocytes is preserved after dispersion. 


STUDY DESIGN: Primary myocytes were prepared from rabbit myometrium by collagenase dispersion 
after removing the endometrium and were isolated with Percoll density gradients. The cells were assayed 
for estrogen receptor concentration at intervals after dispersion by means of a whole-cell binding assay. 


Unpaired f test was used for comparisons. 


RESULTS: The concentration of estrogen receptors on the first day after dispersion was 12,058 + 1096 
sites per cell (mean + SEM) and decreased to 4389 + 1223 site per cell within 9 to 14 days after 
dispersion (63% decline, p < 0.001). A similar decrease was observed when 2 nmol/L estradiol was 


present in the medium. 


CONCLUSION: The concentration of estrogen receptors in isolated rabbit uterine myocytes decreases 
after dispersion. This may partly explain the difficulty of demonstrating in vitro estrogen effects on 
myocytes, which are well established in vivo. (Am J Ossrer Gynecot 1992;167:1631-5.) 


Key words: Rabbit uterine myocytes, estrogen, estrogen receptors 


Estrogen has an important role in regulation of 


uterine growth and differentiation. Endogenous estro- 
gen levels or estrogen administration to animals of 
several species enhance mitogenesis” * and regulate the 
concentration of uterine proteins. Examples include 
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_ B-adrenergic pathways, 


progesterone receptors,* * enzymes such as creatine 


kinase B," oncogenes, and growth factors such as epi- 
dermal growth factor and its receptors.” ° Estrogen 
also regulates myometrial contractile functions, demon- 
strated by the positive effect of estrogen on a,- and 
Qo-adrenergic pathways,” '° the negative effect on 
€ and the increase in oxytocin 
receptors and gap junction concentration in response 
to estradiol administration. > " 

Understanding the cellular mechanisms underlying 
estrogen effects would be facilitated by an estrogen 
responsive in vitro system, which could test whether 
specific estrogen effects are direct or dependent on 
endocrine, paracrine, or autocrine mediators. However, 
estrogen effects on primary myocytes in vitro have been 
difficult to demonstrate. Because estrogen responsive- 
ness of isolated myocytes depends on the maintenance 
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of estrogen receptor concentration in these cells, we 
determined whether estrogen receptor concentration in 
isclated cultured primary myocytes is preserved after 
dispersion, and we report a decrease in these receptors 
during culture. 


Material and methods 

Preparation of myocytes. Six mature, nonpregnant 
New Zealand White female rabbits were used for the 
study. The animals were treated for 4 days with dazily 
injections of 50 mg/kg estradiol benzoate. On the fifth 
day the animals were killed by overdose of pentobar- 
bital sodium (100 mg/kg given intravenously), and the 
uteri were removed under sterile conditions and placed 
briefly in ice-cold Hanks’ balanced salt solution. Each 
uterine horn was stripped of fat znd mesentery, and was 
opened longitudinally; the endcmetrium was removed 
by scraping. The myometrial tissue was vigorously 
washed and minced to pieces of 1 to 2 mm, and che 
minces were resuspended in 20 ml of Dulbecco’s mod- 
ified Eagle’s medium with 4.5 gm/L glucose, 50 mmcl/L 
(N-[2-hydroxyethyl]piperazine-N’ -[2-ethanesulfonic 
acid]) (pH 7.4), 0.05% bovine serum albumin 5 mg‘ml 
insulin, transferrin, 5 ng/ml seler.ium (Sigma, St. Louis), 
1% penicillin and streptomycin, and 500 ng/ml Fungi- 
zone. The medium also contained collagenase II 
(1 mg/ml) and IV (1 mg/ml) (Boehringer Mannheim, 
Indianapolis) and 0.1 mg/ml deoxyribonuclease (Bceh- 
ringer Mannheim, Mannheim, Germany). The minces 
were incubated in this medium at 37° C with continuous 
särring. Intact minces remaining after 4 hours’ incuba- 
tion were subjected to repeat dizestion for 4 additional 
hours. . 

The dispersed cells were ccllected and pooled in 
Hanks’ balanced salt solution, washed, then resus- 
pended in 8 ml of Hanks’ balanced salt solution con- 
taining 0.5 mg/ml bovine serum albumin and 100 
mg/m! deoxyribonuclease. Aliquots of 1 ml were loaded 
onto 8 ml gradients of 35% Percoll (Sigma) diluted with 
Hanks’ balanced salt solution that contained the same 
concentration of bovine serum albumin and deoxyribo- 
nuclease. The gradients were preformed by centrifuga- 
tion at 30,000g for 15 minutes. Myocytes were sepa- 
rated from red blood cells and debris by centrifugztion 
at 2000g and washed, and then the number of v:abie 
cells was determined by trypan blue dye exclusion. 
Viability was > 80%. . 

The harvested cells were plated in 24-well plates 
(Falcon, Becton Dickinson and Co., Lincoln Park, N.J.) 
in Dulbecco’s modified Eagle’s medium containing 10% 
fetal calf serum, 100 ng/ml insulin, 1% penicillin and 
streptomycin, and 500 ng/ml Fungizone and incubated 
at 37° C in a humidified atmosphere of 95% air and 
5% carbon dioxide with medium changes every 3 
days. To suppress fibroblast proliferation, p-valine (9.4 
mg/ml) was substituted for -valine in the culture me- 
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dium.’* In some experiments 2 nmol/L estradiol (Sig- 
ma) in ethanol was added to the medium, keeping 
ethanol concentration <= 0.1%. One day before estrogen 
receptor assay, the cells were washed and the medium 
changed to phenol red—free Dulbecco's modified 
Eagles medium containing 10% charcoal dextran- 
treated fetal calf serum. 

Estrogen receptor-binding assay. All binding assays 
were performed in 24-well plates. Estrogen receptor 
concentration was determined in triplicate by means of 
a whole-cell binding assay. described by Taylor et al." 
The medium was replaced by phenol red—free Dulbec- 
co’s modified Eagle’s medium containing 0.1% bovine 
serum albumin and 1 nmol/L tritiated estradiol (specific 
activity 92.5 Ci/mmol, Du Pont, Boston) in the presence 
or absence of 100 nmol/L unlabeled estradiol, to deter- 
mine nonspecific binding. The concentration of triti- 
ated estradiol is at least five times the measured disso- 
ciation constant for the receptor, and thus sufficient to 
saturate available receptors. After 90 minutes of incu- 
bation at 37° C, the medium was changed to phosphate 
buffered saline solution with 0.5% bovine serum albu- 
min for 30 minutes at room temperature. The cells 
were washed twice in ice-cold phosphate-buffered saline 
solution, and the labeled ligand was extracted with 
100% ethanol and counted by liquid scintillator (Beck- 
man, Irvine, Calif.). Nonspecific binding was 40% to 
60% of total binding, with a higher fraction of nonspe- 
cific binding when receptor concentration was low. The 
validity of determining receptor density increase with 
a single concentration of radioligand was confirmed by 
saturation analysis, in which the cells were incubated 
with increasing concentrations (0.015 to 2.5 nmol/L) of 
radioligand, and receptor concentration was deter- 
mined by means of a ncnlinear, iterative, curve-fitting 
program.’* 
` For cell counts the mvocytes were diluted in trypan 
blue—containing buffer, and viable cells, which excluded 
the dye, were counted with a hemocytometer. Viability 
was > 80%. Results were calculated as receptor sites per 
cell. Data are presented as mean + SEM. For compar- 
isons unpaired two-tailed ¢ test was used. Significance 
was determined at p < 0.05. 

The study was approved by the Committee on Animal 
Research at The University of California, San Francisco, 
and the institutional guidelines for the care and use of 
the animals were followed. 


Results 

We measured estrogen receptor concentration on 
days 1, 3, 6, 9, and 14 after dispersion. The results for 
each of the six rabbits, showing a variable rate of 
estrogen receptor concentration decline during culture, 
are depicted in Fig. 1. Mean receptor concentrations 
after 1 day in culture and at time of maximal decrease 
is shown in Fig. 2. The mean concentration of estrogen 


Volume 167 Estrogen receptors in cultured-uterine. myocytes 1633 
Number 6 : 


15000 


10000 


receptors (sites/cell) 


5000 





Estrogen 


0 3 6 9 12 15 18 


Days after dispersal 


Fig. 1. Concentration of estrogen receptors (expressed as sites per cell) in cultured rabbit uterine 
myocytes, measured at intervals after dispersion. Each line represents one animal (n = 6). 
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Fig. 2. Mean estrogen receptor concentration (expressed as sites per cell) measured in cultured 
rabbit myocytes on the first day and the lowest concentration measured between 9 and 14 days after 
dispersion, in the absence (p < 0.001, n = 6) or presence (p < 0.025, n = 3) of estradiol (E2) 
(2 nmol/L) in the medium. Difference between two lowest measured concentrations was not significant 


(p = 0.47). 

receptors 24 hours after dispersion was 12058 + 1096 receptor concentration measured between 9 and 14 
sites per cell and decreased to a mean of 4389 + 1223 days after dispersion. We also verified the concentration 
sites per cell (63% decline, p < 0.001). Because of the of estrogen receptors on days | and 14 after dispersion 


variable rate of decline, this value reflects the lowest in representative experiments with saturation isotherms 
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and found a concentration decrease from 10713 to 
3392 sites per cell, in good agreement with the single- 
point assays. 

Because all rabbits were treated with estradiol before 
dispersal, we determined whether withdrawal from es- 
trogen was responsible for this receptor concentration 
decrease. We performed experiments in three rabbits in 
which estradiol (2 nmol/L) was added to the culture 
medium and compared this with cells cultured without 
estradiol. The results are shown in Fig. 2. Estrogen 
receptor concentration again decreased during 14 days 
in culture, from 12,423 + 1459 to 5864 + 1174 sites 
per cell (52% decline, p < 0.02&). Maximum decrease 
measured was similar to the decrease in cultures with- 
out added estrogen (p = 0.47). 

Estrogen receptor concentration did not correlate 
with the degree of cellular confluence, which ranged 
from. 150,000 to 400,000 cells per well in the assay. To 
verify that the myocytes were not overgrown by fibro- 
blasts, cultured cells were stained for a-smooth muscle 
actin after 10 days in culture. The vast majority of the 
cells stained positive, confirming the preponderance of 
myocytes over other cell types. 


Comment 


Although the effects of estrogen on myometrial 
growth and differentiated responses have been exten- 
sively demonstrated in vivo, similar effects have been 
difficult to reproduce in isolated myocytes. In this study 
we propose one mechanism for this difficulty. Our 
results show that estrogen receptor concentration in 
isolated rabbit myocytes declines in culture, reaching a 
third of the initial level within 2 weeks. This decline was 
not prevented by the presence of 2 nmol/L estradiol in 
the culture medium, suggesting that the lower receptor 
concentration cannot be explained by withdrawal from 
endogenous estrogen. The concentration of estrogen 
receptors found in the first day after dispersion was 
consistent with the value reported by others,'” ° and 
this concentration was similar whether the receptor 
concentration was measured in plated cells or in iso- 
lated cells before plating (results not shown). 

Although Katzenellenbogen and Gorski’? have found 
an 82% decrease in the ability of estrogen to induce a 
specific protein in mixed rat uterine cell cultures by 8 
hours, Krosl et al.” have found in a similar preparation 
that estrogen receptor concentration declined by 75% 
within only 2 to 3 weeks. Sumida and Pasqualini,” 
studying fetal guinea pig myometrial-stromal cells, re- 
ported that estrogen responsiveness declined by 80% 
within 16 days in culture. In addition to species differ- 
ences, the variability in the ability to maintain func- 
tional receptors may depend on medium components, 
_ frequency of medium changes, and interval between 
dispersion and measurement, as demonstrated by Kas- 
sis et al.” 
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In our experiments we used isolated myocytes, be- 
cause other uterine cell types may complicate the sys- 
tem by virtue of their own estrogen receptors.'* 7 
Moreover, uterine epithelium appears to enhance myo- 
metrial smooth muscle differentiation.” Therefore in- 
teraction of endometrial cells with myocytes may con- 
tribute to the maintenance of estrogen responsiveness. 
Nevertheless, the fact that others have found similar 
results with mixed cells makes it unlikely that removal 
of myocytes from paracrine interactions with epithelial 
cells explains the decrease in receptor concentration. 

In summary, the concentration of estrogen receptors 
in cultured rabbit myocytes decreases after dispersion, 
and this decrease was not prevented by added estradiol. 
Although the mechanism of receptor concentration 
decline is still unclear, it may partly explain the diffi- 
culty in demonstrating estrogen effects in cultured pri- 
mary myocytes in vitro. It should be noted, however, 
that several estradiol-induced responses we observed in 
vivo, such as an increase in oxytocin receptors” and 
adrenergic-mediated production of inositol phos- 
phates, were not demonstrated in vitro even within 1 
to 2 days after dispersion, before the expected decline 
in estrogen receptor concentration. This suggests 
therefore that paracrine interaction by endometrial or 
stromal cells may also be important for maintenance of 
estrogen responsiveness in cultured myocytes. 


We thank Dr. Alan Goldfien for careful reading and 


- thoughtful suggestions in the preparation of this manu- 


script. 
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Myometrial contractile responsiveness to oxytocin after 
dexamethasone suppression of circadian uterine activity in 
pregnant rhesus macaques during late gestation 


Charles A. Ducsay, PhD,* M. Gore Ervin, PhD,” Kanchan M. Kaushal, MS,” and i 
Toshihiko Matsumoto, MD* , 


Loma Linda and Torrance, California 


OBJECTIVE: This study was designed to determine if dexemethasone alters myometrial responsiveness 

to oxytocin or oxytocin secretion. 

STUDY DESIGN: Studies were conducted in rhesus macaques (n = 6), between 144 and 148 days’ 

- gestation (term 167 days). The first study was conducted at 9 am and repeated 36 hours later at 9 pm. At 

9 am the following morning a continuous maternal dexametnasone infusion (15 j.g/kg/hr given 

intravenously) was Initiated, and the study was repeated at 9 pm, 60 hours later. Four doses of oxytocin 

(500, 1000, 2000, and 4000 pg/kg/min) were administered as, 1-minute pulses every 5 minutes for 30 

minutes. The number of contractions per pulse (contraction/pulse ratio) was used to determine 

differences in myometrial responsiveness. 

RESULTS: Before dexamethasone infusion there was a circadian rhythm in uterine activity with peak 

contractile events between 8 and 10 pm (p < 0.01), whereas during infusion the rhythm was ablated. At 
oxytocin dose 1, the 9 am contraction/puise ratio (0.3 + 0.1) was lower than that for 9 pm (0.6 + 0.2) and 

for 60 hours later (0.6 + 0.1) (mean + SE, p < 0.05). Similar results were observed at dose 2, whereas 
no differences in the contraction/pulse ratio were noted at dose 3. Basal plasma oxytocin concentrations l 


were unaffected by dexamethasone treatment, whereas plasma estradiol and cortisol concentrations were 


reduced compared with control values (p < 0.01). 


CONCLUSIONS: (1) There is a diffe-ential sensitivity to oxytocin between morning and evening and (2) 
the dexamethasone-induced loss of the uterine contractile rhythm is not the result of a loss of myometrial 
sensitivity to oxytocin or to a suppression of plasma oxytocin concentrations. (Am J Oester GYNECOL 


1992:167:1636-41,) 


Key words: Uterine activity, oxyzocin, dexamethasone, rhesus macaque 


During the latter part of gestation the rhesus 


macaque displays a nocturnal rhythm in uterine cən- 
tractile activity, which gradually culminates in labor and 
delivery.'* Coupled with this pattern are distinct 
rhythms in progesterone, estraciol, and cortisol secre- 
tion in the mother” ° and progesterone and dehydro- 
epiandrosterone sulfate in the fetus.” We have previ- 
ously shown that maternal dexamethasone treatment 
eliminates the patterns of uterine contractile’ activ-ty.” 
In addition, there is’ a suppression of basal steroid 
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secretion’ and. an ablation of hormonal secretory 
rhythms.° The causal mechanisms of these rhythms and 
their potential role in the initiation of labor remain 
undefined. : 

The, stimulatory effects of oxytocin on myometrial 
contractility are well documented. Recent studies have 
demonstrated a nocturnal increase in myometrial sen- 
sitivity to the effects of oxytocin in the rhesus macaque.” 
Further, there is evidence for a nocturnal rise in circu- 
lating plasma oxytocin concentrations.* ° Taken to- 
gether, these data suggest a role for changes in oxytocin 
sensitivity or plasma oxytocin concentrations in the 
regulation of rhythms in myometrial contractility. The 
current study was designed to test the hypothesis that 
dexamethasone-induced ablation of'the circadian 
rhythm in uterine activity is caused by decreased myo- 
metrial oxytocin sensitivity or by inhibition of oxytocin 
secretion. 


Methods 
Animals and surgical procedures. Six rhesus 
macaques (Macaca mulatta) of known gestational age 
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were acclimated to 12 hours light per day (lights on 
7 aM to 7 pm). The animals underwent surgery between 
117 and 123 days’ gestation (term 166 days) by meth- 
ods previously described." ° Briefly, catheters were im- 
planted into a maternal femoral artery and vein and in 
the amniotic fluid cavity. After surgery the animals were 
maintained in a primate vest-and-tether system to 
which they were previously acclimated.'® All surgical 
and experimental procedures were approved by the 
institutional animal care and use committee. 

Uterine activity measurements. Uterine contractile 
activity, quantified as changes in intraamniotic fluid 
pressure, was continuously monitored throughout the 
study by a pressure amplifier on an eight-channel 
recorder interfaced with an IBM-AT computer with a 
12-bit analog-to-digital converter. The data acquisition 
software is driven by the AT computer's real-time clock 
and a sampling rate of 16 Hz. An exponential filter with 
a user-defined time constant is applied to the digitized 
signal, and the output of this filter is regarded as 
baseline. The time constant enables the system to react 
to slow baseline shifts. The input and output of this 
filter are continuously compared. A contraction is re- 
corded each time input minus output is greater than a 
specified threshold of 2 to 4 mm Hg for a defined 
duration. Contraction amplitude, duration, time to 
peak amplitude, and integrated contraction area were 
recorded for each contraction. The real-time data ac- 
quisition system and software used were described else- 
where in detail.” ©’ 

Uterine activity data were analyzed as previously 
described.’ The total contraction area for each hour of 
the day, defined as the hourly contraction area, was 
used to quantify uterine activity and evaluate character- 
istics of the contractile rhythm. The mean hourly con- 
traction area for each animal was defined as the sum of 
the hourly contraction areas divided by the total num- 
ber of hours of monitoring during each phase of the 
study. The hourly contraction area/mean hourly con- 
traction area ratio was derived for each hourly interval 
during a 24-hour cycle. | | 

Study protocol. The oxytocin pulse studies (modified 
from Honnebier et al.’) were initiated between days 144 
and 148 of gestation at three different times: (1) at 9 am, 
(2) at 9 pm (36 hours after first study), and (3) at 9 pm 60 
hours after the start of a continuous maternal dexa- 
methasone infusion (15 wg/kg/hr), which was initiated at 
9 am the morning after the second challenge. 
= At each of the times listed above 1-minute oxytocin 
pulse injections were administered every 5 minutes over 
30 minutes at the following dose levels: 500, 1000, 
2000, and 4000 pg/kg/min. To assess the effectiveness 
of the oxytocin treatment during the pulse studies, a 
contraction-to-pulse ratio was calculated. After a 2-hour 
control period of uterine activity recording, the number 
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of contractions recorded was divided by the number of 
pulses administered at that dose for each 30-minute 
infusion period. If more than four contractions oc- 
curred in response to a dose, the oxytocin challenge 
was terminated immediately after the remaining pulses 


for that dose were administered. Mean values for con- 


traction amplitude, duration, and area were also calcu- 
lated to delineate any possible differences in contractile 
characteristics. 

For determination of uterine activity rhythms, uterine 
activity data were collected continuously for 3 days 
before the start of dexamethasone treatment and dur- 
ing the 3 days of dexamethasone infusion. In both cases 
the data collected during the 30 minutes of oxytocin 
challenge and 90 minutes afterward were excluded 
from the calculations. . 

Sample collection and radioimmunoassays. Blood 
samples for oxytocin, estradiol, and cortisol determina- 
tions (2.0 ml) were collected at 7:30 am and 7:30 pm 
during the control period. Additional samples were 
collected at 7:30 am and 7:30 pm on the third day of 
dexamethasone treatment. All samples were collected 
in chilled tubes containing sodium ethylenediaminetet- 
raacetic acid and centrifuged immediately, the plasma 
separated and stored at —70° C until analyzed. 

Plasma oxytocin sample extraction and radioimmu- 
noassay were performed as previously reported’® '* with 
modification to include oxytocin elution with 80% 
methanol. Sensitivity of the assay is 0.5 pg per tube; 
interassay and intraassay coefficients of variation aver- 
age 12% and 7%, respectively. 

Plasma estradiol and cortisol radioimmunoassays 
were performed as previously described and validated." 
The intraassay and interassay coefficients of variation 
were <13% for both assays. ° 

Statistical analysis. Uterine activity data (hourly con- 
traction area/mean hourly contraction area ratio) dur- 
ing control and dexamethasone treatment were ana- 
lyzed for the presence of a rhythm by analysis of 
variance. Duncan’s multiple range test was used to 
determine which hours of the day over a 24-hour cycle 
were different. Plasma hormone concentrations were 
compared with treatment by analysis of variance, and 
Duncan’s multiple range test was used for individual 
comparisons when the variance ratio (F) was statistically 
significant (p < 0.05). 


Results 


The patterns of uterine contractility (hourly contrac- 
tion area/mean hourly contraction area) observed in the 
six animals before and after dexamethasone adminis- 
tration are illustrated in Fig. 1. The upper panel shows 
the typical contractile rhythm observed during the con- 
trol period, which includes a nocturnal rise in contrac- 
tile activity between 8 and 10 pm, during periods of 
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‘- Fig. 1. Mean uterine activity (hourly contraction area/mean 


_ hourly contraction area [/HCA:MHCA/) in pregnant rhesus 
macaques before and during dexamethasone treatment. Ut per 
panel, Typical circadian contractile rhythm observed during 
ccntrol period, with peak activity after lights off (asterisk, 
p < 0.01, compared with lights on). In contrast, during ma- 
ternal dexamethasone treatment, tke contractile rhythm was 
ablated (lower panel). Periods of dzrkness are illustrated by 
horizontal bar in each figure. Hours refer to 24-hour clock. 


darkness (indicated by the dark horizontal bar). The 
hourly contraction area/mean hourly contraction area 
ratio was significantly elevated during lights off 
(p < 0.01, compared with lights on). In contrast, ma- 
ternal dexamethasone infusion. ablated the nocturnal 
rise in hourly contraction area and mean hourly con- 
traction area observed under control conditions (lawer 
panel of Fig. 1). 

Changes in myometrial contractile responsiveness 
with respect to time of day and dexamethasone treat- 
ment are shown in Fig. 2. The contraction-to-pulse 
ratio was greater at night than during the morning 
ip < 0.05) at the lower oxytocin doses (500 and 1000 
pg/kg/min). At the next dose (2000 pg/kg/min), how- 
ever, no difference was observed. Similarly, a significant 
increase in the contraction-to-pulse ratio was observed 
compared with the morning challenge during dexa- 
methasone treatment (60-hour challenge) (p < 0.05) 
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(Fig. 2). The night and 60-hour challenge contraction- 
to-pulse ratios were not different. There was no effect of 
time of day or dexamethasone treatment on any other 
contraction parameters measured during the oxytocin 
pulses (i.e., amplitude and duration, Table 1). 

Another measure of myometrial sensitivity is illus- 
trated in Table II. By the previously defined criteria all 
had fewer than four contractions during the 500 pg 
dose. However, as the dosage increased, fewer animals 
continued with the higher pulse doses. In agreement 
with the contraction/pulse data in Fig. 2, fewer animals 
reached ‘the higher treatment doses during night and 
60-hour challenge than during the morning. This is the 
reason for the lack of contraction/pulse data at the 4000 
pg oxytocin dose (Fig. 2). 

Plasma oxytocin concentrations in samples collected 
at 7:30 am and 7:30 pm during the control period were 
not different (Table HI). Maternal dexamethasone in- 
fusion had no effect on morning and night plasma 
oxytocin levels. . 

In contrast, dexamethasone treatment significantly 
altered plasma concentrations of estradiol and cortisol 
(Table IV). During the control period concentrations of 
both hormones were higher in samples collected in the 
morning than at night (p < 0.05). After dexametha- 
sone treatment these differences were eliminated. More 
important, after treatment concentrations of estradiol 
and cortisol were significantly reduced, compared with 
levels observed during the control period (p < 0.01). 


Comment 


The results of this study are consistent with previous 
work by our group" * “* and others” * that demonstrated 
the presence of uterine activity rhythms in pregnant 
rhesus macaques during late gestation. This rhythm is 
circadian in nature’* '° and entrained by photope- 
riod.'* '? However, the factors responsible for the gen- 
eration of this rhythm remain undefined. 

Previous studies have suggested that oxytocin may 
play a key role in the generation of uterine activity 
rhythms. Honnebier et al. and Hirst et al.” demon- 
strated a temporal relationship between nocturnal in- 
creases in uterine activity and maternal plasma oxytocin 
concentrations. Further studies showed a nocturnal in- 
crease in myometrial sensitivity to oxytocin in the preg- 
nant rhesus macaque during late gestation.’ The cur- 
rent study was designed to determine if suppression of 
uterine activity rhythms by maternal dexamethasone 
infusion’ was mediated through altered myometrial 
sensitivity to oxytocin or suppression of oxytocin se- 
cretion. 

Data from this study confirm our earlier observation 
that maternal dexamethasone treatment evokes 
marked suppression of the nocturnal uterine activity 
peak normally associated with the onset of darkness 
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Fig. 2. Effects of time of day and dexamethasone treatment on myometrial contractile sensitivity to 
oxytocin challenge., Bars with different superscripts are significantly different (p < 0.05). Contraction- 
to-pulse ratio was greater at night (PM) than during day (AM). Dexamethasone treatment did not 
alter necturnal sensitivity because 60-hour challenge (PM-DEX) and night values were not different. 
No data are shown for 4000 pg dose because only two animals during morning challenge were tested 
at that dose (see Table I). 





Table I. Uterine contraction parameters during oxytocin challenge 


l l Oxytocin dose 
500 pg/kg/min 1000 pg/kg/min 2000 pg/kg/min 
Amplitude Duration Amplitude Duration Amplitude Duration 
Treatment (mm Hg) (sec) (mm Hg) (sec) (mm Hg) (sec) 


Morning 6.4 + 0.5 15.8 + 2.4 7.8 + 0.5 "17.5 & 4.9 7.5 £0.9 17.4 + 3.5 
Night 74+ 1.5 13.2 2-50.60 7.8+ 1.3 122 4-2.9 7.6 + 1.0 137-2 Sl 
60 hr 6.5 + 1.1 10.7 + 0.8 6.3 + 0.9 11.4 + 3.1 6.5 + 1.2 14.6 + 5.5 


No effect of time of day or dexamethasone treatment was observed on either of the contraction parameters measured. All values 
represent mean + SEM. 


Table II. Number of animals completing each oxytocin challenge dose at different treatment times 


Oxytocin dose 
Treatment 500 pg/kg/min 1000 pg/kg/min 2000 pg/kg/min 4000 pg/kg/min 
Morning 6 6 4 | 2 
Night 6 6 3 0 
60 hr 6 4 3 0 


These data confirm the contraction-to-pulse ratio data illustrated in Fig. 2. All animals undergoing the oxytocin challenge test 
during the night or at 60 hr had four or more contractions before the 4000 pg dose, in contrast to two animals during the morning. 


(Fig. 1). Our study also confirms data from Honnebier was performed at night, after maternal dexamethasone 
et al.’ that demonstrated a greater sensitivity of the treatment, the contraction/pulse ratio was not different 
pregnant monkey myometrium to oxytocin challenge at from that observed at night during the control period 


night versus day. However, when the oxytocin challenge (Fig. 2). Thus the loss of the uterine activity rhythm 
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Table III. Basal plasma oxytocin 
concentrations during control period 
and dexamethasone treatment 





Control (pg/ml, mean + 4.1 + 0.4 4.3 + 0.6 
SEM) (n = 6) 

Dexamethasone (pg/ml, 4.3 + 0.6 3.4 + 0.2 
mean + SEM) 
(n = 6) 


No differences were observed between time of day or treat- 
ment. Dexamethasone treatment did not appear to affect 
plasma oxytocin concentrations at the times of day examined. 


after dexamethasone treatment was not the result of 
altered myometrial sensitivity to cxytocin. It also seems 
unlikely that the myometrial response observed during 
the 60-hour oxytocin challenge was the result of an 
increased sensitivity to earlier oxytocin exposure. Hon- 
nebier et al.’ observed that pretreatment with oxytocin 
doses tenfold higher than those used in the current 
study had no effect on the nighttime responses to 
oxytocin. Previous studies have also failed to demon- 
strate any evidence of down-regulation or decreased 
contractile responses to pulsatile oxytocin adminis- 
tration.” * 

Another possible explanation for the elimination of 
the nocturnal rise in uterine activity was that dexameth- 
asone treatment inhibited oxytocin secretion. However, 
in this study basal plasma oxytocin concentrations ap- 
peared to be unaffected by dexamethasone treatment 
(Table IID. Although it is possible that there was a 
suppression of oxytocin levels later at night, it seems 
unlikely, because prolonged (4 days) dexamethascne 
treatment actually increased rhesus monkey plasma 
oxytocin levels almost fivefold.’ This effect of dexa- 
methasone may be mediated by endogenous opiates, 
which have been demonstrated to attenuate oxytocin 
secretion both in vivo” and in vitro®™ and are them- 
selves inhibited by glucocorticoids.” Absence of an 
effect of dexamethasone on oxytocin levels is consistent 
with data in rats demonstrating that adrenalectomy has 
no effect on brain oxytocin content,” and neither 
adrenalectomy nor dexamethasone treatment affects 
oxytocin release into portal blood.” Taken together, 
these data do not support the hypothesis that the loss of 
circadian uterine activity after dexamethasone treat- 
ment is the result of a suppression of oxytocin se- 
cretion. . 

As observed in this study ard in previous repcrts, 
dexamethasone treatment decreases basal levels of both 
estradiol and cortisol’ and inhibits maternal steroid 
rhythms.* We have been unable to dissociate these 
rhythms from the uterine activity rhythm, *° which led 
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Table IV. Basal plasma estradiol and cortisol 
concentrations during control period 
and dexamethasone treatment 





Estradiol (pg/ml, - 
mean + SE) (n = 6) 
Control 234.3 + 28.9% 157.2 + 46.7 
Dexamethasone 85.2 + 19.2ł 52.6 + 16.9t 
Cortisol (ng/ml, 
mean + SE) (n = 6) 
Control 277.4 + 22.9% 128.0 + 19.5 
Dexamethasone 16.0 + 2.8T 16.6 + 2.5+ 


Dexamethasone treatment significantly reduced both 
plasma estradiol and cortisol concentrations during the study. 
Morning-to-night differences were also eliminated by dexa- 
methasone treatment. 


*Different from night value. p < 0.05. 
t Different from control, p < 0.01. 


us to postulate that the rhythms in steroid secretion are 
intimately linked to the uterine activity rhythm. The 
loss of the rhythm in estradiol may have profound 
effects on myometrial adrenergic receptors. Roberts et 
al. have shown that estrogen increases myometrial 
adrenergic receptors in as little as 12 hours. Further, 
myometrial contractile ser.sitivity to a-agonists in vitro 
is enhanced by estrogen treatment 12 hours earlier 
(Ducsay CA, Rhee JW, unpublished observations). 

Taken together, the observations suggest an alternate 
explanation for the loss of the uterine activity rhythm 
after dexamethasone treatment. Instead of effects on 
oxytocin responsiveness, dexamethasone-induced re- 
duction of basal estrogen levels’ and subsequent loss of 
the 24-hour rhythm in estradiol’ may alter myometrial 
responsiveness to other «1terotonins. Dexamethasone 
also may exert other potentially direct effects, including 
inhibition of norepinephrine secretion’” ** and increase 
in number and affinity of B-adrenergic receptors in 
some tissues.”” It is possible that dexamethasone may 
alter uterine activity by a direct effect on B-adrenergic 
agonist binding. 

In conclusion, maternal dexamethasone treatment 
resulted in ablation of the circadian uterine activity 
rhythm in the pregnant rhesus macaque. Although 
dexamethasone disrupted the nocturnal rise in uterine 
contractility, the mechanism of action does not appear 
to involve alterations in myometrial sensitivity to oxy- 
tocin or circulating oxytocin concentrations. Dexameth- 
asone treatment has a wide range of effects, including 
reduction of maternal and fetal estrogens, alteration of 
B-adrenergic agonist binding, and attenuation of cate- 
cholamine secretion. These are areas currently under 
investigation in our laboratory. 
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Effect of endothelin-1 on the uterine vasculature of the 
pregnant and estrogen-treated nonpregnant sheep 


Daseng Yang, MD, and Kenneth E. Clark, PhD 
Cincinnati, Ohio 


OBJECTIVE: This study was designed to evaluate the uterine vascular responses to endothelin-1 in 


pregnant and estrogen-treated nonpregnant sheep. 


STUDY DESIGN: Seven pregnant and five nonpregnant oophorectomized ewes received local uterine 
artery infusions of endothelin-1, noresinephrine, and phenylephrine. Arterial blood pressure, heart rate, 


and uterine blood flow were recorded. 


RESULTS: Endothelin-1 (0.01 to 3.0 g/min), norepinephrine (0.1 to 3 ug/min), and phenylephrine (0.1 to 
10 pg) produced significant dose-related decreases in uterine blood flow and increases in uterine 
vascular resistance. On a nanomoles infused per minute basis, endothelin-1 was much more potent than 
norepinephrine and phenylephrine as a uterine artery vasoconstrictor in both pregnant and nonpregnant 
sheep. The uterine vascular respons3s to norepinephrine and phenylephrine were similar in pregnant and 
nonpregnant ewes, whereas response to endothelin-1 was blunted in pregnancy. — 

CONCLUSION: Endothelin-1 is an extremely potent uterine vasoconstrictor in both pregnant and 
nonpregnant ewes, but the uterine vascular responsiveness to endothelin-1 is decreased in pregnancy. 


(Am J Osstet Gyneco 1992;167:1642-50.) 


Key words: Endothelin-1, uterine vasoconstrictor, norepinephrine, phenylephrine 


Endothelin-1 is a recently discovered polypeptide (21 
amino acids) produced and released by endothelial 
cells.’ It is characterized as a potent and long-lasting 
vasoconstrictor in many vascular beds, and it has re- 
ceived special attention because of its elevation in preg- 
nancy? and further elevation in Datients suffering from 
preeclampsia.” * In spite of rapid advances in the study 
of endothelin-1 in a variety of vascular beds, this is to 
our knowledge the first report of its in vivo effects on 
the uterine vasculature. In this study we have examined 
the vasoconstricting properties of endothelin-1 on the 
uterine vasculature of chronically instrumented preg- 
nant and estrogen-treated nonpregnant sheep. 


Material and methods 

Surgical procedures. Seven pregnant, mixed-breed 
ewes with single fetuses and five nonpregnant ewes were 
used in this study. The pregnant ewes had a gestational 
age of 103 to 112 days at the time of abdominal 
surgery. The mean body weight of the pregnant sheep 
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was 53.7 + 2.1 kg and of the nonpregnant sheep 
52.2 + 1.5 kg, which was not a significant difference. 

Before surgery sheep were fasted for 48 hours, and 
water was withheld for 24 hours. Animals were initially _ 
anesthetized with pentobarbital (12 mg/kg) and then 
received a spinal anesthetic (12 mg pontocaine in hy- 
perbaric glucose) at the fifth lumbar region. The ewe 
was placed in the supine position on the operating table 
and prepared aseptically for abdominal surgery. 
Through a left groin incision polyvinyl catheters were 
inserted into the ewe’s femoral artery and vein to the 
level of the distal aorta and vena cava, respectively. 
These catheters were used to monitor arterial blood 
pressure and for systemic administration of drugs. The 
uterus was exposed through a lower abdominal midline 
incision. 

In pregnant ewes the fetal hind limb was exteriorized 
through a small uterine incision and then cannulated 
for periodic measurements of fetal blood gases, to verify 
the viability of the. preparation. The membranes and 
uterus were then closed. In both pregnant and non- 
pregnant ewes electromagnetic flow probes were placed 
around both middle uterine arteries in the broad liga- 
ment for measurement of uterine blood flow. A lateral 
branch of the main uterine artery was tied distally, and 
a catheter was inserted retrograde with its opening at 
the bifurcation of the main uterine artery. In nonpreg- 
nant sheep the animal was bilaterally ovariectomized to 
prevent cyclic changes in uterine blood flow. After the 
incision was closed, catheters and cables were passed 
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through a subcutaneous tunnel and _ exteriorized 
through a small incision on the left flank and stored in 
a canvas pouch attached to the ewe’s side. All catheters 
were flushed every other day and filled with heparin 
(1000 U/ml for maternal catheters and 500 units for 
fetal catheters) to maintain patency. Each nonpregnant 
sheep received a daily bolus of 178-estradiol (1 wg/kg) 
into the maternal femoral vein to prevent uterine atro- 
phy. All surgical procedures were approved by the 
University of Cincinnati Institutional Animal Care and 
Use Committee. 

Experimental procedure. Experiments were not per- 
formed before the fifth postoperative day after abdom- 
inal surgery to assure full recovery from surgical stress, 
and a 30-minute baseline period was obtained in all 
animals before any experimentation. During this pe- 
riod systemic arterial blood pressure, heart rate, and 
uterine blood flow were recorded, and uterine vascular 
resistance was calculated. Endothelin-1, norepineph- 
rine, or phenylephrine was then administered on sep- 
arate days as a 10-minute infusion through either the 
left or right uterine artery catheter. Endothelin-1 was 
infused at rates of 0.01, 0.03, 0.1, 0.3, 1, and 3 g/min; 
norepinephrine at 0.1, 0.3, 1, and 3 wg/min; and 
phenylephrine at 0.1, 0.3, 1, 3, and 10 pg/min in 
pregnant ewes. All drug infusions were conducted se- 
quentially (increasing doses) without return to control 
levels between doses. Thus the results of this study 
represent the hemodynamic responses to cumulative 
doses of these compounds. Compounds were infused at 
the rate of 0.1 or 0.3 ml/min by an infusion pump 
(model 355, Sage Instruments, Cambridge, Mass.), de- 
pending on dosage. The vehicle (saline solution) had 
no effect on uterine blood flow at these infusion rates. 
Uterine and systemic responses appeared to reach a 
steady state by the end of the 10-minute infusion. All 
parameters were measured over the last 2 minutes of 
each 10-minute infusion. Norepinephrine and phenyl- 
ephrine were used, because the former has both a- and 
B-stimulatory effects, whereas the latter is a powerful 
a-receptor agonist with little or no effect on the B- 
receptors of the heart. The absolute uterine blood flow 
change from baseline blood flow (ml/min) was recorded. 

To determine the effects of vasoconstrictors on the 
uterine vasculature of the nonpregnant sheep, animals 
received 1 pg/kg of 17B-estradiol to increase uterine 
blood flow above baseline. Once estrogen-induced in- 
creases in uterine blood flow reached a maximum (at 
about 120 minutes), it remained constant for at least 2 
hours, during which time the vascular effects of the 
vasoconstrictors were evaluated. This method of in- 
creasing uterine blood flow to evaluate vasoconstriction 
allows quantitative assessment of vasoconstrictor po- 
tency and is necessary because of the low baseline 
uterine blood flow in the nonpregnant ewes. The doses 
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of endothelin-1 for nonpregnant sheep were 0.01, 0.03, 
0.1, 0.3, and 1 wg/min, and phenylephrine doses were 
0.03, 0.1, 0.3, 1, and 3 g/min. The doses of norepi- 
nephrine were the same as in pregnant ewes. Other 
experimental protocols were the same as in the preg- 
nant group. 

Physiologic measurement. Uterine blood flow was 
measured by a square-wave electromagnetic flowmeter 
(RF 2100, Dienco, Los Angeles). Arterial blood pres- 
sures were monitored by Micron MP 15 pressure trans- 
ducers (Micro Instruments, Simi Valley, Calif.) and 
heart rate was determined by cardiotachometer cou- 
plers (Sensor Medics, Anaheim, Calif.) triggered by 
arterial pressure pulses. All parameters were continu- 
ously recorded with Sensor Medics R612 physiologic 
recorders. Uterine vascular resistance was computed by 
dividing the mean arterial pressure by the uterine blood 
flow. 

Drug preparations. Endothelin-1 (Peptides Interna- 
tional, Louisville) was prepared as a stock solution of 
0.1 mg/ml in distilled water, whereas norepinephrine 
bitartrate and phenylephrine hydrochloride (Sigma, 
St. Louis) were prepared as a stock solution of 1 mg 
base/ml in distilled water and stored at — 20° C until 
use. Before the experiment standard drug solutions 
were serially diluted with normal saline solution to the 
desired concentrations and kept iced until needed. 

Statistical analysis. Data were analyzed by a one-way 
repeated measures analysis of variance. The Neuman- 
Keuls procedure was used to determine significant dif- 
ference of the means (p < 0.05). Differences between 
the endothelin-1 uterine vascular responses in pregnant 
and nonpregnant animals were determined by analysis 
of covariance. Results were expressed as either the 
actual values or the percent change from baseline 
values and reported as mean + SEM. 


Results 

Effect of local intraarterial infusions of endothe- 
lin-1, norepinephrine, and phenylephrine on uterine 
blood flow in pregnant and nonpregnant ewes. 
The dose-response changes in uterine blood flow 
caused by the local intraarterial infusions of endothe- 
lin-1, norepinephrine, and phenylephrine are shown in 
Fig. 1. All three compounds produced significant dose- 
related decreases in basal uterine blood flow in preg- 
nant ewes (Fig. 1, upper panel) and in estrogenized 
nonpregnant ewes (Fig. 1, lower panel), with endothe- 
lin-1 being the most potent uterine vasoconstrictor on a 
nanomoles infused per minute basis. In pregnant ewes 
the mean dose of endothelin-1, norepinephrine, and 
phenylephrine needed to reach a 50% reduction of 
basal uterine blood fow was about 0.83, 7.0, and 27.5 
nmol/min, respectively. Therefore endothelin-1 was 
approximately eight times more potent than norepi- 
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. Fig. 1. Decreases in uterine blood flow produced by increasing doses of endothelin-1 (ET-1) (solid 
circles), norepinephrine (NE) (open circles), and phenylephrine (PE) (open triangles) in pregnant (upper 
panel, n = 7 except for phenylephrine where = 6) and estrogenized nonpregnant (lower panel, 
n = 5) animals. Values are means + SEM. Uterine blood flow was significantly decreased by all three 
compounds (p = 0.0001) in both pregnant and nonpregnant sheep, with endothelin-1 being most 


potent. 


nephrine and about 33 times more potent than phen- 
ylephrine as a vasoconstrictor in pregnant ewes. The 
mean dose of endothelin-]1 needed to produce a 50% 
decrease of estrogenized uterine blood flow in nonpreg- 
nant sheep was 0.03 nmol/min, whereas the dose of 
norepinephrine was 2.0 nmol/min and that of phenyl- 
ephrine was 8.5 nmol/min. This means that endothe- 
lin-] was approximately 67 times stronger than narepi- 
nephrine and 283 times stronger than phenylephrine 
in nonpregnant ewes. 

Illustrated in Fig. 2 are the dose-response changes in 
calculated uterine vascular resistance with the intraar- 
terial administration of endothelin-1, norepinephrine, 
and phenylephrine in pregnant (Fig. 2, upper panel) 
and nonpregnant (Fig. 2, lower panel) ewes. Dose- 
related increases in calculated uterine vascular resis- 
tance were seen in response to all three compounds in 
both groups of animals. When the results in the preg- 


nant ewes were compared with those in the nonpreg- 
nant animals by correcting for the uterine blood flow 
(nmol/ml), the nonpregnant ewes had a significantly 
greater reduction in uterine blood flow in response to 
endothelin-1 intraarterial administration than did the 
pregnant ewes (Fig. 3, upper panel). At the same time 


_ the increase in uterine vascular resistance of nonpreg- 


nant ewes was greater than that of pregnant ewes (Fig. 
3, lower panel). The concentration on the x-axis was 
determined by dividing the nanomoles per minute of 
compound infused by the final steady-state uterine 
blood flow (milliliters per minute) reached during the 
infusion of that dose. There was no significant differ- 
ence in the response of uterine blood flow or uterine 
vascular resistance to norepinephrine (Fig. 4) or phen- 
ylephrine (Fig. 5) between pregnant and nonpregnant 
groups. 

Effect of intraarterial administration of endothe- 
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Fig. 2. Increase in calculated uterine vascular resistance produced by increasing doses of, endothe- 
lin-1 (ET-1) (solid circles), norepinephrine (NE) (open circles) and phenylephrine (PE) (open triangles) in 
pregnant (upper panel, n = 7, 6, and 5 in endothelin-1, norepinephrine, and phenylephrine, 
respectively) and estrogenized nonpregnant ewes (lower panel, n = 5 for all three drugs). Values are 
reported as means + SEM. Calculated uterine vascular resistance was significantly increased by all 
three compounds (p = 0.005 for endothelin-1, p = 0.001 for norepinephrine, and p = 0.0001 for 
phenylephrine in pregnant and p = 0.0001 for endothelin-1, p = 0.009 for norepinephrine, and 
p = 0.026 for phenylephrine in nonpregnant sheep). Values of calculated uterine vascular resistance 
that exceeded 10 mm Hg/ml/min were not included because of inaccuracy of measuring uterine blood 


flow <5 ml/min. 


lin-1, norepinephrine, and phenylephrine on sys- 
temic hemodynamics in pregnant and nonpregnant 
ewes. Local intraarterial infusions of norepinephrine 
and phenylephrine resulted in only local uterine effects 
in both pregnant and nonpregnant sheep. No signifi- 
cant changes in systemic arterial pressure and heart 
rate were observed (data not shown). However, endo- 
thelin-1 produced a significant (p < 0.001) dose- 
related increase in systemic arterial pressure and de- 
crease in heart rate in both pregnant and nonpregnant 
ewes (Fig. 6). There were no significant differences in 
the change in systemic arterial pressure and heart rate 
between the pregnant and estrogenized nonpregnant 


group. 


Comment 


The current findings demonstrate that endothelin-1 
is a very potent vasoconstrictor in the uterine vascula- 
ture of pregnant and estrogenized nonpregnant ewes 
and is considerably more potent than norepinephrine 
and phenylephrine. These. results are in agreement 
with the recent work of Fried and Samuelson,*® which 
showed that isolated human uterine arteries and veins 
respond to endothelin-1 with a slow and long-lasting 
contraction at concentrations as low as 107° mol/L. In 
their studies endothelin-1 was also found to be several- 
fold more potent than norepinephrine.’ The potent 
vasoconstriction of the uterine artery elicited at low 
concentrations of endothelin-1 in the current study, 


1646 Yang and Clark 


PERCENT CHANGE IN UTERINE 
BLOOD FLOW 


400 

m 350 

Z 

Œ u 300 

HO 

3S A50 

ZH 

a 200 

SY 150 

ty 

=z 100 
T3 

5O 50 

Ll 

> 0 

Lit 

a -50 
—100 


1.000E—6 1.000E-5 1.000E—-4 0.001 
DOSE (nM/ml) 








December 1992 
Am J Obstet Gynecol 


O PREGNANT 
© NONPREGNANT 


0.010 


0.100 


Fig. 3. Comparison of percent change in uterine blood flow (upper panel) and calculated uterine 
vascular resistance responses (lower panel) to local intraarterial infusions of endothelin-1 into uterine 
artery of pregnant (open circles, n = 7) and estrogenized nonpregnant (solid circles, n =.5) ewes. 
Increases in calculated uterine vascular resistance that exceeded 400% of baseline were not included 
because of inaccurazy of uterine blood flow measurement <5 ml/mm. Nonpregnant ewes had 
significantly greater reduction in uterine blood flow and elevation in calculated uterine vascular 


- resistance. 


together.with observations that endothelin is signifi- 
cantly elevated in pathophysiologic conditions like 
preeclampsia, suggests a possible role for this substance 
in vasospastic disorders related to the uterine circu- 
lation. 

‘One of the purposes of this study was to determine if 
pregnancy affected uterine vascular responses to endo- 
thelin-] and then to compare these results with those of 
norepinephrine and phenylephrine. The results of the 
present study suggest that the uterine vascular bed of 
pregnant sheep may be refractory to the vasoconstrictor 
effects of endothelin-1. In contrast, no differences were 
found in the uterine vasoconstrictor responses to local 
intraarterial infusions of norepinephrine or phenyl- 
ephrine between pregnant and estrogenized nonpreg- 
nant groups. This observation may indicaté a specific 
reduction in uterine vascular endothelin-1 receptors in 


pregnancy, because responses to a-adrenergic receptor 
stimulants were not affected. However, the actual mech- _ 
anism of reduced uterine vascular responsiveness to 
endothelin-1 during pregnancy remains unclear. Uter- 
ine vascular refractoriness has also been seen with a 
second polypeptide, angiotensin II, in ovine preg- 
nancy.’ Previous studies from our laboratory have sug- 
gested that increased circulating levels of angiotensin II 
in pregnant sheep may be responsible for pregnancy- 


. induced decreases in systemic angiotensin IJ respon- 


siveness, possibly because of decreased or “down-regu- 


_ lated” receptors in the blood vessels.’ Recently this .- 
interpretation of receptor down-regulation has been 


challenged by Mackanjee et al., whose study showed no 
difference in angiotensin II receptors numbers in the 


. vascular smooth muscle of pregnant and nonpregnant 


sheep. Unfortunately, these investigators deendothelial- 
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Fig. 4. Comparison of percent change in uterine blood flow responses (upper panel) and calculated 
uterine vascular resistance responses (lower panel) to local intraarterial infusions of norepinephrine 
into uterine artery of pregnant (open circles, n = 7) and estrogenized nonpregnant (solid circles, n = 5) 
sheep. Increases in calculated uterine vascular resistance that exeeded 400% of baseline were not 
included because of inaccuracy of uterine blood flow measurements <5 ml/min. There were no 
significant differences in uterine blood flow responses or calculated uterine vascular resistance 


responses between groups. 


ized the blood vessels before determining receptor 
number, which may limit the value of the study because 
a large portion of the angiotensin II receptors would be 
expected to be on the endothelial cell surface. The 
studies of Rosenfeld and Gant,” Siddiqi et al.,” and Gant 


et al.° showed blunting of angiotensin II-induced in- 


creases in systemic arterial pressure that was not seen in 
the current studies with endothelin-1. In our studies 
pretreatment of sheep with estrogen could have modi- 
fied blood pressure and heart rate responses to uterine 
infusions of endothelin-1; however, studies in our lab- 
oratory have shown estrogen administration does not 
modify endothelin-1 systemic blood pressure and heart 
rate responses (unpublished observation). In contrast, 
the current studies suggest that a specific change occurs 
in the uterine vascular bed, because systemic pressor 


response to endothelin-1 was almost identical in preg- 
nant and nonpregnant sheep. 

It is possible that in the uterine circulation of the 
pregnant ewe endothelin-1 promotes the local forma- 
tion and release of vasodilators like nitric oxide, i.e., 
endothelium-derived relaxing factor’? or prostaglan- 
dins,'' '? which modulate the uterine vasoconstrictor 
response. It is known that endothelial cell function 
increases during pregnancy, possibly to aid in cardio- 
vascular adaptation, but these changes would be ex- 
pected to be general in nature rather than specific to 
the uterus. A significantly greater response to the re- 
laxant effect of acetylcholine has been shown in isolated 
vessels, including uterine arteries, of pregnant animals 
as compared with those of nonpregnant animals.'* ™ 
This could result in more vasodilator substances of 
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Fig. 5. Comparison of uterine blood flow responses (upper panel) and calculated uterine vascular 
resistance responses (lower panel) to phenylephrine uterine artery infusions in pregnant (open circles, 


n = 7) and estrogenized nonpregnant (solid circles, 


= 5) ewes. Increases in calculated uterine 


vascular resistance that exceeded 400% of baseline were not included because of inaccuracy of uterine 
blood flow measurements <5 ml/min. There were no significant differences in uterine blood flow 
responses or calculated uterine vascular resistance responses between groups. 


endothelial cell origin (e.g., endothelium-derived relax- 
ing factor and prostacyclin) being released from the 
pregnant uterus. This might partially explain why the 
refractoriness to the vasoconstrictor effects of endothe- 
lin-1 was seen in the pregnant sheep uterus. Bolus 
administration of endothelin-1 has also been reported 
to be associated with a biphasic response in which an 
initial, brief, and transient period of hypotension oc- 
curs.'® This effect is thought te be modulated by endo- 
thelin-induced release of endothelium-derived relaxing 
factor, atrial naturetic factor, or vasodilatory pros- 
tanoids. One possible explanation for the lack of 
change in the systemic resporsiveness to endothelin-1 
between pregnant and nonpregnant sheep in the cur- 
rent study may be that systemic levels of endothelin-1 
do not reach high enough levels to produce release of 
endothelium-derived relaxing factor or prostacyclin, 


whereas these levels may have occurred in the uterine 
circulation. 

Unlike the responses observed in the uterine vascular - 
bed, no difference in systemic arterial pressure re- 
sponses to endothelin-1 was observed between preg- 
nant and nonpregnant ewes during local uterine artery 
infusion of endothelin-1. These obervations are similar 
to those by Molnar and Hertelendy,’* who recently 
reported that in chronically instrumented conscious 
rats no difference in the mean arterial pressure re- 
sponses to endothelin-- were observed in pregnant 
compared with postpartum animals. 

It is important to note that, when endothelin-1, 
norepinephrine, and phenylephrine were infused into 
the uterine arteries o7 pregnant and nonpregnant 
sheep, only endothelin-1 had systemic effects. In con- 
trast, all three compour-ds produced significant uterine 
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Fig. 6. Comparison of change in mean arterial pressure (upper panel) and heart rate (lower panel) in 
response to local uterine infusions of endothelin-1 in pregnant (open circles, six doses, n = 7) and 
nonpregnant (solid circles, five doses, n = 5) ewes. Values are means + SEM. There were no significant 
differences in absolute increases in mean arterial pressure (mm Hg) or decreases in heart rate 


(beats/min) between groups. 


responses although endothelin-1 was 8 and 67 times as 
potent as norepinephrine and 33 and 283 times as 
potent as phenylephrine in constricting the uterine 
vasculature of pregnant and nonpregnant ewes respec- 
tively. Because only endothelin-] produced systemic 
effects when infused locally, the systemic vasculature 
would appear to be much more sensitive to endo- 
thelin-1 than it is to phenylephrine and norepineph- 
rine. This observation would agree with what has been 
reported for angiotensin-II.'’ However, it is currently 
unclear whether systemically administered endothelin-1 
produces differential effects on the systemic and uterine 
vasculature. In contrast to endothelin-1, the uterine 
selectivity of a-agonists supports the observation of 
Magness and Rosenfeld"! that the uterine vascular bed 
is substantially more responsive to a-agonists than is the 
systemic vasculature overall in pregnant and nonpreg- 
nant sheep. 


In conclusion, we have measured systemic arterial 
blood pressure, heart rate, and uterine blood flow 
response to local uterine infusions of endothelin-1, 
norepinephrine, and phenylephrine in chronically in- 
strumented pregnant and estrogen-treated nonpreg- 
nant ewes. Endothelin-] is an extremely potent vaso- 
constrictor in uterine arteries of pregnant and estro- 
genized nonpregnant ewes and is much more potent 
vasoconstrictor on a nanomole infused per minute basis 
than are norepinephrine and phenylephrine. Uterine, 
but not systemic vascular, responsiveness to endothe- 
lin-1 was significantly decreased in the pregnant versus 
the estrogenized nonpregnant group. These findings 
suggest that endothelin-1 may play an important role in 
regulating uterine blood flow. 


We thank Dr. Uwe Lang, Brian Fisher, and Scott 
Baker for their technical assistance. 


1650 Yang and Clark 


10. 


REFERENCES 


. Yanagisawa M, Kurihara H, Kimura S, et al. A novel potent 


vasoconstrictor peptide produced by vascular endothelial 
cells. Nature 1988;332:41 1-5. 


- Iwata I, Takagi T, Yamaji K, Tanizawa O. Increase in the 


concentration of immunoreactive endothelin in human 
pregnancy. ] Endocrinoi 1991;129:301-7. 


. Taylor RN, Varma M, Teng NNH, Roberts JM. Women 


with preeclampsia have higher plasma endothelin levels 


than women with normal pregnancies. J Clin Endocrinol 
Metab 1990;71:1675-7. 


. Nova A, Sibai BM, Barton JR, Mercer BM, Mitchell MD. 


Maternal plasma level of endothelin is increased in pre- 
eclampsia. Am J Osster GynecoL 1991;165:724-7. 


. Fried G, Samuelson U. Endothelin and neuropeptide Y 


are vasoconstrictors in human uterine blood vessels. Am J 
Osster GYNECOL 199];164:1330-6. 


. Rosenfeld CR, Gant NF Jr. The chronically instrumented 


ewe: a model for studying vascular reactivity to angiotensin 
{I in pregnancy. J Clin Invest 1981;67:486-92. 


. Siddiqi TA, Austin JE, Holroyd JC, Clark KE. Modulation 


of angiotensin I] pressor responsiveness by circulating 
levels of angiotensin II in pregnant sheep, Am J OBSTET 
GYNECOL 1983;145:458-64. 


. Mackanjee HR, Philip WS, Magness RR, Rosenfeld CR. 


Angiotensin H vascular smooth-muscle receptors are not 
down-regulated in near-term pregnant sheep. AM J OssTeT 
GYNECOL 1991;165:1641-8. 


. Gant NF, Daley GL, Chand S, Whalley PJ, MacDonald PC. 


A study of angiotensin II pressor response throughout 
primigravid pregnancy. J Clin Invest 1973;52:2652-9. 
Warner TD, Mitchell JA, de Nucci G, Vane JR. Endothe- 


December 1992 
Am J Obstet Gynecol 


lin-1 and endothelin-3 release EDRF from isolated per- 


. fused arterial vessels of the rat and rabbit. J Cardiovasc 


ll. 


12. 


13. 


14, 


15. 


16. 


17. 


18. 


Pharmacol 1989;13:S86-8. 

Rae GA, Trybulec M, de Nucci G, Vane JR. Endothelin-1 
releases eicosanoids from rabbit isolated perfused kidney 
and spleen. | Cardiovasc Pharmacol 1989;13:S89-92. 
Mitchell MD, Romero RJ, Lepera R, Rittenhouse L, Edwin 
SS. Actions of endothelin-1 on prostaglandin production 
by gestational tissues. Prostaglandins 1990;40:627-35. 
Griggs KC, McLaughlin MK. Endothelial modulation of 
vasoconstrictor response of isolated renal interlobar arter- 
ies from pregnant and nonpregnant rats [Abstract]. In: 
Proceedings of the thirty-eighth annual meeting of the 
Society for Gynecologic Investigation, San Antonio, Texas, 
March 20-23, 1991. San Antonio: Society for Gynecologic 
Investigation, 1991:124. 

Weiner C, Martinez E, Liu KZ, Ghodsi A, Chestnut D. In 
vitro release of éndothelium-derived relaxing factor by 
acetylcholine is increased during the guinea pig. preg- 
nancy. AM J Osster‘Gynecot 1989;161:1599-605. 
Winquist RJ, Bunting PB,.Garsky VM, Lumma PK, 
Schofield TL. Prominent depressor response to endothe- 
lin in spontaneously nypestenave rats. Eur J Pharmacol 
1989; 163:199-203. 

Molnar M, Herielendy F. Pressor responsiveness to endo- 
thelin is not attenuated in gravid rats. Life Sci 1990;47: 
1463-8. 

Naden RP, Rosenfeld CR. Effect of angiotensin II on 
uterine and systemic vasculature in pregnant sheep. J Clin 
Invest 1981;68:468-74. 

Magness RR, Rosenfeld CR. Systemic and uterine re- 
sponses to a-adrenergic stimulation in pregnant and non- 
pregnant eyes. AM J Osster GynecoL 1986;155:897-904. 


The comparative effects of big endothelin-1, endothelin-1, 
and endothelin-3 in the human fetal-placental circulation 


Leslie Myatt, PhD, Anthony S. Brewer, BS, and Diane E. Brockman, MS 


Cincinnati, Ohio 


OBJECTIVE: This study compared the effects of big endothelin-1, endothelin-1, and endothelin-3 and 
whether endothelin-converting enzyme was present in the human fetal-placental circulation. 

STUDY DESIGN: Single cotyledons of term placentas were dually perfused in vitro, and increases in 
fetal-placental perfusion pressure to bolus injections of big endothelin-1, endothelin-1, and endothelin-3 
(8 x 107" to 1 x 1077 mol/L) were recorded. Responses to big endothelin-1 (1077 mol/L) were 
measured in the same placenta before and after perfusion of the fetal-placental circulation with the neutral 
metalloprotease inhibitor phosphoramidon (107 mol/L), which acts as an endothelin-converting enzyme 
inhibitor. All experiments were performed in at least five separate placentas. 

RESULTS: Significant concentration-dependent increases in fetal-placental perfusion pressure were seen 
with endothelin-1 {p < 0.0005), endothelin-3 (p < 0.0256), and big endothelin-1 (p < 0.0034, analysis 
of variance). Big endothelin-1 always elicited transient vasodilatation before constriction. Phosphoramidon 
significantly inhibited the vasoconstrictor effect of big endothelin-1 (p < 0.039, paired ¢ test). 
CONCLUSION: The three endothelins tested are vasoconstrictors, and endothelin-converting enzyme is 
present in the fetal-placental circulation. (Am J Osster Gynecot 1992;167:1651-6.) 


Key words: Endothelin, placenta, fetus, vasoconstriction 


The endothelins are a family of three distinct 21 
amino acid peptides, Et-1, Et-2, and Et-3, which are 
coded for by three separate genes in the human ge- 
nome.' The endothelins are synthesized in a wide vari- 
ety of tissues in addition to endothelium and have a 
diversity of effects, including vasoconstriction,’ oxytocic 
action on the uterus,’ and stimulation of peptide hor- 
mone release.’ Messenger ribonucleic acids for pre- 
proendothelin-1* and preproendothelin-3’ have been 
found in the human placenta, the primary gene prod- 
ucts being 39 and 42 amino acid big endothelins, 
respectively. The big endothelins are then cleaved to 
the mature peptide by a neutral metalloprotease-con- 
verting enzyme.’ The human placenta appears to pro- 
duce equivalent amounts of big Et-1, Et-1, and Et-3 but 
does not produce very much Et-2.4 We® and others’ 
have shown that Et-1 is a potent vasoconstrictor of the 
human fetal-placental circulation in vitro, producing a 
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characteristically long-acting (45 to 60 minutes) vaso- 
constriction. We further showed that the vasoconstrictor 
effects of Et-1 could be attenuated by the endothelial- 
derived relaxing factor nitric oxide.* Recently the vaso- 
constrictor effects of Et-1 and Et-3 have been compared 
in the perfused human placenta. Et-3 was reported to 
be less potent than Et-1, but the maximal response 
to Et-3 was greater.” Endothelin binding sites have 
been identified in whole placental membrane prepara- 
tions” © and more recently in membrane preparations 
of both stem villous vessels and chorionic plate vessels."' 
A single noncooperative. high-affinity binding site for 
endothelin-1 with a dissociation constant of 26 + 
5 pmol/L and a binding capacity of 681 + 61 pmol/mg 


protein in the human was found in the villous vascula- 


ture.'’ By competition studies it was demonstrated that 
both Et-2 and Et-3 could compete for this binding site, 
although the binding of Et-3 appeared to be noncom- 
petitive. Furthermore, big Et-1 was able to compete for. 
the Et-1 binding site, although with a much lower 
affinity. 

The objectives of this work were to determine if big 
Et-1 and Et-3 were vasoconstrictors in the human fetal- 
placental circulation in vitro and further establish the 
potency relative to that of Et-1 itself in this circulation. 
Second, we sought to determine if endothelin-convert- 
ing enzyme activity was present in the human fetal- 
placental circulation and was able to convert big Et-1 to 
active Et-1. 
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Material and methods 


Placentas were collected immediately after normal 
vaginal delivery or elective cesarean section at term 
under a protocol approved by the institutional review 
board and were transported immediately to the perfu- 
sion laboratory in the labor and delivery area. A suitable 
third or fourth order chorionic artery and the corre- 
sponding vein of an intact cotyledon were cannulated, 
as we have previously described,” at a point immedi- 
ately before passage of the vessels through the chori- 
onic plate. The maternal intervillous space was cannu- 
lated with two butterfly needles inserted through rem- 
nants of spiral arteries in the basal plate. The effluent 
from the intervillous space was collected by gravity into 
a Plexiglas cone over which the cotyledon was placed, 
maternal surface downward. In all experiments perfu- 
sion medium was tissue culture medium 199 containing 
5% polyvinylpyrrolidone 40 and 0.1% bovine serum 
albumin together with 20 IU/ml heparin and 48 ug/ml 
gentamicin. The pH of the medium was 7.4 and it was 
gassed with 95% oxygen and 5% carbon dioxide at 
37° C. Nominal flow rates were 4 ml/min in the fetal and 
10 ml/min in the maternal circulations. Perfusion pres- 
sure was measured in both fetal and maternal inflow 
lines adjacent to the point oz cannulation. Data on 
pressure, inflow and outflow Pcs and pH were sampled 
every second and stored on an IBM PS2 system with 
Asystant Plus software (Asyst Technologies, Rochester, 
N.Y.). The effect of Et-1, big Et-1, and Et-3 on perfu- 
sion pressure was studied. An equilibrium period of at 
least 30 minutes was allowed after establishment of 
perfusion. The endothelins were then injected as a 2 ml 
bolus into the fetal-placental circulation. When perfu- 
sion pressure had increased and reached a plateau, the 
next concentration of endothelin was infused, and cu- 
mulative increases in perfusion pressure were recorded. 
The concentrations of endothelin used were 8 x 107'° 
to 1 xX 107ê mol/L for Et-1 and 8 x 107" to 1 x 1077 


mol/L for Et-3 and big Et-1 in all experiments. To- 


determine if the action of big Et-1 was mediated by its 
conversion to Et-1, the effects of a neutral metallopro- 
tease inhibitor, phosphoramidon,'* which has been 
shown to inhibit endothelin-converting enzyme, were 
studied. The vascconstrictor response to bolus injection 
of big Et-1 {1 x 1077 mol/L) was measured before and 
after addition of phosphoramidon (107° mol/L) to the 
fetal perfusate. A 30-minute period of perfusion with 
phosphoramidon was allowed before the second injec- 
tion of big Et-1 in the same placenta. All experiments 
were repeated in at least five separate placentae. 

The significance of changes in perfusion pressure on 
addition of increasing concentrations of endothelin was 
determined by analysis of variance, and the effects of 
the endothelin-converting enzyme inhibitor were deter- 
mined by paired ¢ tests. The endothelins were kept at 


10-° mol/L concentration in 0.5 mol/L acetic acid at | 
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—70° C and diluted appropriately immediately before 
each use. Phosphoramidon was made fresh before each 
use. 


Results 


Et-1 (8 x 107° to 1 x 107° mol/L, cumulative con- 
centration 8 x 107'° to 3.18 x 107° mol/L) gave a 
significant cumulative increase in fetal-placental perfu- 
sion pressure (p < 0.0005, analysis of variance). As we 
have previously shown, the increase in perfusion pres- 
sure upon addition of Et-1 was sustained for up to 45 to 
60 minutes so only cumulative increases in perfusion 
pressure could be measured. Similarly, Et-3 (1 x 107° 
to 1 x 107’ mol/L) gave a significant cumulative in- 
crease in fetal-placental perfusion pressure (Fig. 1). The 
dose-response curve to Et-3 was, however, moved to the 
right approximately one order of magnitude when 
compared with the dose-response curve to Et-1 (Fig. 2), 
but a significant concentration-dependent increase in 
perfusion pressure was seen (p < 0.0256, analysis of 
variance). Addition of big Et-1 (1 x 107° to 1 x 1077 
mol/L) also gave a significant concentration-dependent 
increase in perfusion pressure (p < 0.0034, analysis of 
variance). However, the vasoconstrictor effect of big 
Et-1 was always preceded by a transient vasodilatation 
(Fig. 3). The extent of this vasodilatation (from <1 to 
6.5 mm Hg) appeared to be directly related to the 
concentration of big endothelin used (107° to 3 x 107” 
mol/L) and hence to the degree of vasoconstriction. 
The transient vasodilatation was never seen when either 
Et-1 or Et-3 was used to elicit vasoconstriction. Com- 
parison of dose-response curves for the three peptides 
showed that the dose-response curve for big Et-1 was 
moved approximately one order of magnitude to the 
right when compared with Et-1 itself (Fig. 4). To com- 
pare the potency of the three peptides, the concentra- 
tions that resulted in a perfusion pressure of 70 mm Hg 
were calculated. These were 6.2 x 107° mol/L for Et-1, 
6.5 x 107° mol/L for big Et-1, and 1.5 x 1077 mol/L 
for Et-3. We were unable to determine maximal re- 
sponses to the peptide because of cost limitations and 
also because of the instability of perfusion pressure and 
the virtual absence of fetal flow when the preparation is 
maximally vasoconstricted. The vasoconstrictor re- 
sponse to a single bolus (1077 mol/L) of big Et-1 is 
shown in Fig. 5. It should be noted that this increase in 
perfusion pressure to a single bolus is less than that 
seen to an equivalent dose of big Et-1 when given as 
part of a cumulative dose-response curve (Fig. 4). This 
is probably because of the greater occupancy of endo- 
thelin receptors achieved during a cumulative dose- 
response curve than from a single 2 ml bolus. Perfusion 
of the fetal-placental circulation with the endothelin- 
converting enzyme inhibitor phosphoramidon (1077 
mol/L) for 30 minutes gave a significant reduction 
(p < 0.039, paired ¢ test) in response to a second 
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Fig. 1. Representative experiment of effect of Et-3 (cumulative concentration 1 x 107? to 
3.8 x 107% mol/L) on fetal-placental perfusion pressure. 
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Fig. 2. Effect of Et-3 on fetal-placental perfusion pressure. Cumulative perfusion pressure on 
injection of increasing concentrations (1 xX 107° to 1 x 107° mol/L) of Et-3 on fetal-placental 
circulation (mean + SEM, n = 5). One-way analysis of variance showed a significant increase in 
perfusion pressure with increasing concentrations of Et-3 (p < 0.0256). 


injection of big Et-1 (Fig. 5). Addition of phosphorami- Comment — | 
don to the perfusate in fetal-placental circulation had We have confirmed our previous report® that Et-1 is 
no effect on resting perfusion pressure, nor did it affect a potent vasoconstrictor. of the human fetal-placental 


the response to Et-1 itself. circulation in vitro and have further shown that both 
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Fig. 3. Representative experiment of effect of big Et-l (8 x 107° to 3.18 x 107’ mol/L) on 
fetal-placental perfusion pressure. 
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Fig. 4. Effect of Et-1, Et-3, and big Et-1 on fetal-placental perfusion prenie: Cumulative perfusion 
pressure on injection of increasing concentrations (8 X 107% to 1 x 107* mol/L) of Et-1, Et-3, and 
big Et-1 in fetal-placental circulation (mean + SEM, n = 5). One-way analysis of variance showed a 

_ significant increase in perfusion pressure with increasing concentrations of Et-1 (2 < < 0.0005), Et-3 
P< < 0.0256), and big Et-1 (p < 0. 0034). 
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Fig. 5. Effect cf phosphoramidon on responses to big Et-l. Increase in fetal-placental perfusion 
pressure to bolus injection of big Et-1 (1077 mol/L) is shown before and after perfusion of 
fetal-placental circulation with phosphoramidon (107° mol/L) for 30 minutes (mean + SEM, n = 5; 


p < 0.039 paired ¢ test). 


Et-3 and the peptide big Et-1 are vasoconstrictors of the 
human fetal-placental circulation. The responses to 
Et-1, Et-3, and big Et-1 were all of sustained duration so 
that only cumulative changes in perfusion pressure 
could be recorded. Et-3 appeared to be a less potent 
agonist than was Et-1 in the fetal-placental circulation, 
with the dose-response curve being moved approxi- 
mately one order of magnitude to the right. Although 
we did not measure maximal] vasoconstriction, the con- 
centrations of Ft-l1 and Et-3 that give a perfusion 
pressure of 70 mm Hg are close to those reported as 
mean effective concentrations that produced a 50% 
response for Et-] and Et-3 in a similar system.’ Et-3 
may be acting on the Et-1] receptor in a noncompetitive 
manner or may be exerting its vasoconstrictor factor by 
a separate (Et-3) receptor. Robaut et al.'' have previ- 
ously shown that in vitro Et-3 is a noncompetitive 
- inhibitor for the binding of Et-1 to an Et-1 receptor site 
in stem villous vessels. 

Big Et-1 is also a vasoconstrictor in the human 
fetal-placental circulation in vitro but only has approx- 
imately one tenth the potency of the active peptide, 
Et-1. However, Robaut et al.'’ found that in vitro big 
Et-1 only had approximately 100 the affinity of Et-1 for 
the putative Et-1 receptor. This suggested that in our 
experiments big Et-1 may have been exerting its effect 


after conversion to Et-1 itself. We were able to signif- — 


cantly attenuate the vasoconstrictor effect to big ET-1 
by perfusion of the human fetal-placental circulation 
with phosphoramidon, a neutral metalloprotease inhib- 


itor that has been previously used as an endothelin- 
converting enzyme inhibitor, suggesting that the hu- 
man fetal-placental circulation does possess endothelin- 
converting enzyme activity. Unlike Et-1 or Et-3, big 
Et-1 always elicited a transient vasodilatation before the 
onset of its vasoconstrictor effect, this effect thus ap- 
pearing to be unique for big Et-1. Although treatment 
of the fetal-placental circulation with phosphoramidon 
abolished the vasoconstrictor effect of big Et-1, did not 
affect the vasodilatation seen on addition of big Et-1 
The mediator of the vasodilatation is not currently 
known, although a vasodilator autacoid such as prosta- 
cyclin or nitric oxide would be a potential candidate. 
The difference in potency of big Et-1 versus Et-1 in this 
series of experiments suggests that after injection of big 
Et-l.as a 2 ml bolus into the fetal-placental circulation 
probably not all of the big Et-1 is converted into Et-1 in 
a single pass through the. placenta. 

The presence of messenger ribonucleic acid for both 
Et-1 and Et-3 in human placental tissue* ° and the 
ability of the fetal-placental circulation both to convert 
big Et-l and to be responsive to Et-1 or Et-3 suggest 
that the human placenta and in particular the fetal- 
placental circulation possess an active pathway for the 
synthesis and action of the endothelins. This does not 
preclude other nonvasoactive effects of endothelin in 
the placenta. We have recently reported’* that both the 
fetal-placental and maternal circulations of the per- 
fused human placental cotyledon will release Et-1 in 
vitro in an apparently pulsatile manner. The concen- 
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trations of endothelins released into the two circulations 
in vitro (2 to 10 pmol/L) approximate those found in 
both maternal and fetal circulations in vivo'® and are 
similar to that reported in the fetal circulation of pla- 
cental lobules perfused in vitro.° The concentration of 
Et-1 in the fetal circulation is approximately double 
that in the maternal circulation.’* Although these con- 
centrations are less than those used in these experi- 
ments as bolus injections to elicit changes in fetal- 
placental perfusion pressure, this does not negate a 
physiologic role. for endothelin in the fetal-placental 
circulation. Concentrations reached at the endotheli- 
um-—smooth muscle interface may be greater than those 
that are measured in the fetal or maternal circulations 
in vivo and may be more akin to those achieved after 
bolus infusion of endothelin at the concentrations used 
here. 
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Decrease in annexin I messenger ribonucleic acid 
expression in human amnion with labor 


David I. Lynch-Salamon, MD, William V. Everson, PhD," and Leslie Myatt, PhD” © 


Cincinnati, Ohio 


OBJECTIVE: Annexins are a superfamily of proteins that are thought to inhibit phospholipase A, activity 
and hence inhibit prostaglandin production. The purpose of this study was to test the hypothesis that 
annexin | concentration in human amnion is reduced with labor and that this reduction is mediated by a 


decrease in annexin | messenger ribonucleic acid expression. 


STUDY DESIGN: Amnion and choriodecidua were collected from term singleton pregnancies, eight after 
spontaneous vaginal delivery and eight from elective cesarean section without labor. Annexin | protein 
was quantitated by Western blotting. Ribonucleic acid was isolated from amnion, and then annexin |! 
messenger ribonucleic acid was identified by Northern hybridization and quantitated by slot blotting. 
RESULTS: Annexin | (35 kd) was identified in amnion tissue. The concentration in the group undergoing 
labor (320 + 45 integrated optical density units, mean + SE) was significantly reduced (p < 0.05) 
compared with that in the group not undergoing labor (635 + 65 units). The size of the annexin | 
messenger ribonucleic acid was approximately 1.8 kb. The mean integrated optical density for the labor 
group (840 + 139 units, mean + SE) was significantly reduced (p < 0.05) compared with that of the 


nonlabor group (1912 + 464 units). 


CONCLUSION: There is a significant decrease in annexin | messenger ribonucleic acid expression in 
human amnion with iabor, corresponding to a significant decrease in annexin | protein concentration. This 
may contribute to the increased phospholipase A, activity, arachidonic acid mobilization, and 
prostaglandin production at labor in humans. (Am J Oester Gyneco. 1992;167:1657-63.) 


Key words: Annexin, phospholipase A,, amnion, labor, prostaglandin 


The biochemical basis for parturition in the human is 
not well defined. Although it is well established in 
various animal models that the onset of labor is her- 
alded by a change in estrogen and progesterone pro- 
duction,’ systemic changes in these hormones have not 
been shown to precede parturition in humans." * There 
is, however, data indicating that local changes in the 
production of estrogen and progesterone in the fetal 
membranes are found with human labor.”? It is well 
established that prostaglandins are intimately involved 
in the labor process and that their production is ele- 
vated during parturition.°* However, controversy sur- 
rounds the question of whether prostaglandins are 
important in the initiation of labor versus the mainte- 
nance of labor. 
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Arachidonic acid, the obligate precursor in the for- 
mation of prostaglandin of the 2 series, is found in large 
concentrations esterified as phospholipid in humar. 
fetal membranes.’ The release of arachidonate from 
phospholipids, catalyzed either by the enzyme phos- 
pholipase As or by the sequential action of phospholi- 
pase C, diacylglycerol lipase and monoacylglycerol li- 
pase, may be the rate-limiting step of prostaglandin 
production.’ '! Phospholipase A, activity in the fetal 
membranes may be regulated by alterations in the total 
amount of the enzyme, by covalent modification of the 
enzyme, or by stimulatory or inhibitory factors.’’ Al- 
though many aspects of the regulation of phospholi- 
pase A activity remain to be defined, substances that 
directly or indirectly inhibit its activity and thereby limit 
prostaglandin production may influence the onset of 
labor in humans. 

The annexins'* '° are a superfamily of at least nine 
related proteins found in many human tissues, includ- 
ing the endometrium,'® '’ placenta,'* and the fetal 
membranes.'* Biochemically, the annexins are all char- 
acterized by their ability to bind with high affinity in a 
calctum-dependent fashion to phospholipids” or to the 
detergent-extracted cytoskeleton.” Recently, however, a 
distinct form of annexin that binds to phospholipids in 
a calcium-independent fashion has been described.'* * 
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It is unknown whether the calctum-dependent or inde- 


pendent membrane-binding forms of annexin have . 


differing functions. Although the specific functions of 
annexins are not known, their putative physiologic roles 
have been suggested on the basis of their tissue distri- 
bution, intracellular localization, and in vitro calcium- 
dependent interaction with either phospholipids or 
cytoskeletal elements.” 

Annexins have been described as inhibitors of phos- 
pholipase A, activity.™ They are not direct enzyme 
inhibitors in vitro but bind to the cytofacial surface of 
the membrane, thereby limiting phospholipase A, ac- 
cess to its substrate.*°*’ This mode of inhibition has 
been termed the substrate depletion model. Reduction 
of annexin binding to plasma membrane phospholip- 
ids, for instance, by either phosphorylation*® *° or a 
reduction in the total amount of annexin,'® could lead 
to increased access of phospholipase A, to the mem- 
brane and thereby an increase in arachidonic acid 
mobilization and prostaglandin production. 

Previously we measured the concentration of annexin 


I in human amnion and chorion obtained from patients . 


in labor compared with patients not in labor at term." 
Significant decreases were seen in the concentrations of 
both the calctum-dependent and independent forms of 
annexin I with labor. This decrease in annexin I would 
be consistent with a role of annexin I in phospholipase 
inhibition, because tissues obtained at labor exhibit an 
increase in arachidonic acid mobilization and prosta- 
glandin production." In this study we sought to confirm 
the observation that there is a significant decrease in 
the concentration of annexin I protein with labor and to 
test the hypothesis that this reduction is a result of a 
decrease in annexin messenger ribonucleic acid 
(mRNA) expression. 


- Material and methods 


Amnion and chorion decidua was collected from 
singleton pregnancies immediately after spontaneous 
vaginal delivery or elective cesarean delivery at term in 
the absence of labor. Term is defined as 37 to 42 
completed weeks of pregnancy, as established by last 
menstrual period and confirmed by first-trimester phys- 
ical examination or ultrasonography before 20 weeks’ 
gestation. Labor is defined as eight or more contrac- 
tions per hour and cervical dilatation. The absence of 
labor was defined as the absence of contractions mea- 
sured with an external dynamometer over 1 hour with 
no evidence of cervical dilatation. Patients wbo had 
signs of disease, who were taking any medications, or 
who had any complications of pregnancy were excluded 
from the study. 7 

Amnion and chorion decidua was immediately sepa- 
rated, washed in ice-cold phosphate-buffered saline 


solution to remove excess blood and prevent tissue 


autolysis, and then snap-frozen in liquid nitrogen. Sam- 
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ples were stored at — 70° C. Frozen tissue was powdered 
under liquid nitrogen, weighed, and then homogenized 
twice in buffer A (1:10 wt/vol) in a Waring Blendor for 
30 seconds. Buffer A contained 200 mmol/L sucrose, 50 
mmol/L sodium fluoride, 10 mmol/L disodium ethyl- 
enediaminetetraacetic acid, 5 mmol/L zinc chloride, 25 
mmol/L Tris chloride, pH 7.5, 1 mmol/L pL-dithio- 
threitol, 2 mmol/L ethylene glycol-bis (B-aminoethyl 
ether) N,N,N’,N’-tetraacetic acid, and the following 
protease inhibitors: phenylmethylsulfonyl fluoride 10 
mmol/L, leupeptin 0.4 mg/L, pepstatin 4 mg/L, N-tosyl- 
L-phenylalanine chloromethyl ketone 35 mg/L, Na- 
tosyl-L-lysine chloromethyl ketone 35 mg/L, and chy- 
mostatin 2 mg/L. Samples were then diluted by addi- 
tion of an equal volume of 2x gel sample buffer (2% 
sodium dodecyl sulfate, 49 mmol/L Tris chloride, pH 
6.8, 10% 2-mercaptoethanol, 20% glycerol, and 0.02% 
bromophenol blue) and boiled for 5 minutes, and then 
the insoluble material was removed by centrifugation in 
a microfuge at 10,000g for 2 minutes. Equal amounts of 
the supernatants were loaded into individual wells 
within a stacking gel (5% acrylamide in stacking gel 
buffer, 25 mmol/L Tris hydrochloride, pH 6.8) over- 
layed on 8% to 16% acrylamide gradient gels in Tris 
hydrochloride, pH 8.8, and separated by electrophore- 
sis according to the method of Laemmli” in a Daichi 
minigel apparatus for approximately | hour, then 
transferred to a nylon membrane by electroblotting. 
Prestained standards were included in each gel for 
identification of the apparent molecular weight of sam- 
ples. After transfer, the membranes were incubated in 
the following solutions to identify annexin I: Tris- 
buffered saline solution (50 mmol/L Tris hydrochloride, — 
pH 7.5, and 500 mmol/L sodium chloride) containing 
5% nonfat dry milk, 5% gelatin, and 1% bovine serum 
albumin, 1 hour; Tris-buffered saline solution, two 
changes, 5 minutes each; monoclonal mouse antihu- 
man annexin I (Zymed Labs, San Francisco), 12 to 18 
hours; Tris-buffered saline solution containing 1.0% 
Tween-20, three changes, 20 minutes each to block, 
goat antirabbit immunoglobin G conjugated to alkaline 
phosphatase (Promega, Madison, Wis.) diluted 1: 
10,000 in Tris-buffered saline solution, 2 hours; and 
Tris-buffered saline solution containing 1.0% Tween- 
20, three changes, 20 minutes each. Immunoreactive 
bands were visualized by addition of substrate (ni- 
iroblue tetrazolium 100 pg/ml, 5-bromo-4-chloro,3-in- 
doyl phosphate 50 \2/ml) in developing buffer (50 
mmol/L Tris chloride, pH 10.4, 100 mmol/L sodium 
chloride, 3 mmol/L magnesium chloride). The resultant 
bands were then scanned and analyzed with Image 
Quant Software (Molecular Dynamics, Sunnyvale, 
Calif.). 

Total ribonucleic acid (RNA) was extracted by means 
of the RNAzol B method (Cinna/Botecx, Friendswood, 
Texas) of Chomczynski and Sacchi.*’ Briefly, the frozen 
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tissue was powdered in a liquid nitrogen—chilled mortar 
and pestle and homogenized with 5 ml of guanidine- 
phenol mix (RNAzol B) per gram of tissue. One milli- 
liter of chloroform per 10 ml of homogenate was 
added, and the samples were shaken and left on ice for 


5 minutes. Centrifugation at 12,000g for 15 minutes © 


produced a lower phenol-chloroform phase and an 
upper aqueous phase containing the RNA. The aque- 
ous layer was then transferred to a fresh tube and the 
RNA was precipitated by addition of an equal volume of 
isopropanol, Samples remained on ice for 15 minutes 
and were then centrifuged at 12,000g for 15 minutes to 
pellet the RNA. The supernatant was decanted and the 
pellet washed with 75% ethanol. The RNA was pelleted 
by centrifugation for 15 minutes at 12,000g and ethanol 
was removed by lyophilization (5 minutes). The lyoph- 
iized RNA was reconstituted in 200 to 500 wl of 
diethylpyrocarbonate treated water. Purity of sample 
was assessed by the ratio of absorbance at 260 and 280 
nm. RNA concentration was determined by the absor- 
bance at 260 nm, assuming that 40 ng of RNA per 
milliliter equaled 1 absorbance unit. 

RNA was separated by electrophoresis on i 2% aga- 
rose-formaldehyde (6 mol/L) gels in denaturing buffer 
(0.1 mol/L 3-[N-morpholino]propanesulfonic acid, 40 
mmol/L sodium acetate, and 5 mmol/L ethylenedi- 
aminetetraacetic acid). Quality of the RNA obtained 
and size of annexin I mRNA were determined by 
ethidium bromide staining and Northern blotting. Be- 
fore electrophoresis samples were diluted to 50 pg RNA 
per milliliter in denaturing buffer, 2.2 mol/L formalde- 
hyde. and 50% formamide. Gel-loading buffer (50% 
glycerol, 1 mmol/L ethylenediaminetetraacetic acid, 
0.25% bromophenol blue, and 0.25% xylene cyonol FF) 
was added, and the samples were denatured by incuba- 
tion at 65° C for 15 minutes. The gel was prerun for 5 
minutes at 5 V/cm and 10 ug of total RNA was loaded 
in each lane. Electrophoresis was then carried out at 3 
to 4 V/cm for 2 to 5 hours until the bromophenol blue 
had migrated 8 cm. After ethidium bromide staining, 
the gels were examined to ensure that there was little or 
no indication of degradation (by the presence of low- 
molecular-weight material in the region adjacent to the 
28S RNA), and the positions of the 18S and 28S RNA 
were measured. Formaldehyde buffer was removed 
from the gel by two incubations in diethylpyrocarbon- 
ate-treated distilled water for 30 minutes. 

RNA was transferréd to a nylon membrane by 
upward capillary elution with 20x _ saline-sodium 
citrate (concentration of 1 X saline-sodium citrate: 150 
mmol/L. sodium chloride and 50 mmol/L sodium cit- 
rate, pH 7.0) and cross-linked to the membrane by 
exposure to 1200 J/cm? of ultraviolet light. The mem- 
brane was prehybridized for 2 hours at 68° C in hybrid- 
ization solution (6X saline—-sodium citrate, 0.5% so- 
dium dodecyl sulfate, and 1X background quencher 
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[Molecular Research Center, Cincinnati]). Hybridiza- 
tion was carried out for 16 to 24 hours in hybridization 
solution containing 10 nmol/ml digoxigenin-labeled an- 
nexin I complementary deoxyribonucleic acid (cDNA). 
cDNA to annexin I was kindly provided by Dr. Barbara 
Wallner (Biogen Corporation, Cambridge, Mass.). 
Digoxigenin labeling was carried out with the Genius I 
kit (Boehringer Mannheim, Indianapolis). The stoichi- 
ometry of incorporation of digoxigenin into cDNA 
probe and the concentration of the labeled probe were 
determined by dot blotting compared with digoxigenin- 
labeled pBR322 of known concentration (Boehringer 
Mannheim). After hybridization the membrane was 
washed as follows: 6x saline—sodium citrate, 1% so- 
dium dodecyl sulfate, 5 minutes, 25° C (twice); 0.2 x 
SSC, 1% sodium dodecyl sulfate, 65° C, 20 minutes 
(twice). 

Detection of the cDNA probe was then carried out 
with an antidigoxigenin antibody conjugated with alka- 
line phosphatase (Boehringer Mannheim) through a 
series of washing and incubation steps. The alkaline 
phosphatase acted on the chemiluminescent substrate 
adamantyl-1,2-dioxetane phosphate (Tropix, Bedford, 
Mass.) to produce light. The membrane was subjected 
to photofluorography in a cassette with X-OMAT AR 
x-ray film (Eastman Kodak, Rochester, N.Y.). Initial 
exposure to x-ray film was for 2 hours to determine 
signal strength and background. Additional exposures 
were made, ranging from 1 minute to 7 days. After 
exposure of Northern blots, the size of mRNA was 
determined relative to the 18S and 28S bands. 

Quantitation of the mRNA was achieved with a Min- 
ifold II slot blot device (Schleicher & Schuell, Kenne, 
N.H.). For each sample 100 pl samples containing 10, 
3, and 0.9 wg of RNA were diluted with 300 wl of buffer . 
containing 6.15 mol/L formaldehyde and 10x saline— 
sodium citrate in diethylpyrocarbonate-treated water 
and then incubated at 65° C for 15 minutes. Samples 
were loaded into individual wells at all three concentra- 
tions from eight patients in each group. After the RNA 
was bound to the membrane, the wells were washed 
(three times) with 10 saline-sodium citrate and then 
cross-linked with ultraviolet light. Hybridization to 
digoxigenin-labeled annexin I cDNA and exposure 
were accomplished as described. Quantitation of the 
slot blots was achieved with a Hoefer densitometer 
(Hoefer Scientific Instruments, San Francisco). 

Statistical significance was calculated with the Wil- 
coxon rank sum test for nonparametric analysis. 


Results 


Placentas were collected and the membranes pro- 
cessed from eight term vaginal deliveries and eight 
term cesarean sections. None of the women undergoing 
cesarean section had any contractions, as determined 
by external tocodynamometry. The mean gestation and 
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Fig. 1. Western blot of annexin J in human amnion identified by monoclonal antibody. Eight tissue 


samples, each before or after labor, are shown. 
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Fig. 2. Measurements of annexin I protein concentration in 
human amnion. Mean and indiv-dual integrated optical den- 
sity values from labor and nonlJabor groups of tissues are 
shown. Asterisk, Labor significantly different from no labor 
(p < 0.05, Wilcoxon rank sum test). 


parity at delivery (38.8 weeks and 0.6 [vaginal] vs 39.2 
weeks and 0.9 [cesarean section]) were similar in each 
group. Tissue processing and RNA extraction were 
uniform, as determined by recovery of RNA and ab- 
sence of degradation products on ethidium bromide— 
stained gels (results not shcwn). 

A Western blot of annexm I from the two groups is 
shown in Fig. 1. Annexin I ran as a single band at 35 kd, 
a molecular size that agrees with previously published 
data.'ë Equal amounts of protein were loaded in each 
lane, and the annexin I protein was identified with a 
specific monoclonal antibody. The immunoreactive 
bands were visualized and subjected to quantitative 
analysis. The mean integrated optical density of the 
nonlabor group was 635 + 65 units (mean + SEM) 
compared with 320 + 45 units in the labor group (Fig. 
2). This represents a reduction with labor of approxi- 
mately 50% and is statistically significant (p < 0.05) by 
the Wilcoxon rank sum test. 

A representative Northern blot of two samples from 








Labor No Labor 


Fig. 3. Representative Northern blot of mRNA hybridized to 
annexin I cDNA. Two samples each shown from labor and 
nonlabor amnion. 


each group is shown in Fig. 3. The mRNA bands were 
recognized by the cDNA to annexin I. The 285 and 185 
bands were determined from the ethidium bromide— 
stained gel. The size of the annexin I mRNA was 
approximately 1.8 kb, which agrees with previous pub- 
lished reports.” There was a noticeable difference in 
the amount of annexin I mRNA in the labor compared 
with the nonlabor group. 

To quantitate this difference, we prepared eight sam- 
ples from each group for slot blotting (Fig. 4). There 
was a reduction in intensity of the bands with the 
dilution of each sample from 10 to 0.9 wg of total RNA, 
confirming that the conditions for hybridization and 
detection of the exposure allowed comparison of the 
relative amount of mRNA in each sample. The samples 
containing 3 pg of RNA were scanned and quantitated 
by densitometric analysis, because there were no sam- 
ples in this group that appeared to saturate the film in 
a 2-hour exposure. 

The mean integrated optical density of the nonlabor 
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Fig. 4. Slot blot of amnion mRNA hybridized to annexin I cDNA. Eight samples from each of labor 
and nonlabor groups were loaded (0.9, 3, and 10 pg of total RNA applied). 


group was 1912 + 464 (mean + SEM) and that of the 
labor group was 840 + 139 (Fig. 5). This represents a 
> 50% reduction in annexin I expression with labor. By 
nonparametric analysis (Wilcoxon rank sum test) the 
reduction of annexin I mRNA seen with labor is statis- 
tically significant (p < 0.05). There were two outlying 
values for mRNA concentrations in the nonlabor group 
(Fig. 5). Even if these two values were excluded the 
difference was still significant. 


Comment 


The annexin superfamily of proteins has been de- 
fined by structural homology and by shared biochemi- 
cal characteristics.” 7” Because of the high-affinity in- 
teraction of annexins with phospholipids, a number of 
annexins were initially identified as direct phospholi- 
pase inhibitors. It was subsequently demonstrated that 
the annexins as a familv serve as excellent inhibitors of 
phospholipase activity in vitro but act by substrate 
sequestration.” ®” Because individual annexins may 
represent as much as 1% of total cellular protein,” this 
substrate depletion model for inhibition of phospholi- 
pase may be physiologically relevant because of the 
specificity of annexin binding to certain classes of phos- 
pholipids. High-affinity binding to negatively charged 
phospholipids such as phosphatidylserine and phos- 
phatidylinosito]l has been demonstated in the presence 
of calcium,** and individual annexins show differential 
binding.” Further, differential binding specificity is 
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Fig. 5. Measurement of annexin I mRNA in human amnion. 
Mean and individual integrated optical density values for 
annexin I mRNA in eight 3 wg samples of total RNA from 
labor and nonlabor groups are shown. Asterisk, Labor signifi- 
cantly different from no labor (p < 0.05, Wilcoxon rank sum 
test). 


shown by individual annexins toward the fatty acids 
contained in phospholipids, particularly toward those 
containing arachidonic acids.*° Therefore alteration in 
the binding of annexins to phospholipids as a result of 
covalent modification, changes in the concentration, or 
changes in the proportion of individual annexins in a 
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given cell type would be expected to alter the interac- 
tion of phospholipase A, with phospholipid membranes 
and thereby alter arachidonic acid mobilization and 
prostaglandin production. 

In these studies we have confirmed our initial obser- 
vations’? that the concentration of annexin I in amnion 
is significantly reduced in tissues obtained after labor 
when compared with those obtained before labor. Fur- 
thermore, this reduction in annexin I concentration is 
associated with a significant reduction in annexin I 
mRNA expression in the same tissues. Thus it appears 
that there may be physiologic regulation of annexin I 
expression at parturition and that annexin I has a 
functional role in the mechanism of labor. 

Prostaglandins initiate or sustain human labor.** The 
rate-limiting step in their production is thought to be 
the release of arachidonic acid, catalyzed by phospho- 
lipase Ag.'' Human labor is thought to be heralded by 
a local change in the estrogen/progesterone ratio?” that 
initates, among other actions, prostaglandin produc- 
tion. Gurpide et al.” have demonstrated that proges- 
terone can decrease annexin output by cultured human 
endometrium. Perhaps a change in the steroid environ- 
ment may have led to the significant reduction in 
annexin I mRNA in vivo in human amnion. A study of 
the effects of sex steroids on annexin expression is a 
likely next step in the study of annexin regulation and 
function in the human fetal membranes. 
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Validation of noninvasive fetal renal artery flow 
measurement by pulsed Doppler in the lamb 


Jean-Claude Veille, MD, Jorge P. Figueroa, MD, PhD, and Eberhard Mueller-Heubach, MD 


Winston-Salem, North Carolina 


OBJECTIVE: Our objective was to evaluate the accuracy of quantitative measurement of blood flow of the 
left renal artery in the fetal lamb by means of range-gated, two-dimensional pulsed Doppler ultrasonography. 
STUDY DESIGN: Doppler measurements were compared with invasive measurements obtained with a 
perivascular flow probe (Transonic) placed on the fetal renal artery. Renal blood flow was manipulated 
acutely either by volume expansion or depletion or by means of pharmacologic agents. With each manipula- 
tion values of the left fetal renal artery blood flow were obtained with both methods. The size of the fetal renal 


artery was determined by postmortem examination. 


RESULTS: A total of 36 paired flow measurements were obtained on five fetuses. One fetus had only Tran- 
sonic determination of rena! blood flow. Pulsed Doppler ultrasonography blood flow and transit-time ultra- 
sonography blood flow estimations were correlated (F = 82.4, R? = 0.73,p < 0.007). 

CONCLUSION: This study suggests that two-dimensional pulsed Doppler can reliably estimate renal blood 


flow in the fetal lamb. (Am J Opstet Gynecot 1992;167:1663-7.) 


Key words: Fetal renal blood flow, pulsed Doppler, fetal lamb 


Validation of quantitative measurements of pulsed 
Doppler is limited in the fetus when compared with 
measurements in infants or adults." Qualitative mea- 
surements of blood flow through the umbilical artery, 
placental arcuate artery, and uterine artery have been 
reported in an attempt to assess the uteroplacental 
circulation. Most of these reports have used continuous- 
wave Doppler to evaluate downstream hemodynamics 
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as a reflector of resistance to flow.* Pulsed Doppler has 
allowed the examination of specific areas of interest.’ As 
a result of this more precise technology, quantitative 
measurements of blood flow across the fetal heart and 
its great vessels have been recently published*; however, 
validation of these techniques in the human fetus 1s very 
difficult. The fetal lamb is a suitable animal model for 
experimentation and for validation of these noninvasive 
techniques because its size at birth is comparable to that 
of the human fetus and because the sheep uterus 
tolerates surgery well.” ê The purpose of this study was 
to compare measurements obtained with noninvasive 
pulsed Doppler and those obtained with a perivascular 
transit time (Transonic, Transonic Systems Inc., Ithaca, 
N.Y.) flow probe placed on the left renal artery of the 
fetus. Documentation of the feasibility and reliability of 
such a noninvasive technique may then allow the study 
of normal] and abnormal fetal renal perfusion.’ 
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Material and methods 


Six pregnant sheep underwent operation between 
120 and 130 days of gestation. All animals received 20 
mg/kg of ketamine intramuscularly as premedication. 
Induction of general anesthesia was performed with a 
facial mask and 2% halothane in oxygen. Intubation 
was carried out, and continuous halothane-oxygen was 
used to maintain continuous anesthesia. Maternal ca- 
rotid artery and jugular vein catheters were placed and 
secured. An infusion of 5% dextrose in lactated Ringer’s 
solution was started at 100 ml/hr through the maternal 
jugular vein. A laparotomy was carried out. The posi- 
tion of the fetus was determined, and the fetus was 
externally rotated to place the left side of its back in an 


upward position. The fetal dorsal spine was maintained 
in place manually through the uterus, and a 5 cm linear 
uterine incision was made along the fetal spine. One of 
the lower limbs was delivered gently with careful atten- 
tion to avoid amniotic fluid loss and umbilical cord 
compression. The fetal femoral artery and vein were 
cannulated with polyethylene catheters (0.04 inch inner 
diameter and 0.07 inch outer diameter, Norton Plastic, 
Akron, Ohio). After all the catheters were secured and 
the skin was sutured, the limb was returned to the 
uterus. Through the same uterine incision the lower 
end of the rib cage was felt, and a 3 cm left paraverte- 
bral incision was made. The retroperitoneal space was 
carefully dissected to visualize the abdominal aorta. The 
left kidney was identified, and the perirenal fat was 
carefully teased off with cotton swabs. Lidocaine was 
dripped on the renal pedicle, to avoid spasm of the 
artery. The renal vascular pedicle was then followed up 
to the kidney and freed of any adjacent fat over a length 
of about 2 cm. The fetal renal artery was isolated from 
its vein and nerve. A right-angle instrument was gently 
placed under the vessel to create an opening large 
enough to place a 2 mm transit-time flow probe around 
the renal artery. The probe was positioned on the 
proximal end of the fetal renal artery and secured by a 
sliding self-retaining plate that was dropped on the 
other side of the vessel. The flow probe cable was 
anchored to the paravertebral muscles, and before the 
fetal skin incision was closed, flow baseline was ob- 
tained. The hysterotomy was closed with a continuous 
2-0 chromic suture. All Transonic and pulsed Doppler 
studies were carried out with the abdomen open. 

Blood flow estimation 

Transonic transit-time flow probe measurement. Before 
each experiment the flow probe was placed in a plastic 
beaker containing 20 ml of saline solution, to document 
flow shift as the probe was moved back and forth in the 
beaker. Zero baseline flow readings were low and stable. 
After the placement of the miniaturized 2S flow probe 
on the fetal renal artery, the flow meter cable was 
connected to an analog meter (T101D, Transonic Sys- 
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tems, Inc.) to get an instantaneous readout of volume 
rate of flow either as mean or as pulsatile volume flow. 
Transonic flowmeters are unaffected by changes in flow 
profile, and are insensitive to turbulence, hematocrit, 
vessel or probe alignment, electrical noise, or vessel 
diameter.” In vivo validation of the probe has an abso- 
lute accuracy of 5.1% when compared with radioactive 
microspheres.” Flow was recorded on a multichanneled 
recorder. 

Pulsed Doppler measurements. A Biosound ultrasonog- 
raphy machine (Indianapolis) was used to obtain the 
two-dimensional, oriented, pulsed Doppler with the 
transducer placed on the closed uterus. The 3 MHz 
annular array transducer was used to locate the left fetal 
kidney, the fetal renal artery, and the Transonic flow 
probe. The sample size and the angle of incidence of 
the pulsed Doppler with the artery were kept ‘to a 
minimum to obtain a maximal peak systolic frequency 
shift. The fetal renal artery was examined, and the 
returned echoes were displayed at a speed of 100 
mm/sec on an on-screen monitor and then stored on 
tape. Simultaneous recording of both the transit-time 
flow probe and the pulsed Doppler signals resulted in 
acoustic noise, which made simultaneous signals diffi- 
cult to acquire. For this reason ultrasonographic pulsed 
Doppler signals were first obtained and stored on tape, 
and immediately thereafter the Transonic signals 
(mean flow) were recorded on the eight-channel re- 
corder. The exact times at which both Doppler signals 
were obtained were marked on the ultrasonographic 
recordings to analyze and compare at a later time the 
results of the invasive and noninvasive flow measure- 
ments. The videotape images were displayed on ‘a 
monitor, and the individual pulsed Doppler waveforms 
were traced with a light pen. By depressing the pen tip 
against the screen, the Doppler curve was traced. By 
means of a commercially available digital analyzer 
(Digisonics, Houston) the time velocity integral was 
computed. A minimum of three cardiac cycles was 
analyzed and averaged. Blood flow was calculated by 
multiplying the averaged time velocity integral by the 
area of the vessel. The area of the vessel was calculated 
by this formula: 

(D*) 
| A= (2) 
where D is the dimension of the vessel and A is the area 
of the vessel. 

Experimental protocol. Pulsed Doppler and Tran- 
sonic baseline values were first obtained on all animals 
as described. 

Volume expansion. Twenty milliliters of maternal blood 
was withdrawn from the maternal carotid artery. This 
blood was then injected into the fetal femoral vein 
catheter over 2 minutes. Pulsed Doppler and, immedi- 
ately thereafter, Transonic flows were obtained. 
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Fig. 1. Correlation between Transonic invasive fetal renal flow measurements at various volumes and 
pulsed Doppler measurements obtained noninvasively. Each different symbol represents a different 


animal. 


This sequence was repeated after transfusion of an 
additional 20, 40, and 80 mi of maternal blood into the 
fetal femoral vein. At each increment values for both 
noninvasive and invasive fetal renal artery blood flow 
were obtained. 

Vasoconstrictor injection. In a stepwise manner 10, 20, 
50, and 100 ug of phenylephrine were injected into the 
fetal femoral vein. Subsequent pulsed Doppler-Tran- 
sonic recordings were obtained after each injection. 

Volume depletion. Fifty milliliters of fetal blood was 
removed at a time. Three successive withdrawals were 
made. Noninvasive and invasive recordings of the fetal 
renal artery blood flow were obtained at the end of each 
withdrawal. 

The size of the fetal renal artery was determined at 
postmortem examination by means of a hand-held 
caliper, because the fetal renal vascular walls were 
difficult to measure with the available equipment. The 
kidney was weighed after removal of all perirenal fat 
and the capsule. All fetuses were weighed at the end of 
the experiment. 

The relationship between noninvasive Doppler mea- 
surements and the perivascular flow probe values were 
compared with either linear, logarithmic, or exponen- 
tial models. Statistical analysis was performed with a 
paired ¢ test between the pulsed Doppler values and 


those obtained with the Transonic flow probe. A p value 
of <0.05 was used for significance. 


Results 


Fig. 1 illustrates the relationship between 36 paired 
Invasive and noninvasive measurements of the fetal 
renal blood flow. All of the five animals had a paired 
baseline measurement, and had volume expansion— 
paired measurements. Four animals also had volume 
depletion and phenylephrine administration. Baseline 
measurements were also obtained between each inter- 
vention, but these paired results were not included in 
the 36 reported paired observations. Within the limits 
of this model with its relatively small renal arteries, a 
good agreement between the two techniques was found. 

The values obtained by pulsed Doppler (noninvasive) 
and the values obtained by the Transonic (invasive) 
Instrument best fitted a linear regression model analy- 
sis. A significant relationship was found between the two 
techniques (r = 0.85, R?” = 0.73 with an F value of 82.4, 
p < 0.001; Fig. 1). 

Baseline renal flow ranged between 6.2 and 13.6 
ml/min or 82.0 to 126.3 ml/min per 100 gm of kidney 
for the Transonic value and 59.9 to 122.8 ml/min per 
100 gm for the baseline pulsed Doppler. The range of 
flows obtained during experimental blood volume vari- 
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Fig. 2. Representative illustration of different fetal renal artery blood flow values obtained by means 
of only the Transonic invasive flow probe on one animal. Fetal plasma volume was et ae by 
means of either volume expansion, volume depletion, or vasoactive substance injection. 


ation ranged from 1.2 to 19.0 ml/min. The range of 
flows estimated per 100 gm of fetal kidney during this 
experimental protocol were between 13.5 and 228.1 
ml/min; 

Paired values for Doppler and Transonic flow probe 
measurements were obtained in five animals. The sixth 
_ animal: had only Transonic measurements of the fetal 
renal artery blood flow. This animal is used to illustrate 
the response to volume and pharmacologic manipula- 
tion (Fig. 2). With volume expansion fetal renal blood 
flow significantly increased. Phenylephrine caused an 
immediate but transient decrease in fetal renal blood 
flow. Volume depletion prompted a marked and long- 
lasting decrease in fetal renal blood flow. 


Comment 


Various methods have been used to study renal blood 
flow in fetal and adult animals. These methods include 
clearance of paraaminohippuric acid,’* '' electromag- 
netic flow meters,'’* '° and radioactive microspheres." 
Doppler velocimetry has the attractiveness of being 
noninvasive and has had some applications in the study 
of the human fetus. Although this technique of measur- 
ing renal blood flow with Doppler has previously been 
validated against other methods in the adult, quanti- 


tative validation of external pulsed Doppler in the fetus 
has not previously been done. 

Our series of manipulations of the renal circulation in 
the fetal lamb demonstrates a strong correlation be- - 
tween noninvasive pulsec: Doppler and invasive perivas- 
cular flow probe measurements of fetal renal artery 
blood flow across a wide range of flow values. Our study 
indicates that noninvasive pulsed Doppler estimation of 
fetal renal artery blood flow provides an excellent 
representation of renal blood flow in the fetal. lamb. 
With the use of improved resolution in ultrasonogra- 
phy, this technique could allow, in a reliable fashion, the 
estimation of fetal renal artery blood flow in the human 
fetus under different physiologic and pathologic condi- - 
tions. 

Measuring the Hamer of the fetal renal artery was 
the most difficult part of the study. With the equipment 
available for this study pulsed Doppler waveforms were 
reproducible and relatively easy to obtain. Placing the 
Doppler probe over the uterus gave us the ability not 
only to visualize the fetal artery properly but also to 
keep the Doppler angle as close to zero as possible, 
giving the best and most reproducible Doppler tracing. ` 
The precise location of the walls of the fetal artery could 
not be reliably determined at all times during this 


Volume 167 
Number 6 


study. The resolution of the echocardiography equip- 
ment used gave good Doppler spectral display but 
lacked the imaging to delineate precisely this small 
vascular structure. Measurement of the diameter of the 
fetal renal artery could be a limiting factor for the 
quantitative estimations of the fetal renal blood flow in 
smaller fetuses. Color Doppler in the fetus may improve 
the operator's ability to define the diameter of small 
vessels as the color fills the entire diameter of vessels. 

Pulsed Doppler may have important applications in 
perinatal medicine. It may permit evaluation and mon- 
itoring of fetal renal blood flow during fetal develop- 
ment and may be especially valuable in cases with 
intrauterine growth retardation. As reported previously 
during the validation of fetal aortic blood flow in the 
fetus, two-dimensional pulsed Doppler. can reliably 
quantify flow through small fetal vascular structures.* 
Technically, these studies can be difficult to perform 
because of fetal position, fetal breathing movement, or 
fetal size. Extrapolation of our results to human fetuses 
has to be made with caution. However, a relative de- 
crease in fetal renal blood flow during serial human 
fetal evaluation may reflect a deterioration in the in- 
trauterine environment, necessitating closer fetal sur- 
veillance and possibly early delivery. Another potential 
application of this technique could be the monitoring of 
patients on a regimen of prostaglandin inhibitors such 
as indomethacin. Chronic administration of such agents 
is known to cause oligohydramnios. Fetal renal Doppler 
monitoring may be helpful to monitor fetal renal effects 
of such therapy. At this time, the use of pulsed Doppler 
to quantitate fetal blood flow through small or even 
large fetal structures should be considered a tool for 
research studies. | 
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Effects of maternal administration of 3% carbon dioxide 
on umbilical artery and fetal renal and middle cerebral 


artery Doppler waveforms 


Jean-Claude Veille, MD, and Mary Penry, RN, RDMS 
Winston-Salem, North Carolina 


OBJECTIVE: The null hypothesis is that umbilical, middie cerebral, and renal artery pulsed Doppler 
velocity waveforms in the normal term fetus may be affected during short-term maternal inhalation of 3% 


carbon dioxide gas mixture. 


STUDY DESIGN: Seventy-two observations were made on 14 term fetuses before and during maternal 
3% carbon dioxide gas mixture inhalation. The umbilical, middie cerebral, and renal arteries of these 
fetuses were sampled with pulsed Doppler velocity. waveforms and recorded on a strip chart at a preset 
speed of 50 mm/sec. Doppler waveforms were analyzed for differences in the systolic peak to . 
end-diastolic velocity ratio for these three vascular beds. Peak flow velocity and time velocity integral were 
. also analyzed for the cerebral and renal vascular beds. The data were analyzed with the paired t test. 
RESULTS: A significant decrease in the systolic-to-diastolic-velocity ratio of the middie cerebral artery 
occurred with 3% carbon dioxide inhalation (p < 0.02). The other vascular beds had no demonstrable 


change. 


CONCLUSION: Transient maternal breathing of 3% carton dioxide gas mixture selectively causes a 
decrease in resistance in the fetal cerebral circulation. (Am J Osster Gyneco 1992;167:1668-71.) 


Key words: Pulsed Doppler waveforms, maternal carbon dioxide inhalation 


Respiratory acidosis can occur during the course of 
normal labor. Most transient episodes of respiratory 
acidosis are well tolerated by healthy fetuses,’ but such 
biochemical alterations may in turn alter resistance of 
regional vascular beds in response to a local increase in 
the concentration of carbon dioxide.” * Maternal inha- 
lation of concentrations of 3% to 5% of carbon dioxide 
have been found to be safe and relatively well tolerated 
by patients. During inhalation of such gas mixture fetal 
breathing movements increase significantly without af- 
fecting fetal heart rate in uncomplicated pregnancies." 
The effects of transient maternal hypercapnia on term 
human fetal regional circulation has not been previ- 
ously reported. The purpose of the current study was to 
determine the effects of maternal inhalation of a 3% 
carbon dioxide gas mixture on the pulsed Doppler 
velocity waveforms of three fetal vascular beds: umbili- 
cal artery, fetal renal artery, fetal middle cerebral artery. 
The study goals were as follows: (1) to document the 
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response to increasing maternal hypercapnia of these 
vascular beds, (2) to document any regional differences 
between these vascular beds, and (3) to document and 
quantify the extent of the response to carbon dioxide. 


Material and methods 


Fourteen patients were asked to participate in this 
study. All were 236 weeks of pregnancy and had no 
complication during pregnancy. All gave informed con- 
sent that was approved by the institutional review board 
of the hospital. All patients were in the left lateral 
decubitus position during the entire period of observa- 
tion. None were taking or had received any medications 
before the study other than prenatal vitamins. A com- 
prehensive ultrasonographic examination was per- 
formed to document fetal anatomy and placental loca- 
tion. The pulsed Doppler sample volume was sequen- 
tially placed in the lumen of the umbilical artery at its 
placental insertion, in the lumen of the renal artery, and 
in the lumen of the middle cerebral artery. The pulsed 
Doppler sample volume and the pulsed Doppler angle 
were kept as small as possible so as to be within the 
vessel and parallel to the vascular bed that was ana- 
lyzed. The pulsed Doppler power output was set to the 
lowest values, and the filter gate was set at 50 mHz. The 
Doppler time exposure was kept to a minimum. Pulsed 
Doppler velocity waveforms of these vascular beds were 
recorded on a strip chart that was preset at a speed of 
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Table I. Results of Doppler waveforms 


Umbilical systolic- 2.6 + 0.1 3.0 + 0.1 NS 
to-diastolic ratio 
Renal systolic-to- 66206 7.2 + 0.5 NS 


diastolic ratio 
Middle cerebral 

systolic-to- 

diastolic ratio 


4.7+04 365404 p< 0.02 


NS, Not significant. Period I, Control period before carbon 
dioxide inhalation; period 2, experimental period during 3% 
carbon dixoide inhalation. 


50 mm/sec.” All the Doppler velocity waveforms were 
obtained during the baseline period while the fetus was 
not active or making fetal breathing movements. The 
patient was then asked to place a tightly fitting mask 
over her nose and mouth for 5 minutes, during which 
time the patient inhaled room air (acclimatization pe- 
riod). Maternal end-tidal Pco, was monitored through 
an outport from the mask, which was connected to an 
on-line infrared carbon dioxide analyzer. After this 
initial 5-minute period, a 3% carbon dioxide gas mix- 
ture was added for 15 minutes at a flow rate of 5 L/min. 
Maternal end-tidal Pzo was again recorded during 
carbon dioxide inhalation while the Doppler waveforms 
were obtained. Pulsed Doppler velocity waveforms of 
the umbilical, renal, and middle cerebral arteries were 
obtained during the tenth to the fifteenth minute of the 
carbon dioxide inhalation. Although carbon dioxide 
stimulated fetal breathing movements, all Doppler ve- 
locity waveforms were obtained during apnea. A mini- 
mum of three to six pulsed Doppler velocity waveforms 
per vascular beds were digitized with an electronic 
handheld pen and a tablet connected to an on-line 
personal computer (Digisonics, Houston, Tex) and av- 
eraged. The ratio of the peak systolic velocity to the 
minimum end-diastolic velocity was computed for the 
three vascular beds. Peak flow velocity and the time 
velocity integral (velocities under the curve) were also 
computed for the fetal renal and middle cerebral artery 
Doppler waveforms. A paired ż test was performed to 
determine significance. A p value <0.05 was used to 
reject the null hypothesis. 


Results 


A total of 72 observations was obtained on the 14 
fetuses before (period 1) and just before the end of 
(period 2) maternal inhalation of the 3% carbon diox- 
ide gas mixture. Doppler waveforms were obtained 
during both periods in all 14 fetuses for the umbilical 
artery, in 13 fetuses for the renal artery, and in nine 
fetuses for the middle cerebral artery. Our inability to 
sample all of the vascular beds during both study 
periods was due to technical difficulty, change in fetal 
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Table II. Results of Doppler waveforms 


Sen 


40.4 + 2.9 43.6 + 2.9 NS 


Vascular bed 


Fetal renal artery 
peak flow velocity 
(cm/sec} 

Fetal renal artery 
time velocity mte- 
gral (cm) 

Middle cerebral ar- 36.9 + 4.0 38.7 + 4.3 NS 
tery peak flow ve- 
locity (cm/sec) 

Middle cerebral ar- 
tery time velocity 
integral (cm) 


77 +06 8.2 £0.7 NS 


8.6 + 0.9 10.4 + 1.2 NS 


NS, Not significant. Period 1, Control period before carbon 
dioxide inhalation; period 2, experimental period during 3% 
carbon dioxide inhalation. 


position, or fetal breathing movement. Maternal base- 
line values for end-tidal Pco, varied from 18% to 23% 
(period 1) and between 19% and 36% during the 3% 
carbon dioxide inhalation (period 2). The mean in- 
crease in end-tidal Pco, during these two time periods 
was 11.5% + 2.4%, Results of the Doppler waveforms 
from these three vascular beds are shown in Tables I 
and II and are expressed as mean and standard error. 

Maternal inhalation of a 3% carbon dioxide gas 
mixture significantly decreased the pulsed Doppler 
peak systolic—to—end-diastolic velocity ratio of the mid- 
dle cerebral artery without significantly changing the 
peak flow velocity or the time velocity integral. The 
peak systolic-to—end-diastolic ratio of the Doppler 
waveform of both the umbilical artery and ‘the fetal 
renal artery did not change significantly during mater- 
nal inhalation of 3% carbon dioxide. Peak flow velocity 
and time velocity integral of the fetal renal artery 
Doppler waveform did not change during these two 
periods of observation. There was no correlation be- 
tween the peak systolic velocity-to—end-diastolic ratio 
and maternal end-tidal Pcos (r = — 0.02). The change 
that occurred in this ratio between the two periods of 
observation was related to the change in maternal 
end-tidal Pco, {r = 0.69). However, the p value for this 
correlation, was 0.056. 


Comment 


A significant decrease in the peak systolic-to—end- 
diastolic ratio of the pulsed Doppler velocity waveforms 
of the middle cerebral artery was found during mater- 
nal inhalation of a 3% carbon dioxide gas mixture. The 
other two vascular beds studied did not significantly 
change during maternal hypercapnia. The decrease 
observed in the middle cerebral artery Doppler wave- 
form was due to an increase in the diastolic component 
of the Doppler velocity waveform. This suggests that 
maternal inhalation of 3% carbon dioxide causes a 
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selective decrease in the vascular resistance of the hu- 
man fetal cerebral circulation. The effect of carbon 
dioxide on cerebral vasculature is known to have a 
significant relaxation on the cerebral vascular muscles 
and consequently influences vascular resistance.” These 
observed effects may be due to direct or local effect of 
a higher carbon dioxide concentration in the fetal 
blood. Intracerebral or extracellular cerebral spinal 
' fluid pH changes that also occur when Pacog increases 
_ may affect cerebral flood flow.’ Carbon dioxide alone, 
however, has not been found to be a very potent 
vasoactive agent. Such effects cause not only a decrease 
in cerebral vascular resistance but also a curvilinear 
increase in cerebral blood flow and blood volume.’ 

The response to increases in Paco, is complex and 
unique when compared with other vascular beds. The 
response to increasing Paco, depends on the degree of 
maturation of the cerebral circulation, the region of the 
brain studied, and the type of species used for the 
experimentation.” In the sheep, for example, the cere- 
brovascular response to carbon dioxide is.less pro- 
nounced in the fetus than in the adult. However, if one 
compares the response of specific areas of the brain to 
carbon dioxide, the results differ. The brain stem is 
more responsive to changes in blood flow with hyper- 
capnia in the fetal lamb when compared with the adult. 
The cerebral region of the adult sheep, on the other 
_ hand, is much more sensitive to high carbon dioxide 
concentration than is the fetal lamb. It is postulated 
that the variability of the response of the cerebral 
vascular bed to increasing Paco, is due to a difference 
in the rate of myelination of the brain tissue which 
occurs at different rates, depending on its region. As a 
result, metabolic demands and oxygen consumption 
vary, which in turn influences regional response to 
Paco, and cerebral blood flow.’® Thus both maturation 
and regional metabolism influence the response of the 
cerebral circulation to increasing levels of carbon diox- 
ide. The current study addresses the response of the 
middle cerebral vascular bed only in term fetuses. The 
same vascular bed in less mature human fetuses may 
respond differently. | 

In 11 term healthy newborn infants, Archer et al.” 
used a 5% carbon dioxide gas mixture to study the 
response of the anterior. cerebral artery by pulsed 
Doppler. He found that the pulsatility index (pulsatility 
index = systolic — diastolic/systolic) significantly de- 
creased with rising end-tidal carbon dioxide. This fall in 
the pulsatility index was caused by an increase in the 
diastolic velocity. These authors concluded that in 
healthy newborns hypercapnia caused cerebral vasodi- 
latation, increased cerebral blood flow velocity, and 
cerebral blood flow.’* In our study on term fetuses we 
found a decrease in the peak systolic-to—end-diastolic 
velocity ratio during maternal hypercapnia. This was 
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due to an increase in values in the end-diastolic velocity 
component of the Doppler waveform. Although both 
the peak flow velocity and the total velocity integral of 
the Doppler waveform increased during maternal car- 
bon dioxide inhalation, this increase was not statistically 
significant. ‘This would suggest that in the term human 
fetus the decrease in the systolic-to-diastolic ratio we 
observed is most likely due to a decrease in the down- 
stream resistance, which most likely occurs at the level 
of the cerebral microvasculature."* It is unlikely, how- 
ever, that the vasodilatory response we observed during 
hypercapnia is a secondary effect to dilatation of the 
large cerebral arteries at the base of the brain of these 
healthy fetuses. If large cerebral arteries had signifi- 
cantly dilated, cerebral blood flow should have in- 
creased. In turn, such increase in cerebral blood flow 


- Should have increased the total velocity integral {1e., 


the area under the curve) in the middle cerebral ar- 
tery.” We could not document any changes in either 
the time velocity integral or the peak flow velocity 
within this vascular bed during our two periods of 
observation. For now, whether the increase in diastolic 
velocity of the middle cerebral artery is associated with 
a corresponding increase in cerebral blood flow re- 
mains speculative. The current results suggest, however, 
that in term, healthy human fetuses the middle cerebral 
artery vasodilates during maternal hypercapnia. This 
study demonstrates a differential response to hypercap- 
nia among these three vascular beds. It also shows that 
the higher the maternal concentration of carbon diox- 
ide, the higher the vasodilatory effect of the middle 
cerebral artery, as found in healthy adults. '* 

No significant change in the Doppler velocity wave- 
forms during maternal inhalation of a 3% carbon diox- 
ide gas mixture could be found in the other two 
vascular beds. The peak systolic-to—end-diastolic veloc- 
ities ratio in the umbilical artery circulation during 
maternal hypercapnia did not significantly change. This 
would suggest that this particular bed does not readily 
respond to such increases in maternal carbon dioxide. 
This insensitivity or low sensitivity may reflect the fact 
that the umbilical circulation is a passive circulation.” 
Similar observations were also found in the ewe during 
3% to 10% carbon dioxide administration. In this ex- 
perimental model no change in the umbilical vascular 
resistance occurred. Even when the fetal arterial Pecos 
rose to 80 mm Hg, only a trivial but nonsignificant 
increase in umbilical vascular resistance could be doc- 
umented.”” 

The baseline values for the ratio between the peak 
systolic-to—end-diastolic velocities of the fetal renal ar- 
tery were elevated, as we previously found in a group of 
term normal fetuses.” This high baseline value for the 
pulsed Doppler velocity waveforms reflects high resis- 
tance of this particular vascular bed.’ The ratio of peak 
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systolic to end-diastolic velocities and the peak flow 
velocity and time velocity integral in the fetal renal 
artery did not change significantly during maternal 
inhalation of 3% carbon dioxide gas mixture. Like the 
umbilical vascular bed, the fetal renal artery does not 
seem to be as sensitive as the middle cerebral artery to 
maternal hypercapnia. Fetal renal vascular resistance 
has been reported to increase during progressive hy- 


percapnia in a semichronic lamb preparation during 


administration of a 20% carbon dioxide gas mixture for 
2 to 3 minutes to the ewe.” In this experimental model 
the rise in the resistance of the fetal renal artery was 


proportional to the rise in the fetal Pacog. The higher. 


the Paco,g, the higher the fetal renal artery vascular 
resistance. Fetuses in which Pacos did not rise signifi- 
cantly did not show this increase in fetal renal artery 
resistance. In the current study neither the peak sys- 
tolic—to—end-diastolic velocities ratio, the peak flow ve- 
locity, nor the time velocity integral of the pulsed 
Doppler velocity waveform of the human fetal renal 
artery changed significantly during maternal hypercap- 
nia. This suggests that this vascular bed in the term 
fetus is not significantly affected by this particular level 
of maternal hypercapnia. Whether a higher concentra- 
tion of carbon dioxide gas mixture could have caused a 
change in the response of this vascular bed remains to 
be studied. 

This study shows that maternal inhalation of 3% 
carbon dioxide selectively affects vascular beds in the 
normal term human fetus. Although the umbilical and 
renal vascular beds did not have a change in peak 
systolic to end-diastolic velocities, vasodilatation oc- 
cured in the middle cerebral vascular bed as evidenced 
by an increase in the diastolic velocity of the Doppler 
waveform. This vascular bed appears to be much more 
sensitive to maternal hypercapnia. This finding would 
support our hypothesis that this particular cerebral 
vascular bed responds differently to maternal hypercap- 


nia than other vascular beds. It would also support the — 


concept of the uniqueness of the response of this 
vascular bed to hypercapnia, as previously described in 
experimental models. It would also suggest that the 
response hypercapnia causes in adults and in other fetal 
experimental animals is operational in term human 
fetuses.” Whether this uniqueness is found in preterm 
fetuses or in fetuses with growth abnormality remains to 
be elucidated. 
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Differential effects of intravenous hydralazine on 
myoendometrial and placental blood flow in hypertensive 


pregnant ewes 


Stephen L. Pedron, MD, Deborah L. Reid, PhD, Jerald M. Barnard, MD, 
Joel B. Henry, MD, Terrance M. Phernetton, BS, and John H.G. Rankin, PhD 


Madison, Wisconsin 


OBJECTIVE: The differential vasoactive effects of hydralazine on the uteroplacental vascular bed were 


studied. 


STUDY DESIGN: After control measurements were taken, near-term chronically prepared pregnant sheep 
were continuously infused with angiotensin Il. Maternal arterial pressure was increased by 32 mm Hg. 
Hydralazine was then administered; the effects on regional resistance and blood flow were evaluated with 
a radionuclide-labeled microsphere technique. Analysis of variance for repeated measures was used to 


compare observations. 


RESULTS: When compared with the hypertensive state, nydralazine caused the following changes by 40 


minutes (mean + SEM): Although maternal blood pressure fell 31% 


+ 5% (p = 0.0005), placental blood 


flow was unchanged, total uteroplacental blood flow increased 24% + 8% (p = 0.03), total uteroplacental 
resistance decreased 43% + 4% (p = 0.0002), placental resistance decreased 19% + 9% (p = 0.01), 
myoendometrial blood flow increased 390% + 82% {p = 0.0005), and myoendometrial resistance 


decreased 82% + 4% (p = 0.0005). 


CONCLUSIONS: In angiotensin ll-induced hypertensive ewes, hydralazine is an effective dilator of the 
uteroplacental vascular bed and can maintain placental blood flow while reducing blood pressure. (Am J 


Osstet Gynecol 1992;167:1672-8.) 


Key words: Hydralazine, blood flow, resistance, uterus, placenta, pregnant sheep 


Hypertensive disorders of pregnancy are managed in 
a myriad of ways. In the intrapartum period manage- 
ment of acute hypertensive. crisis revolves around con- 
trol of blood pressure and delivery of the fetus. In spite 
of an abundance of available antihypertensive agents, in 
obstetric practice the armamentarium for acute control 
is limited by concerns about the impact of therapv on 
the uteroplacental circulation. 

The effects of maternal blood pressure control on the 
fetus must be considered because it has been demon- 
strated in ovine pregnancy that placental blood flow is 
pressure-dependent.' Although a few endogenous sub- 
stances have been demonstrated to cause ovine placen- 
tal vasodilatation, the response is small in late gesta- 
tion.” * In fact, the placenta is thought to demonstrate 
near maximal blood flow in the normal late gestation 
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pregnant sheep.’ The uteroplacental circulation has 
also been shown to respond to vasoconstrictors such as 
angiotensin II. In a pressure-dependent system like 
the ovine placenta, a fall in blood pressure will cause a 
proportional fall in blood flow. However, as outlined 
above, a pressure-passive system can respond to active 
vasodilators. Therefore a drug that decreases both 
blood pressure and placental vascular resistance may 
maintain placental blood flow. In the face of hyperten- 


' sive disorders such as preeclampsia, uteroplacental vas- 


cular perfusion may be reduced’ and antihypertensive 
therapy could theoretically jeopardize the fetus by fur- 
ther decreasing placental blood flow unless the one 
also causes placental vasodilation. 

Hydralazine hydrochloride is perhaps the most time- 
honored medication used to lower blood pressure in 
the intrapartum period. Hydralazine exerts a hypoten- 
sive effect by decreasing peripheral vascular resistance. 
When given parenterally this effect is seen within 10 to 
20 minutes and continues for 2 to 4 hours.’ An arteri- 
olar vasodilator, hydralazine also has positive inotropic 
and chronotropic actions. These effects have been dem- 
onstrated to occur both directly and indirectly. Its 
cardiac effects may be reflex secondarily to decreased 
peripheral resistance.* Hydralazine has also been dem- 
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onstrated to have a direct stimulatory effect on the 
myocardium.’ The mechanism of action of hydralazine 
at the cellular level has not been clearly elucidated, but 
it has been speculated that hydralazine causes an in- 
crease in cyclic guanosine monophosphate.’ Others 
have surmised that hydralazine may affect cyclic aden- 
osine monophosphate or mediate changes in calcium 
binding.” These are also the mechanisms by which 
forskolin and atrial natriuretic factor caused placental 
vasodilation in previous studies in pregnant ewes.” ™ 

The systemic hypotensive and potential placental 
vasodilatory effects of hydralazine are of interest when 
considering placental blood flow. A systemic and pla- 
cental vasodilator might offset the systemic arterial 
pressure drop with decreased placental vascular resis- 
tance. This is particularly applicable in conditions of 
high placental vascular resistance such as preeclamp- 
sia.“ If hydralazine therapy were to decrease both 
systemic and placental vascular resitance, it would fulfill 
the objective of treating maternal hypertension while 
maintaining placental blood flow. 

Our study was undertaken to define further the 
hemodynamic alterations that occur in response to 
hydralazine at the level of the placenta. Angiotensin 
IJ-induced hypertensive sheep were infused with intra- 
venous hydralazine. Separate myoendometrial and pla- 
cental blood flows and resistances were characterized 
over time with a radionuclide-labeled microsphere tech- 
nique. 


Material and methods 


Seven pregnant ewes and eight fetuses of approxi- 
mately 125 days’ gestation were selected for study. 
University of Wisconsin-Madison guidelines for the safe 
and humane care of animals were followed. 

Surgical protocol. Anesthesia was induced with 750 
mg of ketamine (Ketaset, Aveco, Fort Dodge, Iowa) and 
0.8 mg of atropine (atropine sulfate, LyphoMed, Rose- 
mont, Ill), both given by intramuscular injection. A 
maternal internal jugular venous catheter was placed; 
thereafter a 10% ketamine intravenous drip was titrated 
to maintain an adequate level of anesthesia. 

The maternal abdomen, groin, and neck were shaved 
and prepared with povidone-iodine (Betadine) solution, 
and the animal was draped for surgery. A midline ab- 
dominal incision was used, and a hysterotomy was per- 
formed. A fetal hind limb was extertorized. Fetal venous 
and arterial hind limb polyvinyl catheters were advanced 
cephalad approximately 20 cm. Chloramphenicol (Chlo- 
romycetin sodium succinate, Parke-Davis, Morris Plains, 
N.J.; 300 mg) was infused into the hind limb vein. An 
intraamniotic pressure catheter was sutured to the fetal 
hind limb before uterine closure. When one twin gesta- 
tion was encountered a hind limb from each fetus was 
catheterized. The catheter ends were withdrawn through 
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the abdominal incision, tunneled subcutaneously to the 
maternal flank, and brought out through a skin port in 
the flank to be stored in a cloth pouch. Maternal arterial 
catheters were placed in both femoral arteries. A mater- 
nal left ventricular catheter was placed via the internal 
carotid artery. 

The ewe recovered in a sheltered area with free access 
to food and water. On the evening before experimen- 
tation the animal was brought to the laboratory and 
placed in a mobile sheep cart. Experiments were per- 
formed on the fourth postoperative day. 

Experimental protocol. On the morning of the ex- 
periment the catheters were opened and flushed with 
heparinized saline solution. Fetal femoral arterial, femo- 
ral venous, amniotic, and maternal femoral arterial cath- 
eters were connected to calibrated pressure transducers 
(Statham P23dB, Viggo-Spectramed Inc., Oxnard, 
Calif.). Fetal and maternal pressure signals were re- 
corded continuously on a dynograph recorder (Beckman 
R711, Beckman Instruments, Inc., Fullerton, Calif.). 

Maternal and fetal arterial blood samples were ob- 
tained at the beginning of the experiment to evaluate 
the condition of the ewe and fetus. Arterial pH, Pog, 
Pcos, bicarbonate, and base excess were measured at 
37° C and converted to equivalent values at 39° C 
with a pH/blood gas analyzer (Instrumentation Labora- 
tory System 1302, Instrumentation Laboratory Inc., 
Lexington, Mass.). Fetal hematocrit was determined 
with a microcentrifuge (Bio-Dynamic Select-A-Fuge 24, 
Boehringer Mannheim Corp., Indianapolis). 

Maternal blood Hows were determined via injection 
of approximately 1.25 million radionuclide-labeled mi- 
crospheres 15 pm in diameter into the left ventricle. A 
reference blood sample was withdrawn through a ma- 
ternal femoral arterial catheter for 90 seconds, begin- 
ning just before the microsphere injection. Blood sam- 
ples were placed in vials with a paraffin base. Six 
isotopes were randomly selected: iodine 125, cobalt 57, 
tin 113, strontium 85, niobium 95, and scandium 46. 
Fetal blood flows were not measured. 

The dosage of angiotensin II was selected as the 
lowest rate at which a minimum 20% rise in maternal 
arterial pressure could be demonstrated in the animals 
studied. The observed 34% rise is in fact more con- 
sistent with observations made by others at similar 
doses.* In preliminary studies the hydralazine dosage 
required to return maternal arterial pressure to control 
levels was determined in angiotensin II-induced hy- 
pertensive ewes. Thereafter the same dose was used in 
each ewe. 

After blood flow was measured under control condi- 
tions, angiotensin II ([Val°] angiotensin II, Sigma 
Chemical Co., St. Louts) in a saline solution vehicle was 
infused at 9.55 wg/min through the maternal internal 
jugular vein via Harvard pump. The infusion was main- 


1674 Pedron et ai. 


December 1992 
Am J Obstet Gynecol 


Table I. Maternal blood pressure and regional blood flows at rest (control), during angiotensin 
IJ-induced hypertension, and in response to a superimposed 20-minute hydralazine infusion at 20, 


40, 60, and 80 minutes 






Angiotensin 
Hnduced 
hypertension 






Control 







Blood pressure 95.6 + 3.0* 127.9 + 5.2ł 100.6 + 5.3* 89.6 + 8.7* 96.9 + 6.0* 95.4 + 6.2* 
(mm Hg) l i 

Heart rate 113 + 5* 120 + 9t 180 + 22* 203 + 7*t 183 + 3*ł 183 + 3*ł 
(beats/min) 

Blood flow 
(ml/min/gm) 
Total uteroplacental 0.96 + 0.11 0.91 + 0.11 1.12 + 0.15* 1.12 + 0.14* 1.26 + 0.13*ł 1.29 + 0.12*t 
Placental 2.16 + 0.27 2.29 + 0.34 2.29 + 0.38 2.11 + 0.34 2.41 + 0.33 2.48 + 0.31 
Myoendometrial 0.27 + 0.0&* 0.14 + 0.03t 0.46 + 0.06*t 0.58 + 0.06*t 9.61 + 0.05*t 0.6] + 0.03*ł 
Renal 6.1 + 0.42* 4.0 + 0.39+ 4.8 + 0.367 5.1 + 0.31 4.9+ 0.27 4.8 + 0.25 
Adrenal 1.79 + 0.1&* 1.04 + 0.12f 2.41 + 0.37f 2/12 O83" 2.27 = 0.22"7 2.74 + 0.27*t 


Values are mean + SEM. 


*h < 0.05, compared with angiotensin II-induced hypertension. 


tp < 0.05, compared with control. 


tained throughout the experiment. After 20 minutes of 
steady-state angiotensin II-induced maternal hyperten- 
sion, blood flow and maternal arterial blood gas and pH 
measurements were repeated with a pH/blood gas an- 
alyzer. Hydralazine (Apresoline, Ciba, Summit, N.J.) in 
a saline solution vehicle was then added to the infusion 
at 3.83 mg/min for 20 minutes, at which time maternal 
mean arterial pressure returned to the contro! level. 
Blood flow and maternal and fetal arterial blood gas 
and pH studies were repeated (20 minutes), and the 


hydralazine infusion was discon-zinued. To develop a- 


time-related response curve, three further blood flow 
measurements were performed 40, 60, and 80 minutes 
after the beginning of the antihypertensive period. 
Further maternal arterial blood gas and pH analyses 
were performed at-40 minutes and again at 80 minutes. 


A third and final fetal arteria. blood gas and pH, 


measurement was made at 80 minutes. 

At the end of the experiment the sheep was given 
intravenous solution (Beuthanasia-D Special, Schering- 
Plough Animal Health, Kenilworth, N.J.) followed by 
intracardiac injection of saturated potassium chloride. 
After the animal died, the maternal abdominal incision 
was opened. The uterus, kidneys, and adrenal glands 
were removed. The uterus was opened to deliver the 


fetus. In preparation for submission to a ‘y-counter, . 


placental cotyledons were excised, weighed, and ho- 
mogenized in a blender (Waring Blendor, Waring Prod- 
ucts Div., Dynamics Corp. of America, New Hartford, 
Conn.). Cotyledons from the twin gestation were sepa- 
rated and each placenta evaluated individually. Sam- 
ples of the homogenate were pleced in glass vials. The 
myoendometrium and kidneys were treated likewise. 
Adrenal glands were placed directly into sample vials, 
which were then placed in a gamma counter (Nuclear 


Chicago 1185) with a multichannel analyzer (Norland 
5430, Norland Corp., Fort Atkinson, Wis.). Radioactive 
tissues were disposed of in accordance with Wisconsin 
health standards. 

Maternal adrenal, renal, myoendometrial, and pla- 
cental blood flows were calculated according to the 
principles described by Makowski et al.” Organ resis- 
tance was calculated by dividing maternal blood pres- 
sure by organ blood flow per gram. Data were analyzed 
with analysis of variance for repeated measures.'° Ob- 
servations made during and after hydralazine infusion 
were compared with values obtained during control and 
angiotensin II infusion with analysis of variance of 
contrast variables. All data are expressed as 
mean + SEM. The level of statistical significance was 
chosen to be <0.05. 


Results 


All ewes and fetuses were judged to be healthy and 
recovered from surgery as revealed by blood gas and 
pH status at the time of the experiment. Fetal Pog, 
Pcop, and pH were 19.3 + 0.8, 48.4 + 1.3, and 
7.342 + 0.021, respectively. Likewise, maternal blood 
gas and pH values were Pog, 104 + 1; Pcog, 35.44 + 
0.04; and pH, 7.468 + 0.911. Fetal arterial blood gas 
values were not changed by administration of angio- 
tensin II or hydralazine, demonstrating fetal stability 
during these infusions. Although maternal pH in- 
creased by 0.58% + 0.09% over coritrol values at 80 
minutes (p = 0.001), other maternal blood gas param- 
eters were unaffected. 

Maternal arterial blood pressure, heart rate, regional 
blood flows, and resistance values are presented in 
Tables I and II. Data are presented for control, during 
angiotensin II alone, and at 20, 40, 60, and 80 minutes 
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after the onset of a 20-minute infusion of hydralazine. 
In response to angiotensin II infusion mean arterial 
pressure rose 34% + 2% above control (p = 0.0001). 
Consistent with a relatively slow onset of action, infusion 
of hydralazine caused a sustained reduction in blood 
pressure that reached control values by 20 minutes. 
Maternal heart rate increased above both control and 
angiotensin II rates at 40 minutes and remained ele- 
vated for the duration of the experiment (p < 0.05). 

Total uteroplacental blood flow did not change dur- 
ing angiotensin II infusion. However, when hydralazine 
. was infused total uteroplacental blood flow increased 
22% + 11% compared with angiotensin II by 20 min- 
utes (p = 0.05). Additionally, total uteroplacental blood 
flow during hydralazine infusion rose 41% + 12% 
above control by 80 minutes (p = 0.01). Total uteropla- 
cental resistance rose 43% + 9% when angiotensin II 
was given (p = 0.001). When compared with angio- 
tensin II, total uteroplacental resistance had decreased 
31% + 6% during hydralazine infusion by 20 minutes 
(p = 0.007). When compared with control, a 26% + 5% 
drop in total uteroplacental resistance was observed by 
80 minutes (p = 0.01). 

Angiotensin II caused a 27% + 10% rise in placental 
resistance (p = 0.03). By 40 minutes hydralazine had 
decreased placental resistance 19% + 9% compared 
with angiotensin II (p = 0.01). The hydralazine-in- 
duced vasodilation returned placental vascular resis- 
tance to control levels. This effect was sustained 
throughout the remainder of the experiment in spite of 
continued angiotensin II infusion. Neither angiotensin 
H alone nor hydralazine plus angiotensin I] caused a 
significant change in placental blood flow. | 

Myoendometrial blood flow decreased 48% + 7% 
when angiotensin II was given (p = 0.0007). Hydrala- 
zine more than quadrupled myoendometrial blood flow 
when compared with angiotensin II by 40 minutes 
(p = 0.0005). Moreover, hydralazine caused a greater 
than twofold increase in myoendometrial blood flow 
compared with the control state by 40 minutes 
(p = 0.005). Myoendometrial resistance rose 199% + 


37% in response to angiotensin I (p = 0.001). Hy- ~ 


dralazine therapy decreased myoendometrial resistance 
53% + 6% below control by 40 minutes (p = 0.0004). 

Adrenal blood flow decreased by 40% + 6% during 
the administration; of angiotensin IT (p = 0.005). Hy- 
dralazine increased adrenal blood flow 169% + 30% 
above angiotensin ÍI by 40 minutes (p = 0.004). Mean- 
while, adrenal resistance increased 137% + 20% during 
angiotensin II infusion (p = 0.0003). Hydralazine 
caused a 70% + 4% reduction in adrenal resistance by 
40 minutes compared with angiotensin II (p = 0.0007). 

A 30% + 11% reduction in renal blood flow was 
observed with the infusion of angiotensin II 
` (p = 0.015). By 40 minutes hydralazine increased renal 
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blood flow to just 11% + 10% below control (not sig- 
nificant compared with control). Renal resistance in- 
creased 115% + 21% when the ewes were given anglo- 
tensin II (p = 0.004). In turn, hydralazine returned 
renal resistance to 15% + 16% above control by 40 
minutes (not significant compared with control). 


Comment 


In this experiment the effects of hydralazine on the 
angiotensin I]—constricted myoendometrial and placen- 
tal vascular beds were quantitated. Angiotensin II was 
infused into the maternal circulation in seven pregnant 
ewes to produce a hypertensive state. Although the 
baseline maternal arterial pressures reported here are 
not uncommon,” * '* ?” ?° lower pressures have been 
reported elsewhere.* “° Furthermore, although our pla- 
cental resistance values are normal, uterine vascular 
resistance is higher than that reported elsewhere.” "° 
This may help to explain the somewhat attenuated 
response to high levels of angiotensin II in our study. 
Whereas Rosenfeld and Naden* report reduced 
uteroplacental blood flow and a twofold increase in 
uteroplacental vascular resistance in response to high 
doses of angiotensin II, we report a 50% increase in 
uteroplacental vascular resistance. However, the objec- 
tive of our study was merely to increase vascular resis- 
tance so that vasodilation could be demonstrated; the 
less-than-robust response to this dose of angiotensin II 
does not detract from the scientific merit of the study. 

Hydralazine infusion was associated with a sustained 
decrease in myoendometrial vascular resistance and a 
marked increase in myoendometrial blood flow. In 
response to hydralazine, the placental vascular resis- 
tance returned to control levels. Placental blood flow 
was maintained at control levels throughout the exper- 
iment. Hydralazine caused a dramatic increase in total 
uteroplacental blood flow. As with myoendometrial 
blood flow, the increase in total uteroplacental blood 
flow in response to hydralazine was significant when 
compared with both the hypertensive state and control. 
In fact, the increase in myoendometrial blood flow 
accounted entirely for the rise in total uteroplacental 
blood flow, which occurred in response to hydralazine 
treatment. 

The increase in uteroplacental blood flow demon- 
strated in our study underscores a recurring dilemma in 
the interpretation of studies that describe uteroplacen- 
tal blood flow. Technical restrictions often prevent the 
use of radioactive microspheres to measure regional 
blood flow. Instead, electromagnetic flow sensors are 
placed on a uterine artery to detect uteroplacental 
blood flow. Unlike the microsphere technique, the elec- 
tromagnetic sensor cannot differentiate between myo- 
endometrial and placental blood flow. These limitations 
are generally accepted because placental blood flow 
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compromises 280% of total uteroplacental blood 
flow.” However, as demonstrated in this study (Fig. 1), 
a large change in mycendometrial blood flow can cause 
a misleading change in the total uteroplacental blood 
flow. For this reason it is important to use discretion in 
the interpretation of uteroplacental blood flow data 
reported from electromagnetic flow sensors. 

In general, animal studies have supported the belief 
that uteroplacental blood flow improves in response to 
hydralazine. Electromagnetic flow probes have been 
used to demonstrate improved total uteroplacental 
blood flow in phenylephrine-induced hypertensive ewes 
given hydralazine.‘ In contrast to angiotensin I, which 
did not decrease total uteroplacental blood flow in our 
study, phenylephrine decreased total uteroplacental 
blood flow by 35%. Total uteroplacental blood flew 
improved to 20% below control in response to hydrala- 
zine. Thus in spite of a greater degree of compromise 
of the uteroplacental vasculature, hydralazine was still 
able to improve uteroplacental hemodynamics. Al- 
though encouraging, this particular study did not pro- 
vide information about the specific effects of hydrala- 
zine on the placental circulation. Other authors have 
also reported improved total uteroplacental blood flow 
in hypertensive sheep given hydralazine.'* With a Gold- 
blatt kidney model and electromagnetic flow probes, 
overall increases in total uteroplacental blood flow were 
seen in a series of hypertensive pregnant ewes receiving 
hydralazine. It was suggested that the improvement in 
uteroplacental blood flow occurred because of the pos- 
itive inotropic and chronotropic effects af hydralazine. 
The data from the present study suggest that the 
improvement in total uteroplacental blood flow is 
caused by direct vasodilatation of the angiotensin II- 
constricted myoendometrial and placental vascular 
beds. 

Other authors have investigated the effects of hy- 
dralazine on the uteroplacental circulation when blood 
pressure is successfully lowered during hypertensive 
pregnancies in women. Radioactive isotopes have been 
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used to demonstrate that total uteroplacental blood 
flow and vascular resistance are maintained when dihy- 
dralazine (a derivative of hydralazine hydrochloride) is 
given to women with pregnancy-induced hyperten- 
sion.® In another study xenon 133 was used to show 
that no significant decrease in intervillous blood flow 
occurred when dihydralazine was given to 10 women 
with pregnancy-induced hypertension.*' Of interest, in 
this latter study it was demonstrated that an increase in 
umbilical blood flow occurred in those patients receiv- 
ing dihydralazine. A technetium-99m _pertechnetate 
tracer was used to demonstrate a small but statistically 
insignificant Improvement in intervillous blood flow 
when women with pregnancy-induced hypertension 
were given dihydralazine.** Thus in human pregnancies 
there is evidence to suggest that total uteroplacental 
and intervillous blood flows are maintained when blood 
pressure is lowered by hydralazine therapy in pregnan- 
cy-induced hypertension. 

A few authors have raised concerns about decreased 
uteroplacental blood flow in response to hydralazine. In 
a hospital chart review of patients with severe pre- 
eclampsia who receive antihypertensive therapy, it was 
found that patients receiving hydralazine had a higher 
incidence of fetal distress.° This incidence was mostly 
attributed to “inappropriate” therapy, that is, a higher 
incidence of delivery for distress occurred in those 
patients who continued to receive hydralazine for > 30 
minutes after a diastolic threshold of 100 mm Hg was 
reached. Fetal heart rate patterns in women receiving 
hydralazine for hypertension have also been reported.” 
Thirty-three women with pretreatment diastolic blood 
pressures > 110 mm Hg were studied. Hydralazine was 
used to decrease diastolic blood pressure to between 70 
and 90 mm Hg. Nineteen of 33 fetuses demonstrated 
fetal heart rate abnormalities. Thirteen of the 19 fetuses 
showing fetal heart rate abnormalities were growth 
retarded. It was concluded that healthy placentas from 
nongrowth-retarded gestations were better able to tol- 
erate the reduced diastolic blood pressure. In a sepa- 


Table YI. Vascular resistance at rest (control), during angiotensin II-induced hypertension, and in response 
to a superimposed 20-minute hydralazine infusion at 20, 40, 60, and 80 minutes 


Angictensin 


U-induced 


Control hypertension 20 min 40 min 





Resistance (mm Hg/ml/min/gm) 


Total uteroplacental 109.56 + 12.88* 152.59 + 16.59t 105.36 + 15.45* 87.69 + 10.49*+ 


Placental 51.52 + 8.8i* 63.03 + 9.01t 55.12 + 8.82 49.84 + 7.70* 
Myoendometrial 373.56 + 30.35* 1123.41 + 148.44} 249.88 + 32.09*+ 164.78 + 13.69*t+ 
Renal 16.30 + 1.04* 33.80 + 3.34t 21.10 + 1.04*tf 18.00 + 2.09* 
Adrenal 59.48 + 9.10* 134.35 + 13.03+ 47.16 + 5.85* 39.72 + 6.14*t 


Values are mean + SEM. 
tp < 0.05, compared with angiotensin II-induced hypertension. 
tp < 0.05, compared with control. 
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Fig. 1. Comparison of placental, myoendometrial, and total uteraplacental blood flow responses to 
angiotensin II and hydralazine. Elevation in myoendometrial blood flow is entirely responsible for 
increase in total uteroplacental blood flow. Flow is expressed as milliliters per minute. Data are 


plotted as mean + SEM. 


rate study radioactive microspheres were used to show a 
hydralazine-induced decrease in placental blood flow in 
spontaneously hypertensive rats.”* This effect was found 
to be most extreme in more hypertensive rats. 

The relationship between blood pressure diminution 
and total uteroplacental blood flow in women with 
hypertension receiving dihydralazine has been submit- 
ted to statistical analysis.” A significant correlation 
between blood pressure reduction and total uteropla- 
cental blood flow in women has been noted. Patients 
with mild blood pressure reductions demonstrated a 
decrease in total uteroplacental blood flow, and patients 
with more impressive diminutions in blood pressure 
had no change in total uteroplacental blood flow. We 
postulate that the uteroplacental vasculature demon- 
strates a dose-dependent response to hydralazine that 


60 min 80 min 


\ 


89.45 + 7.86*t 79.21 + 7.61*+ 


45.01 + 6.49* 44.16 + 5.91* 
162.61 + 15.85**+ 159.35 + 7.86*+ 
2050-1 2.22" 20.44 + 1.95* 


47.35 + 5.75*t 38.72 + 4,24*+ 


differs in magnitude from other systemic organs. In 
small amounts hydralazine acts only as an antihyper- 
tensive agent, and placental blood flow falls. In moder- 
ate amounts hydralazine dilates the myoendometrial 
and placental vessels, maintaining uteroplacental blood 
flow. With more profound hypotension blood pressure 
falls more than the placental circulation dilates, and 
placental perfusion is reduced. If so, appropriate hy- 
dralazine dosage is necessary for reduction of blood 
pressure and maintenance of placental blood flow. 
The maternal placental vascular bed has been said to 
be maximally vasodilated during late gestation.’ Early 
investigations seemed to support this theory. Though 
some degree of vasoconstriction in response to angio- 
tensin IJ may be demonstrated and estrogen has been 
shown to cause mild vasodilation,” vasodilators such as 
prostaglandin I, and adenosine failed to dilate the 
ovine maternal placental vessels.” It was postulated 
that the maternal placental vasculature lacked ap- 
propriate receptors for these potent vasoactive sub- 
stances.” Extrapolating from that premise, forskolin 
was infused into gravid hypertensive ewes.’ A vasodi- 
lator, forskolin directly activates adenylate cyclase, 
thereby increasing intracellular cyclic adenosine mono- 
phosphate. Forskolin did cause the maternal vascular 
bed to dilate, which led to the conclusion that direct 
stimulation of intracellular mechanisms can cause pla- 
cental vasodilation. Since then atrial natriuretic factor 
has been demonstrated to dilate the ovine placental 
vascular bed.’ Unlike: forskolin, atrial natriuretic factor 
appears to act via stimulation of guanylate cyclase.” In 
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our study it appears that hydralazine also caused dila- 
tation of the maternal placental vascular bed. Vasodila- 
tion in response to hydralazine occurred in the face of 
vasoconstriction induced by angiotensin II. It is enticing 
to postulate that, like forskolin or atrial natriuretic 
factor, hydralazine acts directly upon the cell. Reports 
indicating that hydralazine acts via stimulation of cyclic 
adenosine monophosphate or cyclic guanosine mono- 
phosphate suggest that this may be so.” > *° 

The placental vasculature is not able to autoregulate 
to maintain blood flow when perfusion pressure falls. 
Therefore any hypotensive agent used in obstetric prac- 
tice is potentially harmful to the fetus unless it also 
vasodilates the placental vasculature. It has been dem- 
onstrated in this study that hydralazine is able to de- 
crease placental vascular resistance and maintain blood 
flow to the ovine placenta. The data presented herein 
support reports in the human literature that indicate 
that hydralazine therapy can reduce arterial blood pres- 
sure and maintain total uteroplacental blood flow. How- 
ever, cautious interpretation of studies that measure 
total uteroplacental blood flow is urged because the 
effects of hydralazine on vasodilatation of the myoen- 
dometrial vascular bed are much more impressive than 
the effects on the placental circulation. Hydralazine 
appears to be ideally suited for judicious clinical use in 
` acutely hypertensive pregnant subjects. With careful 
monitoring of blood pressure, maintenance of total 
uteroplacental blood flow can be expected. 


This paper is dedicated to the memory of John H.G. 
Rankin, PhD. 
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Angiotensin II receptors on human fetal adrenal cells 


William E. Rainey, PhD, Ian M. Bird, PhD, J. Ian Mason, PhD, and Bruce R. Carr, MD 


Dallas, Texas 


OBJECTIVE: Our objective was to determine if angiotensin || receptors are present on adrenal cells 
isolated from the human fetal zone and neocortex and to investigate if angiotensin II affects steroid 


production by these ceils. 


STUDY DESIGN: Primary cultures of both fetal zone and neocortex cells were prepared from fetal adrenal 
glands. Experiments were conducted to examine the binding of radiolabeled angiotensin I], angiotensin 

ll activation of phospholipase C, and angiotensin || effects on steroidogenesis. 

RESULTS: The majority of angiotensin || binding sites were of the type 1 subtype, as determined by 
displacement of radiolabeled angiotensin with specific receptor antagonists. Angiotensin Il caused an 
increase In tritiated inositol phosphate accumulation in both neocortex and fetal zone cells. This increase 
could be blocked by type 1 angiotensin il receptor antagonists. Angiotensin {I stimulated the production 
of cortisol, dehydroepiandrosterone, and dehydroepiandrosterone sulfate production during treatment for 
2 days. The stimulation by angiotensin Il, however, was substantially less than that seen in response to 


corticotropin treatment. 


CONCLUSIONS: The human fetal adrenal gland contains type 1 angiotensin ll receptors early in 
gestation. The number of these receptors, albeit low, is sufficient to activate inositol phosphate production 


and steroidogenesis. (Am J Caster Gyneco 1992:167:1679-85.) 


Key words: Human fetal adrenal, angiotensin II, AT, receptor, steroid production 


Throughout pregnancy the human fetal adrenal 
gland is an extremely active steroid-secreting organ. 
The human fetal adrenal cortex is composed of two 
principal zones, namely the fetal zone and the neocor- 
tex. The fetal zone constitutes about 85% of the volume 
of the human fetal adrenal and is the principal source 
for the large amount of steroid hormones secreted by 
this gland.’* A peculiar feature of the fetal zone com- 
pared with the adult adrenal is the very low expres- 
sion of 38-hydroxysteroid dehydrogenase/isomerase 
(3B-HSD). This low 3B-HSD in the face of high expres- 
sion of steroid 17a-hydroxylase cytochrome P450 is 
reflected in the steroid secretory pattern of human fetal 
adrenals. The principal steroid hormones secreted by 
the fetal zone are dehydroepiandrosterone (DHEA) 
sulfate and pregnenolone sulfate; only low levels of 
3-ketosteroids (e.g., cortisol) are produced. Cortisol 
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production by the neocortex increases, however, near 
the end of gestation and appears to be essential for 
various aspects of fetal maturation.*"’ A central prob- 
lem in this area is to understand the possible mecha- 
nisms responsible for increasing expression of 3B-HSD 
and the associated cortisol production late in gestation. 

We and others'*"” have shown that angiotensin II can 
inhibit the corticotropin-stimulated production of cor- 
tisol in adult bovine, adult ovine, and fetal ovine adre- 
nal cells. The effects of angiotensin II on primary 
cultures of human fetal zone and neocortex cells, how- 
ever, has not been well defined. The purpose of the 
current study was to determine if human fetal adrenal 
cells exhibit angiotensin II receptors. 


Material and methods 

Tissue preparation and cell culture. Fetal adrenal 
glands (two to five per culture) were obtained from 
midtrimester (12 to 19 weeks’ gestational age) human 
abortuses delivered electively by dilation and extrac- 
tion. The tissues were obtained under the auspices of 
the Donors Anatomical Gift Act of the State of Texas, 
after consent in writing was obtained from women 
undergoing abortion. The consent form and the exper- 
imental protocol were approved by the Institutional 
Review Board of The University of Texas Southwest- 
ern Medical Center at Dallas. The neocortex was re- 
moved from the fetal zone by microdissection as de- 


scribed.’ Both zones were minced finely and dis- 
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persed in a solution containing Dulbecco’s modified 
Kagle’s/Ham’s F12 medium, antibiotics, and trypsin 
* (0.01%). Cells were then counted with a Coulter cell 
counter and plated at 50,000 neocortex cells per 
16 mm well and 100,000 fetal zone cells per 16 mm 
well. Growth medium was composed of Dulbecco’s 
modified Eagle’s/Ham’s F12 medium containing 5% 
fetal bovine serum, 5% horse serum, 2% Ultroser G 
(IBF Biotechnics, Villeneuve-la-Garenne, France), and 
1% ITS plus (Collaborative Research, Bedford, Mass.), 
and antibiotics and antimycotics. Twenty-four hours 
before experimental treatments were started, cells were 
changed to Dulbecco’s modified Eagle’s/Ham’s F12 me- 
dium containing 0.01% bovine serum albumin and 
antibiotics. Experiments with this medium were initi- 
ated with cells that were in culture for 5 to 7 days. 
Corticotropin was obtained from Organon (Cortrosyn; 
West Orange, N.J.); angiotensin H (human) and phor- 
bal 12-myristate 13-acetate were purchased from Sigma 
Chemical (St. Louis). PD123319 and Dup753 were 
generously provided by Parke Davis (Ann Arbor) and 
DuPont (Wilmington, Del.), respectively. 

Steroid, adenosine 3’:5’-cyclic monophosphate 
(cAMP), and protein assays. The medium from each 
treatment condition was collected, and cortisol, DHEA, 
and DHEA sulfate levels. were measured with immu- 
noassay kits (ICN Biomedicals, Costa Mesa, Calif. and 
Diagnostic Products, Los Angeles). For acute experi- 
ments, medium content of cAMP was measured with a 
kit from Advanced Magnetics (Cambridge, Mass.). Pro- 
tein per cell culture well was determined with the 
bicinchoninic acid method purchased as a kit from 
Pierce Chemical (Rockford, Ill). Statistical compari- 
sons were accomplished by means of analysis of vari- 
ants followed by Newman-Keuls multiple comparison 
analysis. 

Angiotensin IJ receptor binding assay. Angiotensin 
II receptor binding was examined as previously de- 
scribed.'* '° Iodine 125—labeled angiotensin II was ob- 
tained from Amersham (Arlington Heights, Ill.). The 
specific activities of the isolated monoiodinated angio- 
tesin II was 2000 Ci/mmol. Receptor assays were per- 
formed on day 5 to 7 of culture on 12-well plates 
containing approximately 2.5 x 10° cells per well. 
Binding was carried out for 1 hour at 37° C in 0.25 ml 
of binding medium (Dulbecco’s modified Eagle’s/Ham’s 
F12 medium, 0.5% bovine serum albumin, 0.1% baci- 
tracin, 15 mmol/L N-[2-hydroxyethyl]piperazine-N' -[2- 
ethanesulfonic acid], pH 7.4). Various amounts of 
unlabeled angiotensin II were added with 150,000 
counts/min ['**I]angiotensin II. After incubation, cells 
were rinsed three times with Dulbecco’s modified 
Eagle’s/Ham’s F12 medium at 4° C. The cell layer 
thereafter was lysed in sodium hydroxide (0.5 mol/L) 
containing sodium deoxycholate (0.4%). The radioac- 
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tivity associated with the lysates was quantified in a 
-y-counter. 
Phosphoinositidase measurement. Cells cultured in 


.24-well plates were incubated for 48 hours in fresh 


culture medium supplemented with 10 pCi/ml tritiated 
inositol (NEN DuPont, 17.9 Ci/mmol). Labeling me- 
dium was then removed and replaced with 0.5 ml of 
Dulbecco’s modified Eagle’s/Ham’s F12 medium, and 
the cells were incubated for 15 minutes. Medium was 
replaced once more with 0.45 ml of Dulbecco’s modi- 
fied Eagle’s/Ham’s F12 medium and 10 mmol/L lithium 
chloride and incubation was continued for a further 15 
minutes. Agonists and antagonists were then added (to 
the concentrations shown) to a final total volume of 0.5 
ml. Cell stimulation was allowed to proceed for 30 
minutes, after which 0.25 ml of ice-cold perchloric acid 
(15%) was added to each well. Cells were removed from 
the well with the plunger of a 1 ml disposable syringe 
and the well contents were transferred to a 1.5 mi 
microfuge tube with a 0.5 ml water wash. Acid-insoluble 
material was pelleted by brief centrifugation (12,000g, 3 
minutes) and the acid supernatant was neutralized, 
after transfer to a glass tube, by thorough mixing with 
1.5 ml of 1,1,2-trichlorotrifluoroethane and tri-n-octy- 
lamine (1:1 vol/vol). After brief centrifugation to sepa- 
rate the three phases formed, 0.9 ml of the neutral 
aqueous (upper) phase was recovered and stored at 
— 20° C before analysis. To assess the labeling associ- 
ated with the inositol phosphates, neutralized aqueous 
extracts were loaded onto 0.25 ml columns of AGIX8 
anion exchange resin and columns were washed free of 
unbound tritiated inositol twice with 4 ml of water. 
Bound tritiated inositol phosphates (InsP, to InsP, 
inclusive) were then recovered by sequential elution 
twice with 2 ml of 1.0 mol/L ammonium formate, 0.1 
mol/L formic acid (eluates InsP, to InsP,). Radioactivity 
of the combined inositol phosphate fractions was then 
determined by liquid scintillation counting. 


Results 

Angiotensin II receptors on human fetal adrenal 
cells. In the first series of experiments the binding of 
radiolabeled angiotensin IT by human fetal adrenal cells 
was examined. Radioinert angiotensin II inhibited the 
specific binding of [’*°I] angiotensin IT in a concentra- 
tion-dependent manner for both neocortex and fetal 
zone cells with inhibitory concentrations of 50% values 
of 1.1 x 107° and 0.9 x 107° mol/L, respectively (Figs. 
l and 2). The development of specific nonpeptide 
antagonists to angiotensin II binding has aided in the 
characterization of two angiotensin II receptor subtypes 
(AT, and AT,). The effect of Dup753 (an antagonist to 
AT, sites) and PD123319 (an antagonist to ATs sites) 
on the displacement of ['*°I] angiotensin IT from human 
fetal adrenal cells was examined (Fig. 1). Dup753 
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Fig. 1. Competition for binding of '**I-labeled angiotensin II (A-H) by nonlabeled angiotensin IT and 
specific angiotensin H receptor antagonists in human fetal adrenal cells in primary culture. Data 
points are mean + SD of triplicate incubations in representative experiment. -O-, Angiotensin II; -@-, 


Dup 753; -a-, PD123319. 
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Fig. 2. Analysis of AT, receptor binding in human fetal adrenal cells. Radiolabeled angiotensin H 
(4-11) displacement was examined in presence of AT, receptor antagonist (PD123319, 10 pmol/L). 
Inserted is Scatchard analysis with data from displacement curve. Data points are mean of quadrupli- 


cate wells of human fetal adrenal cells. 


(0.1 to 100 pmol/L) displaced radiolabeled angiotensin 
IT in a concentration-dependent manner in both cell 
types. The AT, antagonist (0.1 to 100 mol/L) was also 
capable of decreasing angiotensin II binding but to a 
much smaller degree. In Table I the effects of Dup753 
(10 pmol/L) and PD123319 (10 pmol/L) on radiola- 
beled angiotensin IJ binding can be seen for two inde- 
pendent experiments. The majority of ['*°I] angiotensin 
II binding was sensitive to Dup753 in cells from both 
human fetal adrenal zones. We examined specifically 
AT, binding sites with displacement analysis carried out 
in the presence of PD123319 (10 pmol/L) (Fig. 2). 
From these data the number of binding sites per fetal 
zone cell was determined to be 11,000 + 5657 sites per 


well. Neocortex cell binding sites were observed to be 
10,300 + 4950. The dissociation constants were also 
similar for both cell types (fetal zone cells 1.8 + 1.4 
nmol/L, neocortex cells 1.2 + 0.9 nmol/L). 
Antiotensin II coupling to second messengers in 
human fetal adrenal cells. Because acute effects of 
angiotensin II on human fetal adrenal cells have not 
previously been reported, we evaluated changes in 
inositol phosphate production and cAMP production 
after angiotensin IT treatment. Angiotensin IT (10 nmol/ 
L) enhanced by 1.3-fold the production of total inositol 
phosphates after a 30-minute treatment of neocortex 
cells (Table If). Angiotensin II also activated the pro- 
duction of inositol phosphates in fetal zone cells by 
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Table I. Effects of AT, and AT, receptor antagonists on ‘I-labeled angiotensin II binding to fetal 
adrenal cells 


Labeled angiotensin II bound 
(counts/min bound/10° cells) 


Experiment 2 


Label only $0,350 + 273 20,120 + 333 38,646 + 1,666 33,608 + 1,667 
Label plus PD123319 (107 mol/L) 32,200 + 482 17,944 + 267 34,333 + 1,292 33,196 + 373 
Label plus Dup753 (107° mol/L) 791 + 31 4,434 + 221 792 + 63 1,009 + 352 
Label plus angiotensin II (1077 mol/L) 496 + 1& 1,149 + 240 562 + 42 353 + 196 





Fetal adrenal cells were isolated and cultured as described in Material and Methods section. On day 7 of culture, cells were rinsed 
and the binding of radiolabeled angiotensin H was examined. Data are mean + SD of the counts per minute bound per 10° cells 
for four different dishes of cells. 


Table IZ. Effects of angiotensin II and angiotensin II receptor antagonists on inositol phosphate 
production by human fetal adrenal cells 


Tritiated inositol phosphate production (total head groups) 


(disiniegrations/min/well) 
Basal 2,517 + 344 2,985 + 257 6,388 + 454 7,028 + 964 
Angiotensin II (10 nmol/L) 5,829 + 386* 3,878 + 155* 11,017 + 1,440* 9,355 + 385 
Angiotensin II plus PD123319 (10 pmol/L) 5,101 + 321 3,980 + 99 12,472 + 1,238 11,346 + 1,152 
Angiotensin H plus Dup753 (10 pmol/L) 2,185 + 171+ 2,894 + 279+ 5,969 + 310T 7,581 + 765 


Fetal adrenal cells were isolated and cultured, as described. On day 5 medium was supplemented with 10 pCi/ml initiated inositol 
and incubation was continued for 48 hours. On day 7 cells were rinsed, incubated in medium containing 10 mmo/L lithium chloride, 
and agonists and antagonists (indicated above) were added for 30 minutes. Radiolabeled inositol phosphates were recovered and 
assessed as described in Material and Methods section. Results are mean + SD of values from triplicate (experiment 1) or 


quadruplicate (experiment 2) incubations. 
*Significance (p <0.05) in comparison with basal levels. 


tSignificance (p <0.05) compared with angiotensin II treatment alone. 


twofold (Table II). The angiotensin II stimulation was 
abolished by Dup753 (10 wmol/L), whereas it was un- 
affected by PD123319 (10 pmol/L), thus suggesting a 
role for AT, receptors in activation. 

Angiotensin II has also been shown to modify cAMP 
production in several adrenal cell culture systems.'” '° 
Therefore we examined the effects of angiotensin II on 
basal- and corticotropin-stimulated cAMP production 
in both fetal zone and neocortex cells. Angiotensin H 
(100 nmol/L) did not alter basal levels of cAMP produc- 
tion after 3 hours of treatment in either cell type (Table 
IN). The production of cAMP after corticotropin (19 
nmol/L) stimulation was also unaffected when angio- 
tensin II was present. Treatment of neocortex or fetal 
zone cells with phorbol 12-myristate 13-acetate (100 
nmol/L) and corticotropin did increase, however, cAMP 
production above the level seen with corticotropin 
alone. 

Angiotensin II effects on steroid production. Treat- 
ment of neocortex cells with angiotensin I (100 nmol/ 


L) for 48 hours stimulated the production of cortisol, 
DHEA and DHEA sulfate (Table IV). Fetal zone cells 
exhibited increased production of DHEA sulfate and 
DHEA, whereas cortisol production was not detectable. 
Treatment with phorbol 12-myristate 13-acetate (100 
nmol/L) was also able to stimulate the production of 
these steroids in both cell types. Corticotropin treat- 
ment of fetal zone and neocortex cells caused large 
increases in the production of cortisol, DHEA, and 
DHEA sulfate. Treatment with a combination of angio- 
gensin II and corticotropin did not inhibit the release of 
any of the steroids examined, whereas phorbol 12- 
myristate 13-acetate partially mhibited the synthesis of 
cortisol, DHEA sulfate, and DHEA by both cell types. 
Interestingly, angiotensin II appeared to increase the 
level of cortisol production in response to corticotropin. 

To determine which angiotensin II receptor subtype 
was responsible for angiotensin II stimulation of ste- 
roidogenesis, we used specific angiotensin II receptor 
antagonists. The AT, receptor antagonist Dup753 in- 
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Fig. 3. Effects of angiotensin IJ and angiotensin II antagonists on production of cortisol by neocortex 
cells. On the seventh day of culture, cells were rinsed and treated wtih angiotensin II (100 nmol/L) and 
antagonists (100 mol/L) as indicated for 48 hours. Data points are mean + SD of quadruplicate 


incubations In representative experiment. 


hibited angiotensin II stimulation of cortisol production 
by neocortex cells (Fig. 3). PD123319 (the antagonist to 
AT, receptors) was without effect. 


Comment 


The current study provides evidence that human fetal 
adrenal cells exhibit functional angiotensin II recep- 
tors. This view is supported by the observation that 
human fetal adrenal cells exhibit specific binding of 
radiolabeled angiotensin I and that treatment with 
angiotensin II increases inositol phosphate production 
and steroid hormone synthesis. Moreover, the effects of 
angiotensin H were found to occur through activation 
of the AT, receptor. 

Angiotensin II could play a role in the regulation of 
human fetal adrenal cells in several ways. As a direct 
activator of steroid production, we found that angio- 
tensin II could stimulate steroidogenesis in both fetal 
zone and neocortex cells. The magnitude of the re- 
sponse, however, was much less than that seen for 
corticotropin. Stimulation of steroidogenesis by angio- 
tensin II in the zona glomerulosa of the adult adrenal in 
mammalian species is well established. Angiotensin II 
stimulation is normally associated with mineralocorti- 
coid production, but in bovine adrenal cells glucocorti- 
coid production is also stimulated. The human fetal 
adrenal, at least in the second trimester, apparently is 
not capable of synthesizing mineralocorticoids.’* Angio- 
tensin IT treatment does, however, appear to increase 
the production of both C,, steroids (DHEA and DHEA 
sulfate) and glucocorticoids (cortisol). The mechanism 
of angiotensin II stimulation may be through protein 
kinase C, because activation of this kinase by phorbol 
12-myristate 13-acetate also increased steroid produc- 
tion. At present it is not clear why phorbol 12-myristate 


Table OI. Effects of angiotensin II and 
corticotropin on human fetal adrenal 
cell cAMP production 











cAMP production 
(pmol/mg cell protein) 


Neocortex 





Treatment Fetal zone 





Basal 0.47 + 0.02 0.64 + 0.02 

Angiotensin II 0.52 + 0.02 0.52 + 0.07 
(100 nmol/L) 

Phorbol 12-myristate 13- 1,24 + 0.1 0.63 + 0.3 
acetate (100 nmol/L) 

Corticotrapin (10 nmol/L) 258.6 + 15.9 287.4 + 34.0 

Angiotensin II plus corti- 298.2 + 8.5 319.8 + 29.0 
cotropin 

Phorbol 12-myristate 13- 516.4 + 48.6 593.7 + 29.5 


acetate plus cortico- 
tropin 


Fetal adrenal cells were isolated and cultured as described in 
Material and methods section. On day 7 of culture cells were 
rinsed and treated as indicated for 2 hours. Medium content of 
cAMP was then determined. Values represent mean + SD for 
four different wells. 


13-acetate activates basal steroid production but inhib- 
its corticotropin-stimulated steroidogenesis. 

We and others have previously shown that activation 
of protein kinase C by phorbol 12-myristate 13-acetate 
or angiotensin I inhibits cortisol production and ste- 
roid 17a-hydroxylase expression.'*'* ** *’ In addition, 
we-have demonstrated the presence of protein kinase C 
in both zones of the human fetal adrenal.” In the 
current study phorbol 12-myristate 13-acetate inhibited 
corticotropin-stimulated steroid production, as seen 
previously.” ® Angiotensin II, however, was not effec- 
tive at blocking corticotropin-stimulated steroid hor- 
mone production. The lack of angiotensin IT effect may 


a 
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Table IV. Effects of Meee II, phorbol 12-myr-state 13- -acetate, and corticotropin on human fetal 


adrenal cell.steroid production 


Neocortex 
Treatment 
Basal 0.66 + 0.88 3.3 + 0.22 
Angiotensin IT (100 nmol/L) 5.94 + 0.44 59 + 0.22 
Phorbol 12-myristate 13- 67 + 7- 24+ 1.8 
acetate (100 nmol/L) 
Corticotropin (10 nmol/L) 1557 + 165 59 + 1 
Angiotensin II plus corti- 2917 + 101 50+4 
cotropin “ 
Phorbol 12-myristate 13- 513 + 51 12+] 


acetate plus cortice- 
tropin 


Steroid production 
(pmol/well/48 hr). 


Fetal zone 


bib a Die 


< 300 <0.4 6.4+08'° <300 
1003 + 50 <0.4 2911+65 1102 + 269 
1768 + 217° 17.7=15 106+6. 2017+ 84 
4564 +570 306=3 936 +21 8484 + 809 
3498 + 190 506-28  269+19 8381 + 905° 
1200 + 233  137+35 11441 1919 + 216 


4 


Fetal adrenal cells were isolated and cultured as described in Material and methods. On day 7 of culture, cells were rinsed and 
treated as indicated for 48 hours. Medium content of the various Ba was then determined. Values represent mean + SD for 


four different wells. 


‘relate to the relatively low level of AT, receptor expres- 


sion in these cells or the very high level of 17a- 


-hydroxylase cytochrome P450 activity already in the 


human fetal adrenal cells. The receptor number is only 
10% to 20% of that seen in bovine and ovine adrenal 
cells where angiotensin II inhibits corticotropin-stimu- 


_ lation of 17a-hydroxylase expression.'* '* ** One could 


speculate that the relative insensitivity of human fetal 
adrenal cells to angiotensin II may be responsible, in 
part, for, the high level of 17a-hydroxylase expression 
leading to the production of C,, steroids in human fetal 
adrenal cells in vivo. l 

The activation of steroidogenesis by angiotensin II 
requires the presence óf cell surface receptors. Recep- 
tor binding was examined with radiolabeled angio- 
tensin IJ. Both neocortex and fetal zone cells exhibited 
specific binding sites for angiotensin II with a dissocia- 
tion constant of approximately 1 nmol/L. The number 
of binding sites per cell was variable, depending on the 
cell preparation, but was not significantly different be- 


tween the two cell types. Binding of radiolabeled angio- `` 


tensin II was to a large extent to the AT, receptor. This 
is in agreement with thé angiotensin IT receptor expres- ` 
sion seen in other species for adrenocortical tissue, 


. where the AT, receptor predominates.'* ** AT, recep- 
-tors have been shown to be coupled to activation of 
"inositol phosphate production in bovine, ovine, and rat 


adrenal cells'* ** and indeed was confirmed in the 


human adrenal cells used in this study. ' 

Angiotensin II has- also been shown to afect 
the production of cAMP in certain adrenocortical 
cells.'7'® 256 The effects have been variable and ap- 
pear to relate to the level of guanosine 5'-triphospkate ` 


- binding proteins expressed, particularly the inhibitory 


guanosine 5’-triphosphate binding protein. Angio- 


tensin II appears to activate this binding protein and 
inhibit corticotropin stimulation of cAMP production. in 
rat adrenal cells.** This is not the case, however, in 


‘sheep or: bovine adrenal cells where angiotensin II 


actually increases corticotropin stimulation of cAMP 
production through a protein kinase C—dependent 
mechanism. Because of those reports, we examined the 


‘effects of angiotensin IJ on human fetal adrenal cell 


cAMP production. Angiotensin IT alone had no effect 
on basal cAMP production in either neocortex or fetal 
zone cells. It- was also unable to alter corticotropin 
stimulation of cAMP production by either cell type. 

| The physiologic effects of angiotensin II on the fetal 
adrenal are currently unknown. Levels in the fetus 
appear to increase during the latter part of gestation.” 


' Angiotensin II could act at that time to alter adrenal 


steroid-metabolizing enzymes, allowing increased pro- 


‘duction of cortisol. The ability of angiotensin II to alter 


steroid-metabolizing enzyme expression may also be 
important for the development of ,mineralocorticoid 


_ production. Recently we demonstrated that angiotensin 
H can increase the level of aldosterone synthase activity 
‘in’ fetal bovine adrenocortical cells.’ Currently we are 


examining the effects of angiotensin IJ on human fetal 


adrenal cells expression of steroid-metabolizing en- 


zymes. If found to be true in human fetal adrenal cells, 
this will suggest a role for angiotensin IT in directing the 


‘adrenal gland to -begin tke production of aldosterone, 


an event necessary for maintenance of extrauterine life. 
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Corticotropin and cortisol responses to 
corticotropin-releasing factor in the chronically hypoxemic 


ovine fetus 


DeWana R. Kerr, PhD," Maria I. Castro, PhD,“ ° Nancy K. Valego, PhD, 
Nayel M. Rawashdeh, MD, PhD, and James C. Rose, PhD* ° 


Winston-Salem, North Carolina 


. OBJECTIVE: The purpose of this study was to determine if mild hypoxemia (~ 25% below normal) of at 
least 5 days’ duration alters corticotropin and cortisol responses to corticotropin-releasing factor. 

STUDY DESIGN: We studied 14 (hypoxemic, n = 5; normoxemic, n = 9) fetuses of 135 + 1 (mean + 
SEM) days’ gestational age. Fetuses were placed in the exserimental group if arterial Po, was <16 mm 
Hg for 5 days. In normoxemic animals arterial Po, was =17 mm Hg. Plasma hormone responses were 


compared by analysis of variance. 


RESULTS: Resting corticotropin levels were not different (rypoxemic 26 + 5 pg/ml, narmoxemic 29 + 12 
. pg/ml), and corticotropin-releasing factor (530 + 30 ng/kg) increased (p = 0.01) corticotropin levels 
similarly in both groups. Basal plasma cortisol levels (hypoxemic 20 + 10 ng/ml, normoxemic, 30 + 7 
ng/ml) were not significantly different. Both groups had similarly increased (p < 0.01) plasma cortisol 


levels after corticotropin-releasing factor administration. 


CONCLUSION: Mild hypoxemia lasting 5 days does not significantly alter corticotropin and cortisol 
responses to corticotropin-releasing factor in the late-gestation ovine fetus. (Am J Osster GYNECOL 


1992;167:1686-90.) 


Key words: Hypoxemia, fetus, sheep, corticotropin, cortisol 


The stress of a reduction in oxygen supply leading to 
hypoxemia is a potentially serious danger faced by tke 
fetus during gestation and labor.’ Most fetal studies of 
hypoxemia have involved reducing fetal arterial Po 
30% to 45% below normal. We refer to such conditions 
as a certain percent hypoxemia (e.g., 30% to 45% 
hypoxemia). Induction of such levels of hypoxemia and 
their maintenance for up to 7 hours increase plasma 
corticotropin concentrations in ovine fetuses between 
gestational ages of 96 and 145 days (term ~ 145 
days).*° Corticosteroid responses to such hypoxemia 


are undetectable or low at the younger ages and greater 


later in gestation.’® It has also been shown that adrenal 
secretion rates of corticosteroids are increased by prec- 
found hypoxemia.’ The previously mentioned studies 
involve the acute induction of fetal hypoxemia late in 
gestation. The effects of long-term naturally occurring 
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fetal hypoxemia on circulating corticotropin and corti- 
sol levels and their responses to corticotropin-releasing 
factor (CRF) are unknown. 

In this report we describe results from a group of 
fetuses that manifested mild hypoxemia (< 30% hypox- 
emia) in the absence of hypercapnia, acidosis, or eleva- 
tions in hematocrit. We studied these animals to deter- 
mine if mild hypoxemia, possibly naturally occurring, of 
25 days’ duration altered resting plasma corticotropin 
and cortisol levels and the responses to synthetic ovine 
CRF. 


Material and methods 


All surgical and experimental protocols were ap- 
proved by the Animal Care and Use Committee of 
the Bowman Gray School of Medicine. We studied 
14 chronically cannulated ovine fetuses at 135 + 1 
(mean + SEM) days of gestation. Term in the sheep is 
approximately 145 days. Fetuses were placed in an 
experimental group (hypoxemic, n = 5) if the arterial 
Pog was <16 mm Hg for 25 days. The arterial Po 
levels were also lower at the time of surgery during 
maternal ventilation with 100% oxygen, which suggests 
that the condition probably existed before our receiving 
the animals in the laboratory. The control group (nor- 
moxemic, n = 9) consisted of fetuses with an arterial 
Po, of 217 mm Hg. In an attempt to avoid the 
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complicating effects of acidosis and hypercapnia on 
plasma corticotropin and cortisol levels, only fetuses 
with normal arterial pH and Pco, values were included 
in this report. 

Surgery. Ewes with known single insemination dates 
in which pregnancy was confirmed at 50 days of gesta- 
tion by ultrasonography were brought to the vivarium 
to acclimate them to the environment approximately 5 
days before surgery. Food was withheld for 48 hours 
and water for 24 hours before surgery. Gentamicin (80 
mg) (Elkins-Sinn, Cherry Hill, N.J.) was administered 
intravenously to the ewe before surgery. Anesthesia was 
induced with intravenous ketamine hydrochlonde (But- 
ler Veterinary Supply, Kernersville, N.C.) and pentobar- 
bital sodium (Barber Veterinary Supply, Richmond, Va.) 
and maintained with 0.75% to 1.00% halothane deliv- 
ered in 100% oxygen. Strict aseptic precautions were 
observed. After anesthesia, an intravneous infusion of 
Ringer’s solution was started and continued throughout 
the course of surgery. The uterus was exposed through 
a midline abdominal incision, delivered, and covered in 
warm saline solution—moistened towels. The fetal hind 
limbs were located and exposed through a small uterine 
incision. Polyvinyl catheters were inserted into the right 
and left fetal tibial arteries and right saphenous vein 
and advanced to the descending aorta and inferior vena 
cava, respectively. A 0.5 ml sample of arterial blood was 
taken for determination of pH, Pcos, Pog, and hemat- 
ocrit to assess animal well-being. Catheters were filled 
with 1000 U/ml heparin sodium. The exterioized por- 
tion of the fetus was then returned to the uterus, after 
which a polyvinyl catheter was placed in the amniotic 
cavity. After the injection of 80 mg of gentamicin into 
the amniotic fluid, the uterus was closed with a double 
row of sutures. After completion of the abdominal 
surgery, all fetal catheters were led to the left flank of 
the ewe and exteriorized. Polyvinyl chloride catheters 
were placed into the left maternal femoral artery and 
vein and advanced to the abdominal aorta and inferior 
vena cava, respectively. These catheters were filled with 
heparin, plugged, and exited through a flank incision. 
Daily the fetal and maternal vascular catheters were 
drained of heparin, flushed with sterile saline solution, 
filled with heparin, and plugged to maintain patency. 
Postoperatively the ewes were housed in metabolic carts 
in air-conditioned, light-cvcled rooms. 

Experiment. After a 5-day recovery period from 
surgery, the animals were studied with the ewe in a 
portable metabolic cart. Food and water were with- 
drawn 1 to 2 hours before the experiment. Each exper- 
iment was preceded by 80 mg of gentamicin adminis- 
tered intravenously to the ewe. All experiments were 
initiated between 11 am and 1 pm hours. Care was taken 
to conduct the experiments in a quiet environment. 

An aliquot of lyophilized ovine CRF (BaChem, Phil- 
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adelphia) was diluted with a solution of 0.1% bovine 
serum albumin in normal saline solution immediately 
before each experiment. Fetal weight was estimated on 
the basis of gestational age and later determined by 
back calculation from birth or postmortem weight, by 
assuming a 2% weight gain per day.” Control arterial 
blood samples were taken. A l|-minute intravenous 
injection of ovine CRF (530 + 30 ng/kg) in 2 ml of 
0.1% bovine serum albumin in normal saline solution 


was administered and followed by additional arterial 


sampling from the ewe and fetus at 30, 60, 120, 240, 
and 360 minutes after the injection. Arterial blood 
samples were taken at all sample times from the ewe 
and fetus for cortisol, blood gas, and hematocrit mea- 
surements. Fetal blood samples were also taken for 
corticotropin at these times. The total volume removed 
at ‘each sample time was 2.0 ml. 

Hormone assays. Plasma immunoreactive corticotro- 
pin and cortisol concentrations were measured by ra- 
dioimmunoassays, the characteristics of which have 
been described in detail elsewhere.” '° 

Blood gas determination. All blood gases and pH 
were measured at 39% C with a Radiometer ABL30 
(Radiometer, Copenhagen) instrument. 

Statistical procedures. Weight, basal plasma hor- 
mone levels, blood gases, and hematocrit were com- 
pared with independent group f¢ tests. Two-way analysis 
of variance for repeated measures was used to assess 
differences between hypoxemic and normoxemic 
groups in hormone changes across the length of the 
experiment. A significance level of p < 0.05 was used. 


Results 


Weight, age, ovine CRF dose, and basal values of 
blood gases, pH, and hematocrit are shown in Table I. 
Weight was not different between the two groups. Rest- 
ing pH, Pcos, and hematocrit were not significantly 
different and did not change across the experiment. All 
were within normal limits. Arterial Pog levels during 
surgery (5 days before the experiment), 1 and 2 days 
before the experiment (hypoxemic group only), and at 
the beginning of the experiment are shown in Table II. 
Arterial Pog levels were lower in the hypoxemic group 
during catheterization in the presence of maternal 
ventilation. Values on days 1 and 2 before the study 
were not different from those on the day of the exper- 
iment in the hypoxemic group. At the beginning of the 
experiment arterial Pog levels remained significantly 
lower in the hypoxemic group than in the normoxemic 
group (p < 0.02). During the experiment arterial Pog 
levels did not change in either group. 

Fig. 1 shows fetal plasma corticotropin responses to 
the ovine CRF injection. Resting plasma corticotropin 
levels were not different. The increase in plasma corti- 
cotropin levels after ovine CRF administration was sig- 
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Fig. 1. Fetal plasma corticotropin responses to ovine CRF bolus injection. Values are presented as 


means + SEM. Where there are no bars, SEM lies within symbol. Basal values before each ovine CRF 
injection were not different. Plasma corticotropin levels increased similarly from baseline in both 


groups after ovine CRF (p = 0,030). 


Table I. Weight, age, ovine CRF dose, basal 
arterial pH, Pcog, and hematocrit i 


Hypoxenic 


Weight (kg) ‘2.7 +.0.2 2.4 + 0,2 
Age (days of gestation) 135 + 0.5 133 + 0.8 
Ovime CRF dose (ng/kg) 536 + 65 598 + 39 
pH. 7.341 + 0.007 7.356 + 0.002 
Pco (mm Hg) 45:9 + 1.7 49.2 + 0.9 
Hematocrit (%) 32.9 + 1.7 36.3 + 2.3 
No. 9 5 


Values are mean + SE. 


nificant (F = 4.823, p < 0.003) and similar in the two 
groups. Basal plasma cortisol concentrations were not 
significantly different. Plasma cortisol increased in both 
groups (F = 9.190, p < 0.0001) similarly subsequent to 
ovine CRF (Fig. 2). Ea 


Comment 


These results suggest that naturally occurring, mild 
(~25%) hypoxemia of at least 5 days’ duration does not 
significantly alter plasma corticotropin and‘ cortisol 
basal levels or responses to moderate doses of ovine 
CRF in the late-gestation ovine fetus. This is consistent 
with a’ recent report’in which induction of approx- 
imately 30% fetal hypoxemia and its maintenance for 
up to 28 days did not change fetal plasma cortisol 
levels. '! | . 

The discrepancy between our results and those of 


Table II. Arterial Pog values 


Days before Normoxemic (N = 9) Hypoxemic (N = 5) 
study ` (mm Hg) (mm Hg) 


or 27.0 Se 22.3 + 1.0tł 
2 ' — 15.3 + 0.3 
l — 14.7 + 0.6 
0 19.7 + 11 14.5 + 0.8 


*At surgery during ventilation of ewe with 100% oxygen. 
+t Normoxemic versus hypoxemic (p < 0.05). 


others, which show increases in plasma corticotropin in 
response to artificially induced hypoxemia, may be 
explained in part by.the degree of hypoxemia achieved 
or by the acute onset of the stimulus.'* '* When corti- 
cotropin responses are observed, the hypoxemia is 
acutely induced and the fetal arterial Pog is lowered by 
= 30%.” ° It is possible the difference in the effect of 
various levels of hypoxemia on corticotropin release is 
related to a threshold of hypoxemia-induced increases 
in peripheral oxygen chemoreceptor firing rates. 
Blanco et al.'* have demonstrated chemoreceptor dis- 
charge during basal conditions and increases in firing 
rate as arterial Po, decreases in anesthesized fetal lambs 
of 90 to 143 days’ gestation. The threshold for in- 
creased firing appears to be in the vicinity of 30% 
hypoxemia. Likewise, the threshold for acute-onset, 
hypoxemia-induced corticotropin release has been es- 
timated to be between 12% and 28% hypoxemia’® in 
late gestation, and modest ccrtisol responses have been 
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Fig. 2. Fetal plasma cortisol responses to ovine CRF bolus injection. Resting levels were not different. 
Plasma cortisol increased similarly in both groups subsequent to ovine CRF administration 


(p < 0.0001). F 


observed with a 22% reduction in Pos.' The difference 
between our findings and those of other studies may 
also be explained by decreases in arterial pH occurring 
in some of these studies, which could have seven as an 
additional stimulus to corticotropin release.” 

It appears therefore that naturally occurring enone 
25% hypoxemia in the absence of acidosis is not an 
adequate stimulus for prolonged elevations in plasma 
corticotropin and cortisol. The possibility remains, al- 
though it is unlikely, that 25% hypoxemia initially 
stimulated plasma corticotropin or cortisol increases, 
which, with adaptation, returned to normal." 

Additional findings that reinforce the results of the 
current study are the observations, in fetal lambs of 125 
to 140 days’ gestation, tha: artificial induction of short- 
term 20% hypoxemia does not result in increased 
circulating levels of the catecholamines norepinephrine 
and epinephrine, whereas more severe hypoxemia 
does.'* '° It has also been shown plasma arginine vaso- 
pressin levels do not increase in response to approxi- 
mately 20% hypoxemia but do increase at 30% hypox- 
emia.’ *°** In addition to CRF, the catecholamines and 
arginine vasopressin are secreted in response to a 
variety of stresses and have been implicated as corti- 
cotropin-releasing factors.** ** 

The current study reveals no hypoxemia-induced 
alteration in plasma ‘corticotropin and cortisol re- 
sponses to a moderate ovine CRF injection. Consistent 
with this observation are the findings of: Hashimoto et 
al.” who demonstrated that in adult rats, plasma corti- 


oa Neat 


re 


cotropin and corticosterone responses to exogenous 
CRF are not altered by the stress of chronic immobili- 
zation. 

In addition to effects on pituitary-adrenal function, 
hypoxemia has been associated with diminished fetal 
weight.” ”” The current study suggests chronic, natu- 
rally occurring 25% hypoxemia in fetal lambs has no 
effect on weight. Consistent with this finding is the. 
recent report that artifically induced 30% hypoxemia of 
7 to 28 days’ duration does not alter fetal weight in late 
gestation.'' However, when lamb fetuses are maintained 
at 30% hypoxemia from 30 to 135 days of gestation” 


‘or at very low levels of arterial oxygen tension during 


the last month of gestation,” 
observed. 

In both ovine and human fetuses certain levels of 
acute hypoxemia also lead to increases in hematocrit, 
which help to maintain fetal oxygenation.™ Although 
there is a tendency in the current study toward in- 
creased hematocrit levels with chronic 25% hypoxemia, 
significant elevations are not detected. This is unlike 
artificially induced 30% hypoxemia maintained for >28 
days in late gestation, which raises hematocrit.'' These 
findings, in combination with our results, suggest the 
hypoxemia threshold for a significant hematocrit in- 
crease (presumably through hematopoietin stimulation) 
lies between 25% and 30% hypoxemia. 
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Endogenous modulation of the blunted adrenergic 
response in resistance-sized mesenteric arteries from the 


pregnant rat 


Sandra T. Davidge, MS, and Margaret K. McLaughlin, PhD 


Cincinnati, Ohio 


OBJECTIVE: We tested the hypothesis that during pregnancy the endothelium mediates the blunted 


response to adrenergic vasoconstriction. 


STUDY DESIGN: Mesenteric resistance arteries from late pregnant (n = 6) and age-matched virgin 


control (n = 6) Sprague-Dawley rats were studied in a myograph. 


RESULTS: Arteries from pregnant rats were 35% less sensitive to phenylephrine vasoconstriction than 
were those from nonpregnant rats (mean effective concentration that produced a 50% response 2.26 vs 
1.48 pmol/L, pregnant vs nonpregnant, p < 0.01). Meclofenamate had no effect on the vasoconstrictor 
response in arteries from either group. Inhibition of endothelium-derived relaxing factor with 
N°-nitro-t-arginine methyl ester or endothelial cell removal had a similar twofold increase in phenylephrine 
sensitivity in arteries from both the pregnant and nonpregnant rats (mean effective concentration that 
produced a 50% response 2.26 vs 1.11 pmol/L for pregnant rats and 1.48 vs 0.72 pmol/L for 
nonpregnant rats, p < 0.01). However, methacholine relaxation response was potentiated in pregnant 
versus nonpregnant rats (mean effective concentration that produced a 50% response 0.030 vs 0.049 


wmol/L, p < 0.01). 


CONCLUSION: Although the potential for endothelium-dependent relaxation is augmented in mesenteric 
arteries of the pregnant rat, the decreased sensitivity to phenylephrine during pregnancy is not 
modulated acutely by endothelium-derived relaxing factor or by prostaglandin products of the 


cyclooxygenase pathway. (Am J Osster Gynecol 1992;167:1691-8.) 


Key words: Pregnancy, adrenergic vascular reactivity, resistance arteries, endothelium, 


Sprague-Dawley rat 


The maternal hemodynamics of normal pregnancy 
have been well described. This includes the decrease in 
peripheral vascular resistance that is associated with a 
decreased pressor responsiveness to vasoconstrictors.' 
This reduction in vascular reactivity is clinically impor- 
tant because it is not evident in women with pregnancy- 
induced hypertension or preeclampsia.” 

In spite of considerable research the mechanisms that 
could account for this decreased pressor responsiveness 
during pregnancy are not well understood. Specific 
alterations within the vascular wall are likely to contrib- 
ute significantly to this gestational change in vascular 
reactivity. The endothelium produces and releases sub- 
stances such as prostacyclin and endothelium-derived 
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relaxing factor (EDRF) that will modulate the constric- 
tion of vascular smooth muscle.* However, it remains 
controversial if these vasorelaxants are involved in the 
decreased vasoreactivity observed during pregnancy.*”” 
One reason for the conflicting data may involve the use 
of conduit arteries from different vascular beds. There- 
fore we have chosen to study resistance-sized mesen- 
teric arteries because this vascular bed is a major deter- 
minant of total peripheral vascular resistance. 

This study was designed to test the hypothesis that 
the reduction in adrenergic reactivity that occurs in 
resistance-sized mesenteric arteries during pergnancy’ 
is in part modulated by endogenous vasorelaxants of 
the vessel wall. In particular, we were interested in 
studying the differential influence of EDRF and prod- 
ucts of the cyclooxygenase pathway in modulating the 
vasoconstrictor response to phenylephrine in arteries 
from pregnant and nonpregnant rats. 


Metheds 

General animal model. Ten-week-old female 
Sprague-Dawley rats were obtained from Harlan (Har- 
lan, Ind.) and bred in our own colony. Each morning 
vaginal smears were examined microscopically, and the 


1691 


1692 Davidge and McLaughlin 


presence of sperm was considered day 1 of gestation 
(term 22 days). The experiments were performed dur- 
ing late (18 to 19 days} gestation and in age-matched 
virgin controls. ‘The animals were housed in the facili- 
ties of the Department of Laboratory Animal Medical 
Services at the University of Cincinnati, which is accred- 
ited by the American Association for the Accreditation 
of Laboratory Animal Care. Purina 5001 Rat Chow and 
water were provided ad libitum. 

Vessel preparation. Rats were decapitated while they 
were under light anesthesia with methohexital sodium 
(50 mg/kg body weight). A section of the mesentery 5 to 
10 cm distal to the pylorus was rapidly removed and 
placed in ice-cold N-[2-hydroxyethyl]piperazine-N’-[2- 
ethanesulfonic acid] (HEPES)—buffered physiologic sa- 
line solution. One mesenteric artery averaging 250 um 
in diameter was dissected free from surrounding adi- 
pose tissue, cut into two 1.8 cm lengths, and threaded 
onto 16 um wires. These wires were fastened to two 
stainless steel blocks that were mounted in a specially 
designed myograph system.'* One block was attached 
to a Kulite strain gauge force transducer (Kulite Semi- 
conductor Products, Ridgefield, N.J.), and the other was 


connected to a displacement device. The blocks rested. 


_in 10 ml glass-jacketed organ baths with HEPES—phys- 
lologic saline solution, kept at 37° C..Each experiment 
had two baths running simultaneously. 

Resting length-tension curve. After being mounted, 
the arteries were stretched to about 0.2 nM/mm vessel 
length (1 mN = 102 mg) and allowed to equilibrate for 
1 hour in HEPES—physiologic saline solution buffer. 
The arteries were then given a conditioning stretch of 


about 0.6 mN. To generate the resting curve, each - 


artery was stretched in six incremental steps and was 
held for 20 seconds at each step. The force at each 
stretch was read at the end of 20 seconds, and the 
displacement was measured. We have termed this the 
resting length-tension relationship. 

The arterial circumference that was used to perform 
the dose-response curves was obtained by using the Law 
of LaPlace. With this equation Loo is calculated from 
the exponential curve fit of tension versus circumfer- 
- ence. Ljoo is defined as the circumference the vessel 
would have at a transmural pressure of 100 mm Hg. We 
have found from our, previous studies that a dose- 
response curve obtained at 0.8 Loo is a point that 
provides maximum active force generation with mini- 


mum passive tension in arteries from both nonpregnant , 


and pregnant female rats. 

Solutions and drugs. The HEPES—physiologic saline 
solution used in these experiments contained sodium 
chloride 142 mmol/L, potassium chloride 4.7 mmol/L, 
magnesium sulfate 1.17 mmol/L, calcium chloride 1.56 
mmol/L, potassium phosphate 1.18 mmol/L, HEPES 10 
mmol/L, and glucose 5.5 mmol/L. The HEPES~—physi- 
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ologic saline solution was maintained at a pH of 7.4. 

Stock solutions of phenylephrine (L-phenylephrine 
hydrochloride), methacholine (acetyl-68-methylcholine 
chloride), sodium nitroprusside (all from Sigma, St. 
Louis), and meclofenamate “Warner Lambert, Ann Ar- 
bor) were prepared in HEPZS—physiologic saline solu- 
tion at a concentration of 19 mmol/L for each experi- 
ment. A stock solution of 10 mmol/L of Nw-nitro-L- 
arginine metho] ester (LNAME, Sigma) was prepared in 
water. Appropriate dilutions of all stocks were obtained 
with HEPES—physiologic satne solution. 

Experimental design. Vasoreactivity was measured 
with the a,-adrenergic agonist phenylephrine. To de- 
termine the role of endoger.ous vasorelaxants in mod- 
ulating the vasoconstrictor response to phenylephrine, 
meclofenamate was administered to block cyclooxygen- 
ase conversion of arachidonic acid and LNAME was 
used to block the conversion of L-arginine to EDRF. 
The order of drug administration and the time between 
drug exposure for these experiments were determined 
in a preliminary set of experiments designed to test for 
tachyphylaxis and drug interaction. 

Cumulative doses of phenylephrine (0.3 to 10 pmol/ 
L) were administered 30 minutes after the completion 
of a resting-length tension curve. After completion of 
the dose-response curve, a 30-minute recovery period 
was allowed, during which the baths were frequently — 
changed with fresh HEPES—physiologic saline solution. 
By means of two separate baths, one segment of the 
divided artery from each rat had the phenylephrine 
dose-response curve repeated in the presence of 
meclofenamate (1 mol/L), whereas the other segment 
had the phenylephrine dose-response curve repeated in 
the presence of LNAME (0.25 mmol/L). Meclofenamate 
was added 30 minutes before and LNAME.10 minutes 
before the repeat phenylephrine response curve was 
generated. At the end of each experiment the arteries 
were preconstricted with phenylephrine to 50% of their 
maximal response, and a single dose of methacholine (1 
mol/L) was administered to prove that a functional 
endothelium existed for these experiments. A second 
set of arteries from the same rats were denuded of 
endothelium before the administration of cumulative 
doses of phenylephrine (0.3 to 10 mol/L). Endothe- 
lium removal was done mechanically with a human hair 
threaded through the lumen of the artery and rubbed 
back and forth.'® Confirmation of complete endothe- 
lium removal was done pharmacologically with a single 
dose of 1 umol/L methacholine at the end of the 
experiment. Previous experiments with silver staining 
and scanning electron microscopy had shown that phar- 
macologic confirmation of endothelial cell removal is 
appropriate for these arteries (unpublished obser- 
vation). 

In a separate protocol with mesenteric arteries from a 
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Fig. 1. Concentration-response curves to phenylephrine for 
mesenteric arteries from pregnant (n = 6, solid triangles) and 
nonpregnant (n = 5, solid circles) rats. Tension is expressed as 
a percentage of maximum phenylephrine response. Data rep- 
resent mean + SE. 


different group of rats, a cumulative dose-resonse curve 
to the endothelium-dependent vasorelaxant methacho- 
line (10 nmol/L to 1 pmol/L) and the endothelium- 
independent vasorelaxant sodium nitroprusside (1 
nmol/L to 0.1 mol/L) was obtained after preconstrict- 
ing the arteries with phenylephrine to 50% of the 
maximum response. 

Data analysis. The data from the dose-response 
curves were fitted to the Hill equation,’ from which a 
straight line was generated by linear least-squares re- 
gression analysis. The mean effective concentration that 
produced a 50% response (EC,,) was determined from 
this line and expressed as the geometric mean + SE. 
Dose ratios were determined as the ratio of the EC,, 
before treatment to that after treatment. Comparisons 
between groups and treatments were done with a two- 
way analysis of variance with repeated measures. A 
value of p < 0.05 was considered significant. 


Results 


The pilot studies demonstrated that there was no 
difference between phenylephrine dose-response 
curves over time (data not shown); however, after a 
single dose of methacholine the phenylephrine dose- 
response curve was significantly blunted (EC,) = 1.4 + 
0.08 vs 1.95 + 0.17 pmol/L; p < 0.05). Therefore it 
was only at the end of each experiment that methacho- 
line was used to confirrn a functional endothelium. 

There was a concentration-dependent constriction in 
mesenteric arteries in response to the cumulative addi- 
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Fig. 2. Concentration-response curves to phenylephrine for 
mesenteric arteries from pregnant rats in absence (solid trian- 
gles) or presence (open triangles) of meclofenamate and from 
nonpregnant rats in absence (solid circles) or presence (open 
circles) of meclofenamate. Tension is expressed as a percentage 
of maximum phenylephrine response. Data represent 
mean + SE for six experiments in each group. 


tion of phenylephrine. Fig. 1 illustrates the average 
phenylephrine dose-response curves for arteries from 
pregnant and nonpregnant rats. The arteries from the 
pregnant rats were less sensitive to phenylephrine than 
were the arteries from the nonpregnant rats. This was 
indicated by the shift to the right in the dose-response 
curve of the arteries from the pregnant rats. As shown 
in Table I, the EC,, was 2.26 + 0.19 pmol/L for the 
arteries of the pregnant rats versus 1.48 + 0.09 pmol/L 
(p < 0.01) for the nonpregnant rats. The phenyleph- 
rine-generated maximal tension was not different in the 
arteries from the pregnant rats (2.9 + 0:18 mN/mm) 
versus the nonpregnant rats (3.1 + 0.12 nM/mm). 
The average dose-response curves of arteries to 
phenylephrine in the absence or presence of meclofe- 
namate is shown in Fig. 2. Meclofenamate had no effect 
on the phenylephrine response in the arteries from 
either the pregnant or the nonpregnant animals. The 
EC,, response to phenylephrine for the arteries of the 
pregnant rats was 2.26+0.19- pmol/L versus 
2.06 + 0.14 pmol/L in the presence of meclofenamate 
(Table I). For the arteries from the nonpregnant rats 
the EC, response to phenylephrine was 1.48 + 0.09 
wmol/L versus 1.55 + 0.15 pmol/L in the presence of 
mecloftenamate (Table I). The similar dose ratios of 
approximately 1 for both groups of animals further 
illustrates that there was no meclofenamate treatment 
effect for arteries in either the pregnant or nonpreg- 
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Table I. Sensitivity and some ratios for phenylephrine in absence or presence of meclofenamate, LNAME, 
or endothelium removal in mesenteric arteries of nonpregnant and pregnant rats 


Nonpregnant 


Treaiment ECs (mol/L) ECs (umoi/L} Dose ratio 
Phenylephrine alone 2.26 + 0.19* — 1.48 + 0.09 — 
Phenylephrine with meclofenamate 2.06 + 0.14* 1.13 + 0.33 1.55 + 0.15 0.97 + 0.12 
Phenylephrine with LNAME Let ODL 2.04 + 0.13 0.72 + 0.09t 2.13 + 0.24 
Phenylephrine with endothelium removal 112 2 0:20" 1.96 + 0.32 0.74 + 0.04} 2.02 + 0.11 


Values are mean + SE. 
*bp < 0.01, pregnant versus nonpregnant. 


tp < 0.01, significant increase in phenylephrine sensitivity with addition of LNAME. 
tb < 0.01, significant increase in phenylephrine sensitivity with endothelium removal. 


nant rats (Table I). The phenylephrine-generated max- 
imal tension did not change in the presence of meclofe- 
namate (data not shown). 

The average dose-response curves of arteries to 
phenylephrine in the absence or presence of LNAME is 
shown in Fig. 3. LNAME shifted the phenylephrine 
dose-response curve to the left in both grcups. This 
inhibition of EDRF increased sensitivity twofold in ar- 
teries from both the pregnant and nonpregnant rats, as 
evidenced by their equivalent dose ratios (Table I). The 
EC, response to phenylephrine for the arteries of the 
pregnant rats was 2.26 + 0.19 versus 1.1] + 0.11 
pmol/L (p < 0.01) in the presence of LNAME (Table 
I). For the arteries from the nonpregnant rats the EC,» 
response to phenylephrine was 1.55 + .15 versus 
0.72 + 0.09 pmol/L (p < 0.01) in the presence of 
LNAME (Table I). Because the increased phenyleph- 
rine sensitivity in the presence of LNAME was similar 
between the two groups, the arteries from the pregnant 
rats remained less sensitive to phenylephrine than the 
arteries from the nonpregnant rats. After LNAME; the 
EC,, was 1.1] + 0.11 pmol/L for the arteries of the 
pregnant rats versus 0.72 + 0.09 pmol/L (p < 0.01) for 
the nonpregnant rats. The phenylephrine-generated 
maximal tension. did not change in the presence of 
LNAME (data not shown). 

Fig. 4 is a depiction of the average dose-response 
curves to phenylephrine in arteries with and without 
endothelium. Similar to the results of EDRF inhibition, 
endothelial cell removal caused an equivalent increase 
in phenylephrine sensitivity in the arteries of both the 
pregnant and nonpregnant rats. The EC,, response to 
phenylephrine for the arteries of the pregnant rats was 
2.26 + 0.19 versus 1.12 = 0.20 pmol/L (p < 0.01) in 
the absence of endothelium (Table I). For the arteries 
from the nonpregnant rats the EC;, response to phen- 
ylephrine was 1.48 + 0.09 versus 0.74 + 0.04 pmol/L 
(p < 0.01) in the absence of endothelium (Table J). 
Because this increase in phenylephrine sensitivity was 
similar between the two groups, the arteries from the 


pregnant rats remained less sensitive to phenylephrine 
than did the arteries from the nonpregnant rats. After 
endothelium removal the EC,, was 1.12 + 0.20 pmol/L 
for the arteries of the pregnant rats versus 0.74 + 0.04 
pmol/L (p < 0.01) for the nonpregnant rats. The sim- 
ilar dose ratios of approximately 2 for both groups of 
animals further illustrates that there was a similar effect 
from endothelium removal for arteries in both the 
pregnant and nonpregnant rats (Table I). The phenyl- 
ephrine-generated maximal tension did not change 
with endothelium removal (data not shown). 

Arteries preconstricted with phenylephrine to their 
EC;, values showed a concentration-dependent relax- 
ation to methacholine (Fig. 5). Arteries from pregnant 
rats were significantly more sensitive to relaxation by 
methacholine than were the arteries from the nonpreg- 
nant rats (0.030 vs 0.049 pmol/L, p < 0.01). However, 
there was no significant difference in the response ‘of 
arteries from pregnant and nonpregnant rats to relax- 
ation by sodium nitroprusside (0.10 vs 0.11 nmol/L). 
Relaxation with methacholine but not sodium nitro- 
prusside was inhibited by endothelium removal or by 
LNAME (data not shown), suggesting that the effect of 
methacholine but not sodium nitroprusside was depen- 
dent on EDRF or a functional endothelium. 


Comment \ 


The purpose of this study was to test if the reduction 
in adrenergic sensitivity that occurs during prengancy is 
modulated in part by endogenous vasorelaxants of the 
vessel wall. The major findings of the study are as 
follows: (1) There was a decrease in sensitivity to phen- 
ylephrine in mesenteric arteries from late-pregnant 
rats; (2) a cyclooxygenase inhibitor, meclofenamate, 
had no effect on this phenylephrine response in the 
arteries from either pregnant or nonpregnant rats; (3) 
an EDRF inhibitor, LNAME, increased the sensitivity to 
phenylephrine in arteries from both pregnant and non- 
pregnant rats, and this increase in sensitivity was similar 
between the two groups; (4) the effects of LNAME were 
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Fig. 3. Concentration-response curves to phenylephrine for 
mesenteric arteries from pregnant rats in absence (solid trian- 
gles) or presence (open triangles) of LNAME and from nonpreg- 
nant rats in absence (solid circles) or presence (open circles) of 
LNAME. Tension is expressed as a percentage of maximum 
phenylephrine response. Data represent mean + SE for six 
experiments in each group. . 


mimicked by endothelium removal; (5)' preconstricted 
arteries from pregnant rats were more sensitive to 
methacholine but not to sodium nitroprusside relax- 
ation than were arteries from the nonpregnant rats. 

‘The decrease in sensitivity to adrenergic vasoconstric- 
tors during pregnancy has been reported previously in 
both in vivo'** and in vitro.** However, most of the in 
vitro work was conducted in the aortas or the uterine 
vasculature. We have chosen to study resistance-sized 
arteries from the splanchnic circulation, because this a 
major component of total peripheral vascular resistance 
and therefore an important determinant of maternal 
systemic blood pressure. Previous work-from our labo- 
ratory has shown a decreased sensitivity to norepineph- 
rine-induced adrenergic vasoconstriction during preg- 
nancy in resistance-sized mesenteric arteries.'? Our re- 
sults from this study extend and: confirm these 
observations. l 

A potential role for vasodilatory prostaglandins as 
mediators of the blunted response to vasoconstrictors 
during pregnancy was proposed a number of years ago. 
The increase of 6-keto-prostaglandin F,, (the stable 
metabolite of prostacyclin) in plasma and urine during 
pregnancy" suggested that this particular vasodilatory 
prostaglandin was one such mediator of vasoreactivity. 
In addition, inhibition of cyclooxygenase with indo- 
methacin or aspirin caused an increase in pressor re- 
sponsiveness to angiotensin II in pregnant women."® 


: 
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Fig. 4. Concentration-response curves to phenylephrine for 
mesenteric arteries from pregnant rats in presence (solid trian- 
gles) or absence (open triangles) of endothelium and from 
nonpregnant rats in presence (solid circles) or absence (open 
circles) of endothelium. Tension is expressed as a percentage of 
maximum phenylephrine response. Data represent 
mean + SE for six experiments in each group. . 
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Fig. 5. Concentration-response curves to methacholine for 
mesenteric arteries from pregnant (n = 6, solid triangles) and 
nonpregnant (n = 6, solid circles) rats. Responses are expressed 
as a percentage of relaxation from phenylephrine precon- 
stricted levels. Data represent mean + SE. 


Similar data from whole-animal models have further 
supported this role of vasodilatory prostaglandins as 
mediators of the blunted pressor response during preg- 
nancy.'° However, more recent studies have resulted in 
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conflicting data. In chronically instrumented, trained, 
conscious animals treatment with prostaglandin inhibi- 
tors was not able to reverse the blunted pressor re- 
sponse to adrenergic vasoconstriction observed during 
pregnancy.* "© In fact, with isolated véssels there is 
actually very little direct evidence that vasodilatory 
prostaglandins are responsible for decreased sensitivity 
to adrenergic vasoconstriction. In aortas from guinea 
pigs and rats, prostaglandin inhibitors did not change 
the contractile response to adrenergic agents in either 
pregnant or nonpregnant animals.* ° The results from 
our study with resistance-sized mesenteric arteries are 
in agréement with the isolated aortic ring studies. The 
prostaglandin products of the cyclooxygenase pathway 
do not appear to modulate acutely the in vitro vascular 
reactivity of arteries from either the pregnant or non- 
pregnant rats. However, our study design did not test 
the possibility that alterations in prostaglandin metab- 
olism during pregnancy may have chronic effects on 
vascular smooth muscle function that are not apparent 
with acute cyclooxygenase inhibition. 

Another important vasorelaxant of the vessel wall is 
EDRF, which may have a potential role as a mediator 
for the blunted vasoconstrictor response observed dur- 
ing pregnancy. In both in vivo and in vitro systems, 
EDRF is known to play an important role in controlling 
blood vessel reactivity. It has been reported that inhi- 
bition of EDRF results in an increased sensitivity te 
adrenergic vasoconstriction.'* *° However, the role of 
EDRF modulation of a blunted vasoconstrictor re- 
sponse during pregnancy remains controversial. 

In conscious, instrumented nonpregnant and preg- 
nant rats, a bolus infusion of Nw-nitro-L-arginine (an 
inhibitor of EDRF synthase) produced similar increases 
in blood pressure.'* These data suggested that preg- 
nancy does not result in a greater role for EDRF in the 
maintenance of basal blood pressure. Similar results 
have been reported in-vitro. Parent et al.” reported that 
the endothelium of the superior mesenteric artery of 
nonpregnant and pregnant rats similarly influenced the 
response to adrenergic vasoconstriction. It has also 
been shown that neither EDRF inhibition nor endothe- 
lium removal results in a greater adrenergic vasocon- 
strictor response in the aorta of the pregnant rat.® ° The 
results from our study with resistance-sized mesenteric 
arteries are in agreement with the aortic ring studies in 
that inhibition of EDRF or endothelial cell removal had 
similar increases in phenylephrine sensitivity in arteries 
from the pregnant and nonpregnant rats. This suggests 
that there is a similar endothelium-dependent modula- 
tion to a vasoconstrictor response for arteries from both 
the pregnant and nonpregnant rats. Contrary to ‘the 
data with arteries from rats, endothelial removal or 
inhibition of EDRF augmented the norepinephrine 
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sensitivity more in isolated aortas and uterine arteries 
from pregnant guinea pigs than it did from the non- 
pregnant animals.” ° 

Because there are elevated plasma and urinary levels 
of cyclic guanosine 5’-monophosphate (the second mes- 
senger involved in the action of EDRF) during gestation 
in the rat,” we had expected that the blunted response 
to phenylephrine during pregnancy would be caused in 
part by augmented EDRF activity. Although our results 
do not support this, it is possible that our findings are 
a function of the study design. If the elevated cyclic 
guanosine 5'-monophosphate levels indicate enhanced 
EDRF synthesis during pregnancy, the isolated arteries 
from the pregnant rats may have become L:--arginine 
deficient over the course of the study. Inhibition of 
nitrate synthase would then underestimate the contrib- 
utory role of EDRF to the phenylephrine response. 
L-Arginine deficiency in the arteries from the pregnant 
rats is unlikely in our experiments, because ‘the vessels 
maintained their responses to repetitive methacholine 
relaxation. It would be interesting to determine if 
pregnancy induces an isoform of nitrate synthase in the 
endothelium or smooth muscle that differs from the 
constitutive enzyme. Finally, the effect of chronic EDRF 
inhibition (or combined blockade of EDRF and cyclo- 
oxygenase) in vitro was not examined. Such inhibition 
may be required to reverse possible longer term effects 
of EDRF on the vascular smooth muscle. For example, 
nitric oxide has recently been shown to react with 
membrane-bound thiol groups on the N-methyl-p-as- 
partate (NMDA) subtype of glutamate receptor, result- 
ing in a persistent blockade of NMDA responses.” 

There may be a role for EDRF in modulating vaso- 
constrictor responses in vivo, one that is not apparent 
when examined in vitro. These in vitro studies are 
conducted under conditions of no flow; however, flow- 
induced shear stress in vivo can cause production and 
release of EDRF from the endothelium.” Therefore, in 
addition to investigating the gestational effect on basal 
endothelial influence, we were also interested in the 
gestational effect on stimulated endothelium-depen- 
dent relaxation. 

The effect of gestation on endothelium-dependent 
vasorelaxation has been investigated by looking at stim- 
ulated EDRF-mediated responses in preconstricted ar- 
terial segments or by measuring the accumulation of 
cyclic guanosine 5’-monophcsphate in isolated arterial 
preparations. Again the data are conflicting as to the 
role EDRF has in modulating vasoactivity during preg- 
nancy. In isolated aortas from pregnant rats cyclic 
guanosine 5’-monophosphate production in response 
to the addition of methacholine was increased com- 
pared with that in nonpregnant rats.** Furthermore, 
preconstricted uterine arteries from pregnant guinea 
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pigs are more sensitive to endothelium-dependent re- 
laxations, as were renal interlobar arteries from preg- 
nant rats.™ °° However, there was no difference in the 
endothelium-dependent relaxation of preconstricted 
aortas from virgin and pregnant rats when the con- 
stricting agent was norepinephrine or phenyleph- 
rine,” '* although there was a difference if the arteries 
were preconstricted with the thromboxane A, sympa- 
thomimetic U46619.° In our laboratory we have ob- 
served that the potential for endothelium-dependent 
relaxation becomes greater with decreasing artery size, 
on the basis of studies with the use of the aorta and the 
superior and first-, second-, and third-order branches 
of the mesenteric arteries (unpublished observations). 
Therefore the contribution that the endothelium makes 
in modulating vasoactivity may be more important in 
the resistance-sized arteries than that of the conduit 
arteries such as the aorta. The results from our study 
demonstrated that preconstricted mesenteric arteries 
from pregnant rats are more sensitive to relaxation by 
methacholine than are arteries of the nonpregnant rats. 
It is likely that this relaxation induced by methacholine 
was EDRF dependent because the relaxation was inhib- 
ited by endothelium removal or by LNAME. Further- 
more, the enhanced relaxation to methacholine in ar- 
teries from the pregnant rats ts most likely due to a 
greater release of FDRF. This can be proposed because 
there was no difference in relaxation response to the 
endothelium-independent agonist sodium nitroprus- 
side from arteries of the pregnant and nonpregnant 
rats. Whether other nonmuscarinic, endothelium-de- 
pendent agents produce a similar potentiated response 
in these arteries from pregnant rats is unknown. 

In conclusion, these studies demonstrated that the 
decreased sensitivity to adrenergic agonists during 
pregnancy in the mesenteric vasculature is not modu- 
lated acutely by prostaglandin products of the cycloox- 
ygenase pathway or by EDRF. However, the potential 
for endothelium-dependent relaxation is augmented in 
pregnancy. Because our data indicate that the vasocon- 
strictor response to phenylephrine is reduced by late 
gestation, this may reflect a generalized reduction in 
the smooth muscle response to vasoconstrictors. It is 
possible that a reduced vascular smooth muscle re- 
sponse to adrenergic stimulation and an increased ca- 
pacity to release EDRF interact to contribute to the 
systemic vasodilatation observed during pregnancy. 
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A unique hypertonic response to hypotonic infusion in 


the pregnant ewe 


David R. Powers, MD, and Robert A. Brace, PhD* 
San Diego, California 


OBJECTIVE: The purpose of this study was to compare the responses of the maternal ewe to 
intravenous volume expansion with either sufficient lactated Ringer’s solution to elevate maternal venous 


pressure or sufficient hypotonic fluid to reduce blood osmolality. 


STUDY DESIGN: Chronically catheterized pregnant sheep were intravenously infused over 4 hours with 
either commercial lactated Ringer’s solution (5.55 + 0.50 L'hr, 255 mOsm/kg, mildly hypotonic) or diluted 
Ringer’s solution (2.04 + 0.27 L/hr, 150 mOsm/kg, markedly hypotonic). Data were statistically analyzed 
with two- and three-factor analyses of variance and bivariate regression analysis. 

RESULTS: During the mildly hypotonic infusion (n = 8) the maternal blood osmolality changes were 
—§.1 + 1.2, +2.7 + 1.0 and +6.8 + 1.1 mOsm/kg at 1 and 4 hours of infusion and 1 hour after the 
infusion. In four of the eight animals in this group profuse diarrhea developed. During the markedly 
hypotonic infusion (n = 11) the maternal blood osmolality changes were —9.9 + 1.1, -15.9 + 2.5, and 
—10.4 + 2.2 mOsm/kg at 1 and 4 hours of infusion and 1 hour after the infusion. Although urine 
osmolalities were significantly less than the osmolality of the infusate in both groups, only during the 
mildly hypotonic infusion was there a net loss of free water by the kidneys. The renal free water loss, the 
venous pressure increase, and the blood osmolality decrease were not significantly different whether 


diarrhea did or did not develop. 


CONCLUSION: The infusion of large volumes of mildly hypotonic Ringer’s solution to the pregnant ewe 
produces a paradoxic increase in maternal plasma osmolality as a result of the excretion of large volumes 
of free water by the kidneys, and if the venous pressure is increased more than about 6 mm Hg with this 
infusion, diarrhea develops in the animals. (Am J Osster Gyneco 1992;167:1698-709.) 


Key words: Pregnancy, osmolality, ewe, free water clearance, diarrhea 


Maternal volume status changes dramatically during 
human pregnancy. Blood volume increases by about 
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1.5 L, and the change in plasma volume accounts for 
the majority of the increase.’* Furthermore, a failure of 
maternal plasma volume to expand has been associated 
with disease states such as preeclampsia,* ° chronic 
hypertension,” ° intrauterine growth retardation,’ and 
oligohydramnios.* If maternal volume status is indeed 
compromised in these conditions, the result could be a 
decrease in maternal hydrostatic pressure perfusing the 
placenta or an increase in osmotic pressure of maternal 
plasma, both potentially decreasing fluid movement to 
the fetus. In spite of recent studies suggesting that 
maternal volume expansion may be of benefit in the 
treatment of preeclampsia“ or oligohydramnios,’® little 
is currently known about the effects of fluid therapy on 
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the mother. Prior studies in animals have largely fo- 
cused on the effects of hypertonic fluids. '™™ However, if 
fluids were administered therapeutically, isotonic or 
mildly hypotonic fluids would have been used. Previous 
studies of isotonic and hypotonic infusions have largely 
focused on the fetal responses rather than those of the 
mother.''’’ Further, most studies have not used suff- 
cient volumes to alter maternal venous pressure. Be- 
cause of these deficiencies, the current study was de- 
signed to explore how the maternal ewe would respond 
to intravenous volume expansion with sufficient lac- 
tated Ringer’s solution to elevate maternal venous pres- 
sure or sufficient hypotonic fluid to reduce maternal 
blood osmolality. 


Methods 

Animal preparation. Experiments were performed 
on nine gravid ewes with a mean + SE gestational age 
of 124 + 1 days at the time of surgery. Animals were 
anesthetized with gas inhalation anesthesia, and sterile 
surgical technique was followed as previously de- 
scribed.’ A maternal femoral vein was used to pass a 
polyvinyl catheter into the inferior vena cava for mea- 
surement of venous pressure and blood sampling. 
Through the contralateral femoral vein a large catheter 
was placed in the maternal inferior vena cava for fluid 
infusion. Two catheters were inserted in the abdominal 
aorta via the femoral arteries for measurement of arte- 
rial pressure and for blood sampling. Catheters were 
also inserted in a fetal femoral artery and vein and in 
the amniotic space for pressure monitoring and blood 
and fluid sampling, and the results of the fetal studies 
have been reported.’” Immediately after surgery, all 
catheters were flushed with a heparin solution as pre- 
viously described,’® and flushing was repeated daily to 
maintain catheter patency. For the first five postsurgical 
days all animals were maintained on a regimen of 
prophylactic antibiotics. This protocol was approved by 
the University of California, San Diego Animal Subjects 
Committee and all animals were cared for according to 
university rules and regulations and United States Pub- 
lic Health Service guidelines for the care and use of 
laboratory animals. 

Protocol. Experiments were performed 5 to 7 days 
after surgery to allow for postoperative convalescence. 
While in a metabolic cart, the ewes were infused intra- 
venously with either lactated Ringer’s solution (Baxter), 
which has an osmolality of 255 mOsm/kg (mildly hypo- 
tonic group), or with lactated Ringer’s solution diluted 
with sterile water to a final osmolality of 150 mOsm/kg 
(markedly hypotonic group). The experimental proto- 
col consisted of a l-hour control period, a 4-hour 
continuous infusion period, and a 1-hour recovery pe- 
riod. Eight animals received the mildly hypotonic infu- 
sion, whereas nine animals received a total of 11 mark- 
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edly hypotonic infusions. In the animals used for more 
than one experiment, the volume of the infusate was 
purposely varied to explore a range of responses. 

Experimental design. The objective of this study was 
to evaluate the maternal hemodynamic, electrolyte, and 
osmolar responses to a near-isotonic infusion versus a 
markedly hypotonic infusion. It was felt that by using 
the mildly hypotonic Ringer’s solution we could evalu- 
ate the responses to a hydrostatic pressure increase with 
little change in osmolality (i.e., a volume load), and by 
using the markedly hypotonic solution we could evalu- 
ate the responses to an osmotic pressure decrease with 
little change in hydrostatic pressure (i.e., minimal vol- 
ume change). The design in the mildly hypotonic ex- 
periments was to increase maternal venous pressure to 
10 mm Hg above control, which was thought to be 
sufficient to evaluate the maternal response to increases 
in hydrostatic pressure. The ewes did not tolerate this 
elevation of venous pressure well, with explosive diar- 
rhea developing by 2 hours into the infusion, which 
necessitated a change in the protocol to one in which 
venous pressure was increased about 5 to 7 mm Hg 
above control values. For the mildly and markedly 
hypotonic infusions, the infusion rates were 
5.95 + 0.50 and 2.04 + 0.27 L/hr, respectively, and the 
total infused volumes were 22.2 + 2.0 and 8.2 + 1.1L, 
respectively. Lactated Ringer’s solution was used be- 
cause it is readily available and it is nearly isotonic to 
normal blood (measured osmolality 255 mOsm/kg, so- 
dium 130 mEq/L, potassium 4 mEq/L, calcium 3 
mEq/L, chloride 109 mEq/L, and lactate 28 mmol/L). 
We anticipated that the actual changes in maternal 
osmolality would be small. For the osmotic portion of 
the study, sufficient markedly hypotonic solution (mea- 
sured osmolality 150 mOsm/kg) was infused to reduce 
maternal osmolality by 3% to 10%. The rationale for 
dilution of the Ringer’s solution to 150 mOsm/kg was 
that this is the lowest osmolality that can be rapidly 
infused into the circulation and not cause hemolysis. In 
fact, in two of the 11 animals given the markedly 
hypotonic solution there was a slight change in mater- 
nal urine color from yellow to pink, which suggests that 
mild hemolysis actually did occur in these animals. As 
discussed in our prior report” the fetuses were not 
unduly compromised by these protocols. 

Sampling and analytic measurements. At 30-minute 
intervals during the 1-hour control period and hourly 
thereafter samples of maternal blood were taken and 
analyzed for electrolytes, osmolality, hematocrit, and 
plasma protein concentration. Blood volume changes 
were calculated from maternal hematocrit as previously 
described.’ Maternal urine was analyzed for electro- 
lytes and osmolality. Plasma lactate concentrations were 
measured with a YSI model 2300 analyzer (Yellow 
Springs Instruments, Yellow Springs, Ohio). Through- 
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Table I. Maternal values (n = 9) during 
l-hour control period 


Variable | ` Mean + SE 


Arterial pressure (mm Hg) 90.8 + 2.7 
Venous pressure {mm Hg) 5.5 + 0.7 
Heart rate (beats/min) 105 +4 
Arterial pH 7.448 + 0.004 
Arterial Poco, (mm Hg) 38.8 + 0.8 
Arterial Pog (mm Hg) 105.4 + 1.5 
Hematocrit (%) 28.7 + 1.2 
Plasma protein (gm/dl) 6.4 + 0.1 
Plasma arginine vasopressin 2.2 + 0.2 
(pg/ml) 

Plasma atrial natriuretic factor 67.2 + 8.0 
(pg/ml) 


out the experiment maternal arterial pressure, venous 
pressure, and heart rate were recorded, digitized, and 


stored at 30-second intervals with an on-line computer’ 


as previously described."® 

Data presentation and statistical analysis. Data are 
presented as mean + SE. When data are plotted as 
change from control, the change is the mean + SE 
change from the average value during the 1-hour con- 
trol period. An unpaired ¢ test was used to compare 
values during the control period ir. the animals infused 
with the mildly hypotonic versus the markedly hypo- 
tonic solution. Because there were no statistically sig- 
nificant differences between the two groups during the 
control period with the unpaired ¢ test, these groups 
were combined (Tables I and II). To determine the 
Statistical significance of changes with time in each 
group, a two-factor analysis of variance was used, with 
time and animal being the two factors. To compare the 
two groups of animals, we used a three-factor analysis of 
variance, with time, treatment, ard animal being the 
three factors. Bivariate and multivariate linear regres- 
sion techniques were used to explore relationships 
among variables. For this analysis the mean values 
during the last 1 hour of each infusion were expressed 
as changes from control. A value of p < 0.05 was 
considered significant. 


Results 

At the time of experimentation tne gestational age of 
the ewes in the mildly hypotonic group (130 + 2 days) 
was not significantly different from those in the mark- 


edly hypotonic group (135 + 2 days). During the con- . 


trol period mean maternal values were consistent with 
normal results for our laboratory and are shown in 
Tables I and II. 

Cardiovascular responses. Maternal vascular pres- 
sure and heart rate responses to the infusions are shown’ 
in Fig. 1. During the mildly hypotonic infusions, 


5.55 + 0.50 L of fluid per hour resulted in an increase ~ 


in maternal venous pressure of 6.6 + 0.9 mm Hg 
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Table II. Plasma and urine composition and 
urine flow rate (n = 9) during 1-hour 
control period 


Variable | Mean + SE 


Plasma 


Osmolality (mOsm/kg) 299.3 + 1.1 
Sodium (mEq/L) 143.5 + 0.6 

' Potassium (mEq/L) 43+0.1 
Chloride (mEq/L) 113.4 + 0.3 

Urine 

' Osmolality (mOsm/kg) 898.5 + 58.6 
Sodium (mEq/L) . 48.9 + 8.0 
Potassium (mEq/L) 44.4>+ 3.0 — 
Chloride (mEq/L) - 185.0 + 17.2 
Flow rate (ml/min) 1.7 + 0.2 


whereas 2.04 + 0.27 L/hr of markedly hypotonic fluid 
caused an increase of 1.7 + 0.6 mm Hg (p < 0.00001 
by analysis of variance when the two treatments are 
compared). Maternal arterial pressure increased signif- 
icantly in both groups of animals (p < 0.00001). The 
increase in arterial pressure of 16.1 + 1.7 mm Hg with 
the mildly hypotonic infusicn was significantly greater 
than the increase of 7.2 + 2.1 mm Hg when markedly 
hypotonic fluid was infused (p < 0.00001). Multivariate 
regression analysis revealed a tight correlation between 
the arterial pressure change and the volume infusion ~ 
rate (r = 0.87, p < 0.00001) but not with infusate os- 
molality, The same was true for venous pressure 
(r = 0.84, p < 0.00001). During the mildly hypotonic 
infusions maternal heart rate increased to 16.0 + 6.9 
beats/min above control at 2 hours of the infusion, this 
was followed by a nonsignificant decrease to 13.0 + 4.4 
beats/min above control at the end of the infusion. With 
the markedly hypotonic infusions, maternal heart rate 
decreased within the first hour to 12.0 + 2.9 beats/min 
below control, where it remained until the end of the 
infusion (p < 0.00001 when treatments were com- 
pared). Although maternal heart rate changes corre- 
lated negatively with Pog changes (r= 0.56, 
p = 0.012), multivariate regression analysis revealed 
that heart rate was significantly correlated only with 
maternal blood osmolality changes (r = 0.75, 
p = 0.0002) but not with other variables. 

Plasma compositional changes. Fig. 2 shows the 
changes in maternal plasma osmolality, sodium, potas- 
sium, and chloride with time. During the first hour of 
infusion the plasma osmolality decreased 5.1 + 1.2 
mOsm/kg below control with the mildly hypotonic in- 
fusion (p < 0.01) and 9.9 + 1.1 mOsm/kg below con- 
trol with the markedly hypotonic infusion (p < 0.01). 
After this time, osmolality in the mildly hypotonic 
animals increased steadily whereas it decreased in. the 
markedly hypotonic animals. By the end of the recovery 
period, osmolality in the mildly hypotonic group was 
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TIME (hr) 


Fig. 1. Maternal arterial pressure, venous pressure, and heart rate responses to mildly hypotonic 
(closed circles) or markedly hypotonic (open circles) Ringer’s infusion into circulation of ewe. Data 
expressed as mean + SE change from average value during a l-hour preinfusion period. Vertical 
doited lines, Infusions started at time 0 and ended at 4 hours. 


6.8 + 1.1 mOsm/kg above control (p < 0.001), whereas 
in the hypotonic animals osmolality was 10.4 + 2.2 
mOsm/kg below control (p < 0.0001). The difference 
between the two responses with time was highly signif- 
icant (p < 0.00001). | 

` The plasma sodium changes paralleled the respective 
osmolality changes in each group. In the mildly hypo- 
tonic group sodium showed a biphasic pattern, decreas- 
ing to 1.3 + 0.6 mEq/L below control at 1 hour fol- 
lowed by a steady rise to 4.7 + 0.8 mEq/L above control 
at the end of the recovery period (p < 0.0001). In the 
markedly hypotonic group sodium decreased by 
4.4 + 0.6 mEq/L at 1 hour, by 6.9 + 1.4 mEq/L at the 
end of the infusion, and by 3.1 + 1.1 mEq/L at the end 
of the recovery period (p < 0.0001). Plasma potassium 
changes were small but tended to follow the pattern of 
osmolality and sodium, increasing in the mildly hypo- 
tonic animals and decreasing in the markedly hypo- 
tonic ones. This divergence resulted in the changes 


between the two groups being significantly different 
(p < 0.01). Plasma chloride changes differed in that 
chloride increased early in the mildly hypotonic animals 
to 5.4 + 0.5 mEq/L above control (p < 0.001), where it 
remained throughout the infusion, while plasma chlo- 
ride paralleled sodium in the hypotonic animals and 
decreased, to a nadir 5.0 + 1.6 mEq/L below control 
after 3 hours of infusion (p < 0.0001) and increased 
only slightly thereafter. The difference between the two 
groups was highly significant with time (p < 0.00001). 

Maternal responses in arterial blood gas with the two 
infusions are shown in Fig. 3. Maternal pH, Pcos, and 
bicarbonate decreased early and remained low in both 
groups throughout the infusions. In addition, the de- 
creases in pH and bicarbonate were significantly 
greater during the mildly hypotonic infusion. Maternal 
Pog increased in both groups during the first hour of 
the infusion and then remained increased only in the 
markedly hypotonic animals. In the mildly hypotonic 
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Fig. 2. Maternal plasma osmolality and electrolyte changes during mildly hypotonic (closed circles) or 
markedly hypotonic (open circles) infusion into circulation of ewe. Data expressed as mean + SE 
change from average value during a l-hour preinfusion period. Vertical dotted lines, Infusions started 


at time 0 and ended at 4 hours. 


animals there was a significant decrease in Pog after 2 
hours so that by the end of the infusion the Po, was 
9.1 + 2.9 mm Hg below control (p < 0.00001). These 
differences with Po, over time were significant 
(p < 0.00001). 

Fig. 4 shows the changes in maternal blood volume, 
hematocrit, and plasma protein. Maternal hematocrit 
decreased significantly during both infusions 
(p < 0.00001), and the decrease during the mildly 
hypotonic infusion was greater (p < 0.00001). The 
same was true for plasma protein concentration. The 
decrease was significant with time (p < 0.00001) and 


was significantly greacer with the mildly hypotonic in- 
fusion (p < 0.00001). 

Plasma lactate concentration underwent a small but 
significant increase during the mildly hypotonic infu- 
sion <p < 0.0002). The maximum increase (0.9 + 0.1 
mEq/L) occurred at 1 hour and was followed by a 
gradual decrease over the remainder of the infusion 
and a return to control values 1 hour after the infusion. 
There was no change in the lactate concentration dur- 
ing the markedly hypotonic infusion. 

Urinary responses. As shown in Fig. 5 maternal 


‘urine flow increased in both groups of animals in 
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Fig. 3. Maternal arterial blood gases during mildly hypotonic (closed circles) or markedly hypotonic 
(open circles) infusion into circulation of ewe. Data expressed as mean + SE. Vertical dotted lines, 


infusions started at time 0 and ended at 4 hours. 


response to the infusions. When averaged over the last 
3 hours of the infusion the increase to 2321 + 258 
mil/hr in the mildly hypotonic animals was significantly 
greater than the increase to 1005 + 127 mi/hr in 
the animals infused with the markedly hypotonic solu- 
tion (p < 0.00001). Urine compositional changes are 
shown in Fig. 6. Urine osmolality decreased dramati- 
cally in both groups and averaged 178 + 8 and 
117 + 8 mOsm/kg, respectively, during the last 3 hours 
of the infusion. These osmolalities are significantly less 
than those of the respective infusates (p < 0.0001) and 
are significantly different from each other. During the 
mildly hypotonic infusion, urine sodium concentration 
increased steadily throughout the infusion and was 


42.2 + 13.3 mEq/L above control during the last 2 
hours of the infusion. With the markedly hypotonic 
infusion, urine sodium initially decreased to a nadir of 
40.3 + 9.4 mEq/L below control at 2 hours followed by 
a gradual rise to 31.6 + 11.0 mEq/L below control 
during the last 2 hours of the infusion. The difference 
between the two responses was highly significant 
(p < 0.00001). Urine potassium decreased significantly 
during the first 2 hours of the infusion in both groups 
of animals (p < 0.00001 over time in both groups). It 
then remained 36.9 + 6.3 mEq/L below control in the 
mildly hypotonic and 29.8 + 3.6 mEq/L below control 
in the markedly hypotonic animals when averaged over 
the last 2 hours of the infusion. These two responses 
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Fig. 4. Maternal blood volume, hematocrit, and plasma protein changes during mildly hypotonic 
(closed circles) or markedly hypotonic (open circles) infusion into circulation of ewe. Data expressed as 
mean + SE change from average value during a l-hour preinfusion period. Vertical dotted lines, 


Infusions started at time 0 and ended at 4 hours. 


were not significantly different. Urine chloride also 
decreased in both groups of animals to 86.4 + 22.2 
mEq/L below control in the mildly hypotonic animals 
and 159.7 + 20.9 mEq/L below control in the markedly 
hypotonic animals when averaged over the last 2 hours 
of the infusion. The difference between these two re- 
sponses was significant (p = 0.0001). 

Although the total body free water was not quantified 
in these experiments, the free water infused versus the 
free water excreted via the kidneys is shown in Fig. 7. As 
can be seen, during the first hour of the mildly hypo- 
tonic infusion about 600 ml of free water. was infused 
while <50 ml was excreted in the urine. By the second 
hour the renal excretion of free water had exceeded 
that which was infused by about 200 ml, and this 
continued throughout the remainder of the infusion. 
During the recovery period, free water loss continued at 
nearly the same level in spite of no free water being 
infused. During the markedly hypotonic infusion about 
800 ml of free water was infused during the first hour 


while no free water was excreted. The average free 
water excretion during the remainder of the infusion 
was about 600 ml/hr, slightly less than the amount of 
free water infused. During the recovery period, free 
water excretion remained unchanged while free water 
infusion had ceased. 

Gastrointestinal responses. Diarrhea developed in 
50% of the animals infused with the mildly hypotonic 
lactated Ringer’s solution but in none of the animals 
infused with the markedly hypotonic solution. In the 
animals in which diarrhea developed, diarrhea was not 
present at the beginning of the experiment but loose 
stools were present by 1 to 2 hours after the infusion 
was started. The diarrhea became more severe during 
the infusion period, progressed to frequent, watery 
stools by the end of the experiment, and had resolved 
by the following morning. Although the volume and 
composition of the stool were not evaluated, there was 
no significant difference between the mildly hypotonic 
animals in which diarrhea developed and those in 


Volume 167 a 
Number 6 “4 


URINE FLOW RATE 
(ml/hr) 


Maternal responses to fluid infusion in ewe 1705 





TIME (hr) 


Fig. 5. Maternal urine osmolality and flow rate response to mildly hypotonic (closed circles) or 
markedly hypotonic (open circles) infusion into circulation of ewe. Data expressed as mean + SE. 
Vertical dotted lines, Infusions started at time 0 and ended at 4 hours. 


which it did not develop in terms of the increase in 
maternal plasma osmolality (9.2 + 1.1 vs 7.1 + 1.3 
mOsm/kg). However, the infusion rate was greater in 
the animals in which diarrhea developed versus those in 
which it did not (3527 + 213 vs 2393 + 263 ml/hr, 
p < 0.00001) as was the increase in materanl venous 
` pressure (7.8 + 0.8 vs 5.2 + 1.3 mm Hg, p < 0.0015). 
Furthermore, although the animals with diarrhea had 
received slightly more free water than the animals 
without diarrhea (238.3 + 46.6 vs 187.0 + 40.1 ml/hr), 
they excreted more free water via the kidneys than the 
animals without diarrhea (981.7 + 134.2 vs 682.9 + 
76.3 ml/hr).. Therefore there was a renal loss of free 
water in all animals infused with the mildly hypotonic 
solution, whether diarrhea was or was not present. 


Comment 

The primary objective of this study was to compare 
the maternal responses to volume infusion with either 
commercial lactated Ringer’s solution or a diluted Ring- 
er’s solution that was markedly hypotonic. We antici- 
pated that these infusions would allow evaluation of the 
maternal responses to hydrostatic pressure increases 
versus osmotic pressure decreases. In the animals in- 
fused with the mildly hypotonic Ringer’s solution, there 
were several new observations: (1) A paradoxic increase 


in plasma osmolality developed; (2) in half of them 
profuse diarrhea developed; (3) they had an increase 
rather than a decrease in heart rate, which was antici- 
pated from the simultaneous increase in arterial pres- 
sure. In the animals infused with the markedly hypo- 
tonic solution, the observations were consistent with our 
expectations: (1) A decrease in plasma osmolality 
developed; (2) none of them had diarrhea; (3) they had 
a decrease in heart rate. 

The paradoxic increase in osmolality in response to 
the infusion of lactated Ringer’s solution was unex- 
pected. Commercial Ringer’s solution is mildly hypo- 
tonic to plasma (255 mOsm/kg versus the initial mater- 


-nal plasma osmolality of 299 mOsm/kg) and therefore 


would be expected to cause a small decrease in plasma 
osmolality whereas the markedly hypotonic solution 
(150 mOsm/kg) would be expected to cause a larger 


_ decrease. However, the anticipated decrease in osmola- 


lity, which was observed throughout the markedly hy- 
potonic infusions, was observed only during the first 
hour of the infusions with the mildly hypotonic solu- 
tion. Aiter this decrease in plasma osmolality, there was 
a paradoxic increase in osmolality to a level significantly 
above control values. There are only two possible ex- 
planations for the late rise in osmolality seen in the 
mildly hypotonic group: These animals either gained 
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Fig. 6. Maternal urine electrolyte changes during mildly hypotonic (closed circles) or markedly 
hypotonic (open circles) infusion into circulation of ewe. Data expressed as mean + SE change from 
average value during a l-hour preinfusion period. Vertical dotted lines, Infusions started at time 0 and 


ended at 4 hours. 


an impermeable solute or lost net free water.’’ If solute 
gain had resulted in the hyperosmolality, then an in- 
crease in either lactate or sodium would be the most 
likely cause. Plasma lactate concentration increased 
slightly (about 1 mEq/L), but this occurred early in the 
experiments when plasma osmolality was decreased 
below control values. Plasma sodium concentrations did 
increase, but the increase was not caused by the addi- 
tion of sodium because the infusions contained free 
water and should have resulted in dilution of the blood 
and a decrease in osmolality. Therefore, because the 
addition of an impermeable solute did not cause the 


increase in maternal osmolality, the only other possibil- 
ity is that net free water was lost, via either the gas- 
trointestinal tract or the kidneys. 

Since diarrhea occurred only m animals in which 
hyperosmolality developed after they received the 
mildly hypotonic infusion, at first glance this might 
appear to be the route of free water loss. However, if 
this were the case, the kidneys should have conserved 
free water by decreasing urine flow and increasing urine 
osmolality. Quite the contrary, the kidneys increased 
the excretion of free water by increasing urine flow and 
decreasing urine osmolality. Although this response by 
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Maternal responses to fluid infusion in ewe ~707 


TIME (hr) 


Fig. 7. Maternal free water infusion (open squares) and excretion rate (closed squares) during mildly 
hypotonic (upper panel) or markedly hypotonic (lower panel) infusion into circulation of ewe. Data 
expressed as mean + SE change from average value during a 1-hour preinfusion period. Vertical 
dotted lines, Infusions started at time 0 and ended at 4 hours. 


the kidneys occurred in both the animals infused with 
mildly hypotonic Ringer’s solution and those infused 
with markedly hypotonic solution, only in the mildly 
hypotonic animals was there a net free water loss. 
Furthermore, as can be seen in Fig. 6, the changes in 
osmolality were temporally related to free water 
balance; that is, during the first hour of the infusions 
more free water was infused than was excreted by the 
kidneys in both groups, resulting in a fall in plasma 
osmolality proportional to the relative excess of free 
water infused. After this, in the animals infused with the 
mildly hypotonic Ringer’s solution more free water 


began to be excreted via the kidneys than was being 
infused and osmolality rose during the remainder cf the 
infusion. In contrast, during the markedly hypo:onic 
infusion, the kidneys continued to excrete less free 
water than was infused and plasma osmolality remzined 
below control. This suggests that the paradoxic increase 
in plasma osmolality that occurred during infusion of 
the mildly hypotonic solution was due to excess free 
water loss by the kidney. 

Diarrhea occurred in half the animals that received 
the mildly hypotonic infusions, and those animals were 
the ones that received the largest infusion volumes. 
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Diarrhea .is usually classified as osmotic, secretory,’ or 
structural as a result of damage to the bowel wall from 


inflammation or infections. therefore the cause of the . 


diarrhea in these animals can be determined by exam- 
ining each of these possibilities. The last two may be 
empirically excluded since it can be concluded that the 
diarrhea was not osmotic because no oral osmotic 
agents were given and it is unlikely that endogenous 
luminal osmotic molecules were acutely generated and 
then acutely destroyed. Further, the diarrhea resolved 
so quickly when the infusion was discontinued that 
inflammation or infection did not cause it. Therefore 
the diarrhea was most likely caused by a secretory 
process; that is, when venous pressure was increased 
with the large volume of nearly isotonic solution, the 
increased hydrostatic pressure in the intestinal capillary 
beds resulted in secretion of fluid in a fashion similar to 
the pressure diuresis that occurs in the urinary tract. 
This mechanism is supported by the fact that an in- 
crease in venous pressure has been shown to cause 
secretion of fluid across isolated segments of intestine 
in dogs'’; however, the venous pressure required to 


cause secretion (22 to 26 mm Hg) was markedly greater > 


than the venous pressure of about 10 mm Hg in our 
study. This apparent discrepancy may be explained by 
the enhanced secretion of fluid caused by the 40% fall 
in plasma protein concentration in our animals. 
Whether the secreted diarrheal fluid was isosmotic to 
plasma was not evaluated in this study, although it has 
been reported to be isotonic or hypertonic in other 
studies.” Thus the paradoxic increase in osmolality 
during the mildly hypotonic infusions was probably not 
due to the diarrhea. This conclusion is further sup- 
ported by the observation that the paradoxic increase 
in osmolality also occurred in the mildly hypotonic 
animals in which diarrhea did not develop. Thus the 
late rise in plasma osmolality was caused by the excess 
free water excretion by the kidnevs, not by the gas- 
trointestinal tract. 

The arterial and venous pressures were increased in 
both groups of animals. Regression analysis revealed 
that this rise in vascular pressures was due to the net 


volume infused and not related to osmolality or elec- 
trolyte concentrations. Thus the difference in the vas- 


cular pressure responses is due primarily to the differ- 
ences in the volume infused. Although the increases in 
arterial and venous pressures could be anticipated with 
the large volumes of fluid being infused, the increased 
heart rate during the mildly hypotoric Ringer’s infusion 
was not anticipated and contrasted with the steady 
decrease in heart rate observed during the markedly 
hypotonic infusion. One possible explanation is that the 
increased heart rate was a result of blood osmolality 
changes because heart rate is known to be directly 
related to osmolality.’ Therefore the increase in heart 
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rate in animals in which hyperosmolality developed and 
the decrease in heart rate in those with hypoosmolality 
would be consistent with our prior, knowledge. How- 
ever, further evaluation of the heart rate curve reveals 
that heart rate started to increase between hours 1 and 
2 of the mildly hypotonic Ringer's infusion before 
osmolality had increased; thus making the osmolar 
change unlikely as a total explanation of the increased 
heart rate. A more plausible explanation is that the 
increased heart rate was in response to a compromise in 
cardiac function after mild congestive heart failure 
developed because of the large volumes of fluid infused 
in the mildly hypotonic animals. This is suggested by a 
mild drop in Po in these animals that correlated 
temporally with the increase in heart rate between 
hours 1 and 2 of the infusion and was not seen in the 
markedly hypotonic group. 

In summary, we have shown that infusions of large 
volumes of mildly hypotonic fluid in the pregnant ewe 
cause a paradox increase in blood osmolality associated 
with diarrhea and increased heart rate whereas infu- 
sions of markedly hypotonic fluid cause the theoreti- 
cally anticipated decrease in osmolality without associ- 
ated diarrhea and with decreased heart rate. The dif- 
ference in the maternal .osmolality responses is a 
reflection of free water handling: a gain in free water in 
the markedly hypotonic group and an excessive free 
water excretion by the kidneys in the mildly hypotonic 
group. The diarrhea occurred only during the larger 
infusions of mildly hypotonic solutions and thus most 
likely reflects the larger increase in venous pressure and 
decrease in colloid osmotic pressure in this group. The 
heart rate changes seem to be due to a reflex bradycar- 
dia and a decrease in osmolality in the markedly hypo- 
tonic group whereas the increase in heart rate in the 
mildly hypotonic animals reflects a mild pulmonary 
congestion that resulted from the larger infusion vol- 
umes in this group. Further, although both the mild 
and the markedly hypotonic solutions are effective in 
increasing vascular pressure, it appears that the use of 
fluids that are relatively more hypotonic than Ringer's 
solution are needed to reduce plasma osmolality when 
infused volumes are large. 
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Dehydration increases the renal response to atrial 
natriuretic peptide in fetal sheep 


Adam Dodd, MD, Kenenth Chan, MD, Linda K. Kullama, PhD, M. Gore Ervin, PhD, and 


Michael G. Ross, MD, MPH 


Torrance, California 


OBJECTIVE: In sheep, maternal water deprivation results in urinary natriuresis in spite of suppression of 
plasma atrial natriuretic factor levels. Near-term fetal sheep also have a urinary natriuresis without change 
in plasma atrial natriuretic factor during maternal dehydration. This study was designed to explore the 
role of plasma atrial natriuretic factor levels in fetal dehydration-natriuresis. 

STUDY DESIGN: Eight chronically instrumented preterm (113 + 1 days) ovine fetuses received two atrial 
natriuretic factor infusions (3 and 15 na/kg/min) in a euhydrated state and after 48 + 1 hours of maternal 


water deprivation. 


RESULTS: Dehydration signifi cantly increased maternal plasma osmolality (302 + 2 to 313 + 2 mOsm/kg 
water), sodium (148.1 + 0.8 to 154.3 + 0.4 mEq/L), chioride (112.4 + 0.6 to 116.8 + 0.9 mEq/L), and y 
arginine vasopressin (4.2 = 1.2 to 23.0 + 4.0 pg/ml) and significantly decreased plasma atrial natriuretic 
factor (36 + 6 to 19 + 4 pg/ml) concentrations. Fetal plasma osmolality (296 + 1 to 308 + 2 mOsm/kg), 
atrial natriuretic factor (128 + 16 to 241 + 36 pg/ml), and arginine vasopressin (3.5 + 0.8 to 12.3 + 4.8 
pg/ml) concentrations and urine osmolality (170 + 10 to 253 + 10 mOsm/kg), osmolar clearance 

(0.80 + 0.02 to 0.14 + 0.02 ml/kg/min). and fractional sodium excretion (3.3% + 1.7% to 8.5% + 2.1%) 
increased significantly with dehydration, whereas the plasma atrial natriuretic factor clearance decreased 
from 127 + 27 to 63 + 10 mi/kg/min. Dehydration had no effect on fetal hematocrit, vascular pressures, 
glomerular filtration rate, urine flow, or free water clearance. In euhydrated fetuses plasma atrial natriuretic 
factor increased from 128 + 16 to 287 + 46 pg/ml with sequential atrial natriuretic factor infusion, and 

no significant increases were observed in urine flow, fractional sodium excretion, and glomerular filtration 
rate. In contrast, atrial natriuretic factor infusion to dehydrated fetuses significantly increased urine flow 
(0.17 + 0.03 to 0.32 + 0.07 ml/kg/min), osmolar clearance (0.14 + 0.02 to 0.28 + 0.06 ml/kg/min), and 


fractional sodium excretion (8.5% + 2.1% to 14.8% + 4.0%). 


CONCLUSION: These results demonstrate that in the fetus at 113 days’ gestation plasma atrial natriuretic 
factor levels increase with dehydration, probably a result of decreased plasma atrial natriuretic factor 
clearance, and the fetal renal responsiveness to atrial natriuretic factor infusion increases during maternal 


dehydration. (Am J Osster Gynecot 1992;167:1710-6.) 


Key words: Ovine, fetal, renal atrial natriuretic factor response, dehydration 


Atrial natriuretic factor (ANF) denotes a: family of 
atrial peptides that promote natriuresis, diuresis, and 
vasorelaxation in mammals." * Ovine fetal plasma ANF 
levels are significantly higher than maternal values and 
increase in response to volume expansion and hy- 
poxia.* * Intravenous ANF infusions result in no 


change” * or a decrease’ in fetal arterial blood pressure 
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and no change? or an increase,” ° in fetal heart rate. 


Whereas the natriuretic effects of ANF are diminished 
in the ovine fetus as compared with those of the adult,” 
greater diuretic and natriuretic responses are observed 
in preterm versus near-term fetal sheep.’ 

In response to dehydration, adult sheep have a uri- 
nary antidiuresis but a significant natriuresis.” Although 
the natriuresis would seem to conflict with the observed 
50% reduction in plasma ANF levels,’ maternal renal 
medullary ANF receptor binding capacity increases 


-ninefold after dehydration.'’ Although fetal sheep at 


127 days’ gestation also have a urinary natriuresis in 


- response to maternal dehydration, plasma ANF levels 


do not change and there is no significant change in 
binding capacity of renal ANF receptors.* '° Whereas the 
increased maternal renal binding capacity may explain 
maternal urinary natriuresis, the role of plasma ANF 


levels in the regulation of fetal natriuresis is unclear. 
} 
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We explored the role of fetal plasma ANF in the 
regulation of fetal urine flow and composition during 
dehydration. As fetal renal responses to ANF decrease 
with advancing gestational age, we elected to study the 
ovine fetus in the early third “trimester” (113 days, or 
0.78 of gestation). 


Methods and material 
_ Animal preparation and surgery. Eight chronically 
instrumented Western cross-bred ewes (Nebeker 
Ranch, Lancaster, Calif.) with singleton fetuses were 
studied. Ewes were maintained indoors in individual 
steel cages before and after surgery, with a controlled 12 
hours light and 12 hours dark photoperiod. Food and 
water were available as desired except for the withhold- 
ing of food for 24 hours before surgery and withholding 
of water as described in the following text. 

Anesthesia was induced by intramuscular injection of 
ketamine hydrochloride (20 mg/kg) and atropine sul- 
fate (30 g/kg) and maintained by maternal endotra- 
cheal ventilation with isoflurane. The maternal abdo- 
men was opened by midline incision, the uterus was 
exposed, and both fetal hind limbs were delivered 
through a small hysterotomy. A fetal bladder catheter 
(Tygon, inside diameter 1.3 mm, outside diameter 2.3 
mm) was inserted via cystotomy and polyethylene cath- 
eters (Tygon, inside diameter 1.0 mm, outside diameter 
1.8 mm) were threaded into the fetal descending aorta 
and inferior vena cava via the femoral artery and vein, 


respectively. Before hysterotomy closure, a plastic cath- _ 


eter (Corometrics Medical Systems, Wallingford, Conn.) 
was inserted into the amniotic cavity. The uterus and 
maternal abdomen were closed in layers. Polyethylene 
catheters also were threaded into the maternal abdom- 
inal aorta and inferior vena cava via the femoral artery 
and vein, respectively. All catheters were externalized to 
the ewe’s flank and placed in a cloth pouch. 

Animals received 3 days of postoperative antibiotics 
to the ewe and fetus. Maternal and fetal catheters were 
flushed daily with heparinized saline solution (10 
IU/ml), subsequently filled with sodium heparin solu- 
tion (10 and 1000 IU/ml, respectively}, and sealed with 
sterile plastic caps. 

Experimental protocol. Experiments were per- 
formed a minimum of 5 days after surgery on ewes 
standing in the same cages in which they were housed. 
The mean gestational age at the initiation of studies was 
113-+ 1 day. Water was removed from the ewe at the 
beginning of the study on day 1 (8 am). During a 
60-minute equilibration period (—60 to time 0), the 
fetal bladder catheter was drained to gravity, and an 
intravenous infusion of tritiated inulin (10 wCi/hr) in 
0.15 mol/L sodium chloride (0.05 ml/kg/min) was initi- 
ated for determination of glomerular filtration rate. 
Fetal arterial pH and urine osmolality were assessed, 
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and the study was continued only if the arterial pH was 
27.30 and fetal urine osmolality was <200 mOsm/kg 
water. 

After the equilibration period, fetal urine was col- 
lected into glass tubes at 10-minute intervals. The study 
protocol consisted of four 40-minute periods (control, 
two ANF infusion periods, recovery) with 0.15 mol/L 
sodium chloride or ANF in 0.15 mol/L sodium chlor-de 
delivered at 0.05 ml/kg/min. During the control period 
(0 to 40 minutes), fetuses received intravenous 0.15 
mol/L sodium chloride infusion. At 40 minutes syn- 
thetic human ANF(1-28) (Bachem, Torrance, Calif.) was 
administered at 3 ng/kg/min and subsequently in- 
creased to 15 ng/kg/min at 80 minutes. At 120 minutes 
the 0.15 mol/L sodium chloride infusion was resumed 
and the fetus was monitored for a final 40-minute 
recovery period. Infusion rates were based on the esti- 
mated fetal body weight from the formula described by 
Robillard and Weitzman." 

Fetal and maternal arterial blood samples (3.5 to 4.0 
ml) were withdrawn at 15, 25, and 35 minutes of each 
study period and placed into chilled tubes. For ANF 
determination, tubes contained ethylenediaminetet- 
raacetic acid (1 mg/ml), aprotinin (250 kallikrein inhib- 
itor units per milliliter), and soybean trypsin inhibitor 
(N-a-benzoyl-L-arginine ethyl ester, 50 U/ml). For he- 
matocrit, plasma osmolality, sodium, potassium, and 
chloride concentrations and tritiated inulin, the tubes 
contained lithium heparin (10 ywl/ml blood). To mini- 
mize blood volumes, samples for determination of 
plasma arginine vasopressin (AVP) levels were collected 
only at 15 and 25 minutes of the control period. All 
samples were centrifuged immediately at 4° C, and 
plasma aliquots for ANF and AVP assays were separated 
and stored at —20° C until extracted. Additional arte- 
rial blood samples (0.5 ml) were collected into heparin- 
ized syringes for determination of arterial pH, Pos, and 
Pcos. Fetal blood samples were replaced with an equal 
volume of heparinized maternal blood withdrawn be- 
fore the study. At the end of each urine collection 
period (10 minutes), urine flow, osmolality, and sodium, 
potassium, and chloride concentrations were measured 
and aliquots were taken for measurement of tr-tiated 
inulin levels. 

At 48 hours of dehydration (day 3), a protocol iden- 
tical to that of study day 1 was initiated. 

Analytic methods. Plasma ANF and AVP samples 
were extracted and levels were determined by radioim- 
munoassay as previously described.’ “* The sersitivity 
of the ANF assay is 2 pg/ml, and the intraassay and 
interassay coefficients of variation were 11% and 13%, 
respectively. The sensitivity of the AVP assay is 0.8 
pg/ml with intraassay and interassay coefficients of vari- 
ation of 6% and 9%, respectively. l 

Maternal and fetal arterial blood pressures and am- 


1712 Dodd et al. 


December 1992 | 
Am ] Obstet Gynecol 


Table I. Mean maternal arterial measurements before, during, and after intravenous fetal infusions of ANF 


(3 and 15 a on day 1 (control) and day 3 (after 48 hours’ sinha 







Control 


Osmolality (mOsm/kg water) 1 302 + 2 
ae, 3 315 = 2P 
Sodium (mEq/L) l 148.1 + 0.8 
; 3 154.3 + 0.4* 
Potassium (mEq/L) I 44+ 0,] 
x 4.2+0.] 
Chloride (mEq/L) 1. 112.4 + 0.6 
af 3 116.8 + 0.9* 
ANF (pg/ml) l 36 + 6 
E 3 19 + 4* 
AVP (pg/ml) l 42 +41.2 
| 3 


‘Values are mean’ + SEM. 
*h < 0.05, versus day 1. 
tp <.0.05, versus control period. 


niotic fluid pressures were continuously recorded with a 
Beckman R-612 physiologic recorder (Beckman Instru- 
ments, Irvine, Calif.) with Statham P23. transducers 
(Gould, Waltham, Mass.). Fetal blood .pressures were 
standardized by subtracting amniotic fluid pressure. 
Blood pH, Pos, and Pecos were determined at 39° C 
with a Radiometer BM 33 MK2-PHM 72 acid-base 
analyzer system (Radiometer, Copenhagen). Plasma 
and urine osmolalities were measured by freezing-point 
depression with an Advanced Instruments Osmometer 
(model MO, Advanced Instruments, Needham Heights, 
Mass.). Plasma and urine sodium, potassium, and chlo- 
ride concentrations were determined with a Nova 5 
electrolyte analyzer (Nova Biomedical, Waltham, 
. Mass.). Plasma and urine tritiated ‘inulin levels were 
assessed by counting 100 yl aliquots diluted in 10 ml. of 
Hydrofluor (National Diagnostics, Sommerville, N.J.) in 
a Beckman LS-355 liquid scintillation counter. 
| Calculations and statistics. All values are expressed 
as mean + SEM: ANF plasma clearance (PC np) rates 
were calculated as PCinr = ANFing (Pany steady 
state — Payr basal), where ANF, is the ANF infusion 
rate (nanograms per kilogram per minute) determined 
from radioimmunoassay measurements of the infusates 
and Panr Steady state and Poe basal are the plasma 
ANF concentrations (picograms per milliliter) after cor- 
rection for extraction recovery at either steady state 
during the 15 ng/kg/min ANF infusions or during the 
basal periods, respectively. Differences over time were 
assessed by one-way and two-way analysis of variance for 
repeated measures, with Dunnett’s post hoc tests. Basal 
day 1 (euhydrated) and day 3 (dehydrated) fetal values 
were compared by paired ¢ tests. 


Results’ 
Dehydration. During the basal period of study day 1, 
ewes and fetuses had normal plasma and urinary values 


4 


23.2 + 4.0% 





-3 nglkg/min 15 ng/kg/min 


301 + 2 301 + 2 302 + 2 
311 + 2 310 + 2+ 310 + H 
147.6. + 0.8 147.9 + 0.9 147.8 + 1.0 
153.5 + 0.5 153.5 + 0.5 153.2 + 0.5t 
45+ 0.1 4.5 +0.1 4.5+0.1 
4.2 + 0.1 4.2+0.1 42+0.1 
112.5 + 0.8 112.8 + 0.5 112.7 + 0.6 
116.7 + 0.8 116.5 + 0.7 117.8 + 1.5 
88 + 6 34 +5 35 +6 
25 & il 21+6 23 +6 


(Tables I to II, Fig. 1). Control maternal hematocrit 
(30.0% + 1.5%), pH (7.50 + 0.01), Pog (87 + 3 mm 
Hg), Pcos (30 + 1 mm Hg), systolic (101 + 4 mm Hg) 
and diastolic (69 + 4 mm Hg) blood pressures, and 
heart rate (107 + 3 beats/min) did not change signifi- 

cantly in response to dehydration or fetal ANF infu- — 
sions. In response to maternal dehydration, maternal 
plasma osmolality and sodium, chloride, and AVP con- 
centrations significantly increased and plasma ANF lev- 
els significantly decreased (Table I). Similarly, fetal 


=- plasma osmolality and sodium, potassium, chloride, 


i 


and AVP concentrations significantly increased with 
maternal dehydration: (Table I). Basal fetal plasma 
ANF levels were significantly greater than maternal 
values (128 + 16 vs 36 + 6 pg/ml) and significantly 
increased (241 + 36 pg/ml) with dehydration (Fig. 1). 
There were no significant changes in fetal pH 
(7.41 + 0.01), Pos (23 + 1 mm Hg), or Pcog (42 + 
1 mm Hg) in response to maternal dehydration or fetal 
ANF infusions. 

Expected increases in fetal urine osmolality, sodium, 
chloride, and potassium concentrations were observed 
during dehydration (Table III). Fetal urinary osmolar 
clearance and fractional sodium excretion significantly 
increased, free water clearance decreased, and glomer- 
ular filtration rate was unchanged (Table III, Fig. 1). 

ANF infusion. ANF infusate concentrations were 
assayed, and ANF infusion rates of 3 + 1 and 15 + 
2 ng/ke/min were confirmed on both days of study. 


Because no difference was noted in fetal plasma ANF 


levels at the sampling times of 15, 25, and 35 minutes 
during each infusion period, all results are expressed as 
the mean value for each respective infusion period. On 
study days 1 and 3 ANF infusions to euhydrated and 
dehydrated fetuses increased plasma ANF levels ap- 
proximately twofold over control values during the 15 
ng/kg/min infusion and remained significantly elevated 
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during the recovery period (Fig. 1). Consistent with the 
small, nonsignificant increase in plasma ANF levels 
during the 3 ng/kg/min infusion, there were minimal 
fetal arterial or urinary effects at this dose (Table II). 
However, the 15 ng/kg/min ANF infusion resulted in a 
significant decrease in fetal systolic blood pressure dur- 
ing both euhydration and dehydration. A small but 
significant decrease in maternal and fetal plasma osmo- 
Jalities was demonstrated in dehydrated fetuses during 
the ANF infusion. There were no changes in fetal 
hematocrit, pH, Pos, Pcog, diastolic blood pressure, or 
plasma electrolyte concentrations during ANF infusions 
to euhydrated and dehydrated animals. 

In euhydrated fetuses the ANF infusions evoked min- 
imal urinary effects evidenced by small, nonsignificant 
increases in urine flow and sodium and chloride con- 
centrations (Table III, Fig. 1). However, the 15 
ng/kg/min ANF infusion to dehydrated fetuses resulted 
in a twofold increase in urine flow and osmolar clear- 
ance and a marked increase in fractional sodium excre- 
tion. Although the 15 ng/kg/min ANF infusion to de- 
‘hydrated fetuses was associated with a 40% increase in 
glomerular filtration rate, this was not statistically sig- 
nificant. 

The calculated plasma ANF clearance significantly 
decreased from 127 + 27 to 63 + 10 ml/kg/min in 
response to 48 hours of maternal water deprivation. 


Comment 


Previous studies of maternal water deprivation have 
demonstrated parallel increases in maternal and fetal 
plasma osmolalities and sodium concentrations.” ** *° 
With prolonged dehydration, maternal plasma AVP 
levels increase to a greater degree than fetal levels, 
perhaps as a result of the reduced sensitivity for fetal 
AVP secretion in response to hypertonicity. In the adult 
sheep dehydration-induced AVP secretion increases 
urine osmolality and decreases urine flow and free 
water clearance.* Dehydration is also often character- 
ized by natriuresis, even though plasma ANF levels are 
suppressed. m 

The ovine fetus similarly has increased urine osmo- 
' lality and reduced free water clearance during dehydra- 
tion, likely mediated by increased plasma AVP.” 1479 
Similar to previous studies, 48 hours of maternal water 


deprivation resulted in no change in fetal urine flow 


rate and glomerular filtration rate and a marked in- 
crease in fractional sodium excretion. However, exoge- 
nous AVP infusions achieving plasma AVP levels similar 
to those measured during dehydration result in a 
marked decrease in fetal urine flow.'’ Although in- 
creased plasma AVP, renal tubular immaturity, and 
intrarenal factors may contribute to a natriuresis, our 


objective was to determine if increased ANF sensitivity 9: 


contributes to fetal dehydration-induced natriuresis. - 
In agreement with previous studies plasma ANF lev- 
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Fig. 1. Fetal plasma ANF, urine volume, osmolar clearance 
(Con) and fractional sodium excretion (FE,,) in euhydrated 
(open bars) and dehydrated (solid bars) during control, ANF 
infusion (3 and 15 ng/kg/min), and recovery periods. Asterisk, 
p < 0.05 (vs control period values). 


els were three to four times higher in the fetus than in 
the ewe.* In euhydrated fetal sheep Ervin et al.’ sug- 


gested that higher baseline fetal ANF levels are due to. 


increased fetal ANF production rather than decreased 
plasma clearance. In fact, ANF clearance rates are 
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Table II. Mean fetal arterial measurements before, during, and after intravenous fetal infusions of ANF (3 
and 15 ng/kg/min) on day 1 (control) and day 3 (after 48 hours’ dehydration) 






ANF infusion ANF infusion 
Hematocrit (%) l 34.5 1.0 34.0 + 1.0 34.6 + 1.1 34.3 + 1.3 
3 33.5 + 0.7 33.5 + 0.7 34.2 + 0.8 34.4 + 0.9* 
Systolic blood pressure (mm Hg) l 49 +2 48 + ] 46 + 2* 45 + 1* 
3 52 +] SIE 50 + 1* 50 + 1* 
Diastolic blood pressure (mm Hg) i a2 2 311 ch i a Sid 
3 33 eae | 39 +l re ere | 34+ 1 
Mean blood pressure (mm Hg) l 38 +2 38 + 1 37a J” 36 + 1* 
3 40 + 1 40+ 1 39 + J 39 + | 
Heart rate (beats/min) 1 185 + 3 191+ 6 190 + 5 204 + 9* 
3 180 + 5 185 + 5 = 189 +6 191+ 8 
Osmolality (mOsm/kg water) 1 296 + 1 295 = 2 | 296+ 2 297 + 3 
3 308 + 2ł 305 + 2* 305 + 2* 307 + 2 
Sodium (mEq/L) l 140.0: + 0.8 139.9 + 1.2 140.3 + 1.1 140.6 + 1.1 
i 3 146.8 + 0.5t 146.4 + 0.4 146.3 + 0.4 146.8 + 0.5 
Potassium (mEq/L) 1 4.0 + 0.2 4.0 + 0.2 4.0+ 0.1 3.9 + 0.1 
3 4.3 + 0.1t 4.3 + 0.1 43+ 0.1 4.3 + 0.1 
Chloride (mEq/L) 1 107.3 +-0.7 107.0 + 0.9 108.0 + 0.8 108.0 + 0.6 
3 111.7 + 0.4ł 111.9 + 0.3 112.0 + 0.3 112.0 + 0.4 
AVP (pg/ml) l 3.5 + 0.8 = = = 
3 12.3 + 4.8t = = = 


Values are mean + SEM. 
*p < 0.05, versus control period. 
tp < 0.05, versus day 1. 


Table II. Mean fetal urinary values before, during, and after intravenous fetal infusions of ANF 
(3 and 15 ng/kg/min) on day 1 (control) and day 3 (after 48 hours’ dehydration) 


Control 3 ngfke/min 15 ng/kg/min 










Recovery 


Urinary osmolality {mOsm/kg/water) 1 169.9 + 10.0 170.7 + 10.8 169.2 + 9.6 176.5 + 18.0 

3 253.3 + 29.3* 264.7 + 25.8 272.9 + 22.5 306.4 + 16.0ł 
Sodium (mEq/L) I 31.9 + 7.3 33.3 + 6.9 36.2 + 8.2 41.9 + 9.7 

3 82.1 + 14.2* 89.7 + 13.7 101.3 + 14.3t 115.3 + 11.3t 
Potassium (mEq/L) ] 8.0 + 2.8 7.3 + 2.5 6.1 + 2.2 54+ 1.8 

3 13.6 + 4.4* 13.0.+ 3.1 10.6 + 2.5 11.6 + 2.2 
Chloride (mEq/L) l 28.6 + 4.3 29.9 + 4.3 32.0 + 5.5 32.5 + 7.0 

3 61.1 + 10.0* 67.5 + 10.1 77.6 + 10.5t 86.2 + 8.6t 
Free water clearance (ml/min/kg) I 0.07 + 0.02 0.09 + 0.02 0.10 + 0.02 0.07 + 0.02 

3 0.03 + 0.02 0.03 + 0.02 0.03 + 0.02 0.00 + 0.01t 
Glomerular filtration rate (ml/min/kg) l 1.2 + 0.2 1.3 + 0.2 1.5 + 0.2 1.2 + 0.2 

3 12+ 0.1 1.4+ 0.3 1.7 + 0.3 1.2 + 0.2 


Values are mean + SEM. 
*h < 0.05, versus day I. 
tp < 0.05, versus control period. 


higher in the ovine fetus than in the pregnant ewe.” 
Dehydration decreases plasma ANF in pregnant ewes 
but not fetuses at 127 days’ gestation.” In the current 
study the dehydration-induced increase in plasma ANF 
levels observed in the fetuses at 113 days’ gestation has 
not been reported previously. There was no evidence of 
fetal hypoxia, volume expansion, or increased arterial 
pressure that could account for stimulation of ANF 
secretion. The reduced plasma ANF clearance rate 


(127 + 27 to 63 + 10 ml/kg/min) after maternal water 
deprivation likely contributed to the increased fetal 
plasma ANF levels. Plasma ANF clearance occurs in the 
lungs and kidneys of adult mammals and potentially 
the placenta during fetal life."* 1° Whether changes in 
fetal blood flow distribution to these organs or other 
factors are responsible for the reduced ANF clearance 
during dehydration was not assessed. 

The significant decrease in maternal and fetal plasma 
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osmolalities during the infusions to dehydrated fetuses 
is unlikely a direct ANF effect since ANF does not cross 
the ovine placenta in significant quantities”° and mater- 
nal plasma ANF levels did not change. In addition, the 


increase in fetal osmolar excretion is not sufficient to 
account for the decrease in fetal and maternal plasma 
osmolalities. Plasma osmolality changes may have been 
a result of maternal feeding-induced fluid fluxes.” 

Previous studies that examined the renal effects of 
ANF infusions into fetal sheep have produced numer- 
ous and often differing results. Robillard et al.” ob- 
served significant fetal natriuresis without changes in 
urine flow rate or glomerular filtration rate with ANF 
infusion rates of 25 and 100 ng/kg/min in fetuses of 128 
to 139 days’ gestation. Brace et al. observed both 
increased glomerular filtration rate and increased urine 
flow in response to ANF infusions ranging from 14 to 
300 ng/kg/min in fetuses of 126 to 133 days. However, 
Hargrave et al.” observed constant urine flow rates, 
glomerular filtration rate, and urine sodium levels with 
ANF infusions of 27 and 55 ng/kg/min in fetuses of 126 
to 131 days’ gestation. More recently Castro et al.’ 
reported increased glomerular filtration rate and urine 
flow rates in 1 14-day fetuses using ANF infusion rates of 
25 to 100 ng/kg/min but no change in glomerular 
filtration rate using the same infusion rate in 131- 
day fetuses. Shine et al.” also studied fetuses whose 
range of gestational ages encompassed 113 days’ 
gestation and observed both natriuresis and diuresis 
with ANF infusion rates of approximately 5 to 25 
ng/kg/min. Consistent with these studies, the low-dose 
(3 ng/kg/min) ANF infusion rate did not change urinary 
parameters in either the dehydrated or the euhydrated 
fetuses. Similarly, there was no significant effect of the 
15 ng/kg/min infusion in euhydrated fetuses. However, 
the 15 ng/kg/min ANF infusion evoked a marked diure- 
sis and natriuresis in the dehydrated fetuses. The in- 
creased plasma ANF levels in the dehydrated fetuses (a 
result of decreased clearance) could account for the 
increased renal effects. Increased AVP also may have 
contributed to the observed increased renal responsive- 
ness to ANF infusions, because AVP may potentiate 
ANF-induced natriuresis.”* 

Although the ANF-induced diuresis ended with the 
completion of the ANF infusion, the natriuresis ob- 
served in the dehydrated fetuses persisted during the 
recovery period. Increased plasma ANF levels corre- 
lated with maximum glomerular filtration rate and 
urine flow rates, suggesting that the diuresis may be 
secondary responses to direct ANF effects on fetal 
glomerular filtration rate. ANF tubular effects and 
postreceptor events may explain the persistent increase 
in fractional sodium excretion during the recovery pe- 
riod. Both the fetal natriuresis and an intravascular to 
interstitial flow? may have contributed to a reduction in 
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plasma volume (as reflected by the increase in fetal 
hematocrit). 

The state of hydration has been shown to influence 
the effect of ANF in adult animals. In adult dehydrated 
sheep renal arterial infusion of ANF (50 wg/hr) resulted 
in a blunted natriuretic and diuretic response as com- 
pared with that of euhydrated sheep.” The reduced 
response was postulated to be a secondary effect of tae 
negative sodium and fluid balance of the dehydrated 
animals. Similarly, dehydration attenuates the nati- 
uretic response to ANF in adult rats.” Both adult she2p 
and rats may exhibit hemoconcentration and total body 
sodium depletion during dehydration. However, as fezal 
intravascular volume is maintained® 7 and plasma to- 
dium level increases, there may be an increase in net 
fetal body sodium during maternal dehydration. Thus 
fetal renal ANF responses during dehydration may be 
discrepant from those of the adult. 

The results of the current study may well apply oaly 
to ovine fetuses near 113 days’ gestation, because there 
are marked differences in the response of older-gesta- 
tion fetuses. Increased renal responsiveness to AVP in 
sheep at 125 to 130 days versus sheep at younzer 
gestational ages'' indicates maturation of tubular re- 
sorptive function. However, the fetal renal response to 
ANF has been shown to decrease during this tame 
period.’ In addition, fetal responses to dehydration vary 
with gestational age: In contrast to the current results, 
fetal sheep at 127 days’ gestation show no change in 
plasma ANF levels in response to maternal dehydra- 
tion.” Future studies will examine the ontogeny of the 
role of plasma ANF in the fetal renal response to 
dehydration. 

In conclusion, plasma ANF levels increase in re- 
sponse to dehydration in ovine fetuses at 113 days’ 
gestational age, possibly as secondary effects of de- 
creased plasma ANF clearance. Dehydration increases 
the fetal renal responsiveness to near physiologic infu- 
sions of ANF and suggests that ANF plays an impor-ant 
role in fetal fluid homeostasis during pregnancy. 
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Ovine maternal and fetal renal vasopressin receptor 
response to maternal dehydration 


Linda K. Kullama, PhD, Michael G. Ross, MD, Robert Lam, Rosemary . D. Leake, MD, 


M. Gore Ervin, PhD, and Delbert A. Fisher, MD 
Torrance, California 


OBJECTIVE: Arginine vasopressin secretion increases i in response to increased plaan osmolality or - 
hypovolemia. Dehydration-induced increases in plasma arginine vasopressin levels have been shown to 
down-regulate arginine vasopressin V, receptors in adult rat kidneys. Our study determined ovine 
maternal and fetal renal arginine vasopressin receptor characteristics and eee een onSe to maternal 


dehydration. 


STUDY DESIGN: Eight pregnant ewes (113 + 1 days) were dehydrated for 72 Rous: eight animals 
served as controls. Renal medullary tissue was isolated from maternal and fetal kidneys, and arginine 

. vasopressin receptor characteristics determined with saturation and competition assays using tritiated 
arginine vasopressin, arginine vasopressin, and arginine vasopressin analogs. 
RESULTS: Euhydrated maternal and fetal renal medullary arginine vasopressin receptor dissociation 
constant (3.0 + 0.3 and 1.9 + 0.3 nmol/L) and maximal binding capacity (149 + 15 and 111 + 33 
fmoi/mg protein) values were similar. Pharmacologic profiles with selective agonists indicated a 
predominance of V2 receptors. Dehydration significantly increased maternal and fetal plasma osmolalities 
(304 + 2 to 320 + 2; 296 + 1 to 319 + 3 mOsm/kg water, respectively) and arginine vasopressin levels 
(3.8 + 1.4 to 29.3 + 4.6; 4.4 + 1.0 to 16.9 + 5.0 pg/ml, respectively) but had no effect on arginine 


vasopressin receptor binding, 


CONCLUSION: Specific, saturable, single-site tritiated arginine vasopressin Baan is present in ovine 
maternal and fetal renal medullary membranes. Ovine maternal and fetal renal arginine vasopressin 
receptors do not down-regulate in response to dehydration-induced elevations in plasma arginine 


vasopressin levels. (Am J Opster GYNECOL 199251675171 7-22. ) 


t 


Key words: Ovine, fetal, renal, arginine vasopressin receptor, dehydration, down-regulation 


Body fluid homeostasis is critically dependent on the 
capacity of.the kidneys to regulate free water excretion. 
The primary. determinant of renal water reabsorption is 
circulating arginine vasopressin. The primary stimuli 
for arginine vasopressin secretion are increased: plasma 
osmolality or decreased plasma volume, although sev- 
eral other physiologic events also contribute.' The an- 
tidiuretic effect of arginine vasopressin on renal collect- 
ing tubules is mediated via adenylate cyclase—linked V3 
receptors.” This hormone-receptor interaction may in 
itself be a regulatory mechanism: For instance, with its 
associated effects on plasma osmolality and arginine 


vasopressin .levels, dehydration has been shown to. 


down-regulate V, receptors in adult rat kidneys.* 
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The ovine maternal-fetal animal model is used exten- 
sively in fluid balance studies and has been ‘very useful 
in characterizing the ontogeny of fetal renal responses 
to arginine vasopressin.” ° To date, however, there is 
limited information available describing the maturation 
of ovine renal arginine vasopressin receptors’ and no 
information. concerning receptor responsiveness to 
physiologic. alterations in plasma arginine vasopressin 
levels. In our study we compared ovine maternal and 
fetal renal. medullary membrane arginine vasopressin 
receptor characteristics in control (euhydrated) animals 
and in animals after 72 hours of maternal dehydration. 


Material and methods 

Animals and experimental. Eight time-dated preg- 
nant ewes and fetuses (113 + 1 days’ gestation) were 
studied in the dehydration protocol; renal tissue was 
obtained from eight maternal and six fetal animals. For 
control renal values tissues were obtained from. eight 
euhydrated pregnant ewes and four fetuses (122 + 4 
days) because the other four fetuses had been studied in 
protocols that may have compromised renal parame- 
ters. All animals were housed indoors in individual steel 
study cages and were acclimated to a 12-hour-light/12- 
hour-dark cycle. They had free access to food (alfalfa 
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pellets) and water except for the withholding of food for 
24 hours before surgery and the withholding of water as 
will be described later. The protocol was approved by 
the Harbor-UCLA Animal Use Committee and was in 
accordance with American Association for Accreditation 
of Laboratory Animal Care and National Institutes of 
Health guidelines. 

Animals in the dehydration protocol were prepared 
with chronically implanted maternal and fetal intravas- 
cular catheters, a fetal bladder cetheter, and an amni- 
otic catheter as described previously.’ All catheters were 
exteriorized to the maternal flank and placed in a cloth 
pouch. Animals were allowed 25 days for postoperative 
recovery, which included catheter maintenance and an- 
tibiotic administration.’ 

On study day 1 the fetal bladder catheter was drained 
to gravity and an intravenous infusion of tritiated inulin 
(10 wCyYhr) in 0.15 mol/L sodium chloride (0.05 
mi/kg/min) was initiated for determination of glomeru- 
lar filtration rate. Animals were monitored for cardio- 
vascular parameters (arterial blood pressure, heart rate) 
during a l-hour control period during which two ma- 
ternal and two fetal arterial blood samples (4 cm”) were 
withdrawn. Fetal urinary parameters (osmolality, elec- 
trolytes, urine flow per 10 minutes) were also assessed. 
`- Water was then removed from the cage. Animals were 
monitored daily. On study day 4 after 72 hours of 
maternal dehydration, maternal and fetal cardiovascu- 
lar parameters were again assessed and two arterial 
blood samples withdrawn before euthanization and tis- 
sue harvest. On study days 1 and 3 (48 hours of 
dehydration) fetuses were used in an atrial natriuretic 
factor infusion protocol (data repcrted separately). 

Fetal blood samples were replaced with an equivalent 
volume of heparinized maternal blood withdrawn be- 
fore the study, and maternal blood samples were re- 
placed with an equivalent volume of 0.15 mol/L saline 
solution. Blood aliquots were assessed for hematocrit, 
pH, Pos, Pecos, plasma osmolality and electrolyte (sodi- 
um, chloride, and potassium) concentrations, and 
plasma arginine vasopressin. Blood Pog, Pcos, and pH 
were measured at 39° C with a blood gas analyzer 
system (Radiometer BMS 33 MK2-PHM 73 GMA2, 
Radiometer, Copenhagen). Plasma and urine osmolal- 
ity was measured by freezing poirt depression on an 
osmometer (Advanced Digimatic, model 3MO, Ad- 
vanced Instruments, Needham Heights, Mass.), and 
plasma and urine sodium, potassium, and chloride 
concentrations were determined (NOVA 5 electrolyte 
analyzer, NOVA Biomedical, Waltham, Mass). Aliquots 
(100 wl) of fetal plasma and urine were taken for 
measurements of tritiated inulin levels for determina- 
tion of glomerular filtration rate. 

Plasma arginine vasopressin levels were measured by 
radioimmunoassay of 1 ml plasma samples extracted on 
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Sep Pak (Waters Associates, Milford, Mass.) columns as 
described previously." The arginine vasopressin radio- 
immunoassay used by our laboratory is sensitive to 0.8 
pg/ml plasma; intraassay and interassay coefficients of 
variation were 6% and 9%, respectively. 

Preparation of renal medullary membranes. Mater- 
nal ewes were killed by intravenous pentobarbital (60 
mg/kg) infusion. Fetuses were delivered from the uterus 
and killed by intraumbilical pentobarbital (60 mg/kg) 
infusion. Kidneys were removed and placed in iced 
homogenization buffer (10 mmol/L Tris-hydrochloride, 
0.10 mmol/L phenylmethy] sulfonyl fluoride, 1 mmol/L 
ethylenediaminetetraacetic acid, pH 7.4). Kidneys were 
decapsulated and cut into 1 cm horizontal slices. The 
renal cortex was removed by blunt dissection, and the 
medullopapillary region was minced and weighed. Tis- 
sue was homogenized in homogenization buffer by 
using a motor-driven Teflon glass homogenizer, filtered 
through cloth (Nitex Monoscreen, Tetko Corp., Elms- 
ford, N.Y.), and centrifuged at 600g-for 10 minutes at 
4° C to remove debris. The resulting supernatant was 


-centrifuged (40,000g for 20 minutes at 4° C), and the 


pellet was resuspended and homogenized in receptor 
buffer (100 mmol/L Tris-hydrochloride; 10 mmol/L 
magnesium chloride; 0.5 mg/ml bacitracin, and 100 
[U/ml aprotinin, pH 7.4). This suspension was recen- 
trifuged at 40,000z for 20 minutes at 4° C, the pellet 
was resuspended and homogenized in a volume of 
receptor buffer equal to two times the initial ussue wet 
weight, and an aliquot was taken for protein measure- 
ment by the Bradford method.’ The remainder of the 
membrane suspension was frozen at — 70° C. 

Tritiated arginine vasopressin saturation studies. 
Saturation assays included duplicate tubes containing 
increasing tritiated arginine vasopressin concentrations 
(0.5 to 15 nmol/L; 54 to 68 Ci/mmol) in the absence (total 
binding) or presence (nonspecific binding) of 0.5 wmol/L 
unlabeled arginine vasopressin and 400 to 500 yg of 
membrane protein in a total volume of 500 pl. Samples 
were incubated at 25° C for 60 minutes, and bound and 
free radioactivity was separated by rapid filtration 
through GF/C (Fisher Scientific, Pittsburgh; 1.2 jm) fil- 
ters presoaked with receptor buffer. Filters were sus- 
pended and vortexed in 10 ml CytoScint (WestChem 
Products, San Diego), and radioactivity was counted in a 
liquid scintillation counter (Beckman LS 350, Beckman 
Instruments, Irvine, Calif.). Specific binding (total 
binding — nonspecific) represented 30% to 70% of total 
binding (specific binding at 3 nmol/L averaged 50% 
to 60% for both maternal and fetal membrane prep- 
arations). 

Tritiated arginine vasopressin displacement stud- 
ies. Displacement of tritiated arginine vasopressin bind- 
ing by a series of arginine vasopressin analogs, 
including: Va agonist desmopressin, selective V, agonist 
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(Phe*, Ile, Orn®-VP), and oxytocin was assessed in 
duplicate 500 yl incubation volumes with a fixed con- 
centration of tritiated arginine vasopressin (1 nmol/L) 
and analog concentrations ranging from 10~"* to 10745 
mol/L. Incubations were carried out as described earlier 
(400 to 500 wg of membrane protein, 25° C for 60 
minutes). 

Materials. Tritiated arginine vasopressin was pur- 
chased from Dupont New England Nuclear, Boston; 
unlabeled arginine vasopressin, V, agonist desmo- 
pressin, and oxytoxin from Bachem California, Tor- 
rance, Calif.; and Phe’, Ileř, Orn®-VP was obtained from 
Peninsula Laboratories, Inc., Belmont, Calif. 


Data analysis. Data were analyzed with the iterative 
nonlinear model-fitting program LIGAND." Signifi- 
cance of differences among experimental values was de- 
termined by ż test or by analysis of variance, and Bonfer- 
roni’s method was used for individual comparisons. The 
two control period blood samples and cardiovascular 
parameter measurements (determined at 30-minute in- 
tervals) were averaged, and the mean value for study days 
1 and 4 is reported. Values of p < 0.05 were con- 
sidered significant. Data are expressed as mean + SEM. 


Results 


Control. Specific tritiated arginine vasopressin bind- 
ing to ovine renal medullary membranes was linear with 
increasing amounts of membrane protein (Fig. 1). 
Binding was saturable and best fit a single-site model. 
The euhydrated maternal equilibrium dissociation con- 
stant was 3.0 + 0.4 nmol/L, and the maximal binding 
capacity was 149 + 15 fmol/mg protein. Euhydrated 
fetal dissociation constant (1.9 + 0.3 nmol/L) and max- 
imal binding capacity (111 + 33 fmol/mg protein) val- 
ues were similar to maternal values. 

Displacement of tritiated arginine vasopressin by 
arginine vasopressin analogs allowed estimation of 
dissociation constant values; the rank order of po- 
tency was arginine vasopressin (3.5 nmol/L) = V, ago- 
nist desmopressin (16 nmol/L)> >V, agonist (> 1500 
nmol/L) > >oxytocin (>1 mmol/L) (Fig. 2). Mem- 
branes from both euhydrated and dehydrated maternal 
kidneys were used for displacement studies because no 
differences in dissociation constant or maximal binding 
capacity values were observed with dehydration. 

Dehydration 

Plasma parameters. Maternal arterial blood values and 
plasma arginine vasopressin levels before dehydration 
and on day 4 (after 72 hours of dehydration) are shown 
in Table I. Data are presented for six ewes; for two 
animals, blood samples were not obtained on day 4 
before tissue harvest. In response to dehydration ma- 
ternal hematocrit, plasma osmolality, and sodium, chlo- 
ride, and arginine vasopressin levels increased and 
maternal arterial pH and Po, decreased. There were no 
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Fig. 1. Specific tritiated arginine vasopressin (7H AVP) bind- 
ing of a single maternal euhydrated renal medullary mem- 
brane preparation with increasing protein concentration (top 
panel), with increasing radioligand concentration (middle pan- 
el), Scatchard plot (bottom panel). 


changes in other measured maternal variables. Plasma 
samples collected during daily monitoring indicated 
that maternal plasma arginine vasopressin values were 
significantly increased by 48 hours of dehydration (24 
hours: 12.3 pg/ml; 48 hours: 24.1 pg/ml, p < 0.05). 
Fetal arterial blood values and plasma arginine vaso- 
pressin levels before maternal dehydration and on day 
4 are shown in Table II. In response to maternal 
dehydration, fetal plasma osmolality and sodium, chlo- 
ride, and arginine vasopressin concentrations increased 
and fetal arterial pH decreased; other measured fetal 
values did not change. Fetal plasma arginine vaso- 
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Fig. 2. Displacement of specific tritiated arginine vasopressin (7H AVP) binding by increasing 
concentrations of arginine vasopressin, Vy agonist desmopressin (dDAVP), V, a (Phe*, Ile’, 


Orn®-VP), and ee (n = 6). 


Table I. Maternal arterial blood values and 
plasma arginine vasopressin levels 

before (euhydrated) and after 

(dehydrated) 72 hours of | 

maternal dehydration 






; Dehydration ` 
T MESON. 
(mean +- SEM) 


Euhydraticn 
n= 6 


(mean + SEM) 






Hematocrit (%) - 28.9 +:0.8 31.6 + 1.2* 
PDH e w ; 7.51 + 0.01 7.45 + 0.02* 
_ Pog (mm Hg) 86 + 3 , ee 
Pco, (mm. Hg) 30+ 1° 50 + 1 
Blood pressure (mm Hg) 
Systolic 101 +5 99 + 4 
Diastolic 69 + 4 : 713 
, Heart rate (beats/min) 110 + 3 107 + 8 
Osmolality COSES 304 + 2 320 = 2* 
water) | ' 
Sodium (mEq/L) 148.7 + 0.3 156.8 + 0.8* 
Chloride (mEq/L) 112.6 + 0.3 117.6 + 1.3*° 
Potassium (mEq/L). 44+ 0.1 4.2+0.1 | 
Arginine vasopressin 3.8 + 14 ‘29.3 + 4,.6* 


(pg/ml) 


*Significant difference (p < 0. 2 between euhydrated and 
dehydrated values. ` : 


pressin levels did not significantly increase until 72 
hours of dehydration (24 hours: 5.8 pg/ml; 48 hours: 
12.4 pg/ml). 

` Urinary parameters, Dehydration had no effect on fetal 
urine flow rates (0.25 + 0.06 to 0.21 + 0. 07 ml/min) or 
glomerular ‘filtration rate (2.2 + 0.2 to 1.9 + 0.5 
ml/min). Urine osmolality’ significantly increased 
(172 + 13 to 300 + 27 mOsm/kg water), and free water 
clearance significantly decreased (0.12 + 0.04: to 
.0:01 + 0.01 ml/min). 

‘Arginine vasopressin binding characteristics. Dehydration 


Table II. Fetal arterial blood values and 
plasma arginine vasopressin levels 
before (euhydrated) and after 
(dehydrated) 72 hours of 

maternal dehydration 















(mean + SEM) | (mean + SEM) 
Hematocrit (%; n = 5) 34.4 + 1.2 32.6 + 0.9 
. pH 7.4) + 0.0] 7.38 + 0.01* 
Pog (mm Hg) 22:2 2h 
Pco, (mm Hg) 42 + ] 42? + 2 
Blood pressure (mm Hg; n = 4) ae 
Systolic 49 +2 55+ 2 
Diastolic 32 Ł 1 35 + 2 
Heart rate (beats/min; 190 + 4 198 + 5 
n = 4) 
Osmolality (mOsm/kg 296.2 + 1.1 319.0 + 2,9* 
water) > 
‘Sodium (mEq/L) 139.6 + 1.0 150.8 + 1.4* 
Chloride (mEq/L) 106.4 + 0.8 113.1 + 2.2% 
Potassium (mEq/L) . 4.0 + 0.2 44+ 0.1 
Arginine vasopressin 44+ 1.0 16.9 + 5.0* 
(pg/ml) 


Except as noted, n = 6. 
*Significant difference (p < 0.05) between E and 
penyerates values. 


had no effect on maternal or fetal dissociation constant 
values when compared with euhydrated values (mater- 
nal control: 3.0 + 0.3 vs dehydrated: 2.7 + 0.3 nmol/L; 
fetal control: 1.9 + 0.3 vs dehydrated: 1.2 + 0.3 
nmol/L). Neither maternal nor fetal maximal binding 
capacity values .(maternal control: 149 + 15 vs dehy- 
drated, 128 + 10. fmol/mg protein; fetal control: 
111 + 33. vs dehydrated, 122 + 22 fmol/mg protein) 
changed in responsé to dehydration. The rank order of 
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potency for analog displacement of tritiated arginine 
vasopressin binding was not affected by dehydration. 


Comment 


Ovine fetal renal responsiveness to arginine vaso- 
pressin has been examined in numerous studies.* * * © 
Although the magnitude of the response is limited, 
ovine fetal kidneys respond appropriately to changes in 
plasma arginine vasopressin levels. The relatively lim- 
ited fetal renal concentrating capability has been vari- 
ously attributed to a decreased number of arginine 
vasopressin binding sites,” '° to immaturity of postre- 
ceptor coupling,’ or to a limited ability to form an 
osmotic gradient in the inner medulla of the fetal and 
neonatal kidney.'* In the current study arginine vaso- 
pressin dissociation constant values in the nanomolar 
range and receptor densities of 110 to 150 fmol/mg 
protein are comparable with reported adult rat kidney 
values.” '* Our results demonstrate arginine vasopressin 
binding to ovine renal medullary membranes by 113 
days’ gestation, with binding characteristics not signifi- 
cantly different from adult maternal values. Thus the 
obtunded fetal. renal response is not the result of the 
developmental immaturity of arginine vasopressin re- 
ceptor binding. Species differences between rats and 
rabbits, both altricial species, and the precocious sheep 
fetus may partially explain the earlier maturation of 
ovine arginine vasopressin receptor binding. 

Increased urine osmolality in the absence of a signif 
icant antidiuretic effect has been reported previously."' 
However, arginine vasopressin—induced increases in 
free water reabsorption have been demonstrated in 
fetuses after 130 days’ gestation.’* One explanation 
may be that even though arginine vasopressin increases 
fetal free water reabsorption, associated arginine vaso- 
pressin effects to alter blood pressure or efferent arte- 
riolar tone (increasing glomerular filtration rate and/or 
filtration fraction), combined with a limited potential of 
the fetal kidney to reabsorb sodium, may result in a 
mild osmotic.diuresis, thereby limiting antidiuretic po- 


tential. Our demonstration of the presence of func-. 


tional arginine vasopressin receptors in fetuses as 
young as 113 days’ gestation suggests that limited 


ability to form an osmotic gradient, and not arginine’ 


vasopressin-receptor immaturity, is the primary expla- 
nation for the limited ability of the fetal kidney to form 
a concentrated urine. . 

Adult rat renal V, receptors down-regulate in re- 
sponse to 72 hours of dehydration.* Maternal dehydra- 
tion sufficient to’ increase both maternal and fetal 
plasma osmolalities and arginine vasopressin levels had 
no effect on ovine maternal or fetal renal arginine 
vasopressin receptor binding capacity. In our study 
maternal plasma arginine vasopressin levels signifi- 


cantly increased after 48 hours of dehydration, and fetal | 


levels were nct significantly increased until 72 hours. 


4 
ha 4 ` 


Ovine maternal and fetal renal arginine vasopressin receptors 1721 


Thus it is possible that longer exposure to elevated 
plasma arginine vasopressin levels might cause receptor 
down-regulation. Down-regulation of rat renal recep- 
tors’ occurred in response to a tenfold increase in 
arginine vasopressin levels; however, Steiner and Phil- 
lips note, the rats’ argintne vasopressin values were 
unusually low (0.2 to 2.4 pg/ml after 72 hours of 


dehydration). In addition, these authors did not mea- 
sure daily plasma arginine vasopressin levels. In an- 


other study of the effects of 72 hours of dehydration on 
rat plasma arginine vasopressin levels, '° basal levels (2.8 
pg/ml) were significantly elevated after 24 hours (13.9 - 
pg/ml) and attained levels of 31.3 pg/ml after 72 hours. 
These absolute values and the time course of their 
increase are verv similar to those reported in our study 
for maternal sheep. Thus the difference in renal recep- 
tor response to dehydration was apparently not caused ` 


by differences in plasma arginine vasopréssin concen- 
- trations or time of exposure to the agonist. An alterna- 


tive explanation would be a species difference, with 
sheep being more resistant to dehydration-induced re- 
nal effects. Ovine renal concentrating ability is over 
twofold the capacity of humans.'’ The lack of down- 
regulation of renal arginine vasopressin receptors may 
be advantageous in a species adapted to an arid envi- 
ronment. 

The development of differentially selective arginine 
vasopressin V, and V, receptor agonists and antago- 
nists’? permits the characterization of arginine vaso- 
pressin receptor subtypes on the basis of relative analog 
potency in displacement assays. The pharmacologic 


_profile of maternal renal arginine vasopressin receptors 


(arginine vasopressin = V, agonist desmopressin > > 
V, > >oxytocin) observed in our study indicates a pre- 
dominance of V receptors; both arginine vasopressin 


and Vz agonist desmopressin (a V, agonist) were signif- 


icantly more potent than the selective V, agonist in . 
displacing tritiated arginine vasopressin binding. How- 
ever, the affinity of V, agonist desmopressin was con- 
sistently, though not significantly, less than that of 
arginine vasopressin. Although the Va receptor popu- 
lation predominates in the kidney, V,-specific arginine. 
vasopressin binding sites have been localized autora- 
diographicallv to the rat kidney medulla.’? The differ- 
ence in affinity of arginine vasopressin for V, and Vo 
receptors is slight; Və agonist desmopressin is highly 
selective for Və, and the V, agonist used is highly 
selective for V, receptors. Thus our studies were not 
designed to differentiate the small proportion of V, 
receptors. Future studies in which recently developed 
iodinated V, receptor analogs are used may enable 
determination of the V, receptor proportion and of 
whether changes occur during renal maturation. 

In summary, specific, saturable, single-site tritiated 
arginine vasopressin binding: has been demonstrated in 
ovine maternal and fetal renal medullary membranes 


1722 Kullama et al. 


from 2113 days’ gestation. Pharmacologic profiles in- 
dicate a predominance of Va receptors. Whereas dehy- 
dration-induced increases in plasma arginine vaso- 
pressin levels have been shown to down-regulate argi- 
nine vasopressin receptors in rat kidney,’ neither 
maternal nor fetal ovine renal arginine vasopressin 
receptors down-regulate in response to increases in 
plasma arginine vasopressin levels induced by 72 hours 
of maternal dehydration. 
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Indomethacin-induced urinary flow rate reduction in the 
ovine fetus is associated with reduced free water clearance 
and elevated plasma arginine vasopressin levels 


Martin P.R. Walker, BM, BS, Thomas R. Moore, MD, Cecilia Y. Cheung, PhD, and 


Robert A. Brace, PhD 
San Diego, California 


OBJECTIVE: The purpose of our study was to explore the urinary responses of the ovine fetus to 
indomethacin levels comparabie with those used therapeutically in the human fetus. 

STUDY DESIGN: After a 1-hour control period, chronically catheterized ovine fetuses between 125 and 
139 days of gestation were given an intravenous bolus of indomethacin (0.05 mg/kg estimated fetal 
weight) followed by a 0.0025 mg/kg/min continuous infusion for 5 hours. The experimental group (n = 9) 


was compared with a vehicle-only infusion group (n = 10). 


RESULTS: There was a sustained 55.7% + 9.5% (mean + SEM) decrease in urinary output by 2 hours 
of indomethacin infusion {p < 0.00001, analysis of variance). Urinary osmolality, potassium, and chloride 
concentrations underwent sustained increases during the infusion period (p < 0.005). Free water 
clearance decreased by 67.5% + 12.0% (p < 0.001). Fetal arterial pressure increased only transiently 
(p < 0.05), and increases in venous pressure (p = 0.013) and heart rate {p < 0.0001) were sustained. 
Fetal plasma arginine vasopressin concentration increased during indomethacin infusion (p < 0.05) and 
was correlated with the fall in urinary flow rate and free water clearance (p = 0.002). During vehicle 
infusion no significant changes were observed in any of the variables. 

CONCLUSIONS: Our data indicate that the fetus undergoes antidiuresis when exposed to low levels of 
indomethacin and that the observed antidiuresis is mediated by a decrease in free water clearance. The 
reduction in free water clearance may be mediated by increases in plasma arginine vasopressin 


concentrations. (Av. J Osstet Gynecol 1992;167:1723-31.) 


Key words: Sheep, indomethacin, prostaglandins, uriary flow, free water clearance, venous 


pressure 


Indomethacin reduces human fetal’ and neonatal’ 
urinary output, which in turn results in a reduction in 
amniotic fluid volume in the pregnancies of women 
undergoing indomethacin treatment for preterm labor 
or polyhydramnios.” It has been hypothesized that the 
suppression of vasodilatory renal prostaglandins leads 
to a reduction in renal blood flow, hence a reduction in 
fetal urinary output.* ° However, recent work suggests 
that prostaglandin synthesis inhibition has no effect on 
fetal renal blood flow, and large doses of indomethacin 
(5 mg/kg) have not been demonstrated to lead to a 
reduction in fetal urinary flow in animal models.* We 
recently demonstrated that when given at doses used in 
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the human neonate (0.31 mg/kg), indomethacin leads 
to a rise rather than a fall in fetal urinary production 
and that this rise is positively correlated with an in- 
crease in fetal arterial pressure.’ Further, indomethacin 
administration leads to a rise in fetal arginine vaso- 
pressin concentration,” which was positively correlated 
with the rise in fetal arterial pressure. These findings 
suggest that indomethacin stimulated the release of 
arginine vasopressin, which contributed to the arterial 
pressure rise. Indomethacin also interacts with arginine 
vasopressin at the level of the arginine vasopressin 
receptor to enhance the effect of arginine vasopressin.” 
Thus an elevated plasma arginine vasopressin plus an 
enhanced effect might be the basis for the clinically 
observed fetal oliguria if fetal hypertension were not 
present. 

Because the fetal hypertensive response to indometh- 
acin is dose dependent,’ and because the human fetus 
is exposed to significantly lower indomethacin levels 
than used in previous animal studies,* ’ we hypothe- 
sized the following: When exposed to indomethacin 
levels comparable with those observed in the human 
fetus undergoing treatment for preterm labor (0.05 
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mg/kg), ° the ovine fetus would undergo (1) a rise in 
plasma arginine vasopressin levels in the absence of 
arterial pressure changes, and (2) a fall in urinary 


output that would correlate with the rise in arginine | 


vasopressin. Our study was desigr.ed to test these pos- 
sibilities. 


Material and methods 

Animal preparation and maintenance. Nineteen 
time-dated, near-term pregnant sheep were used in our 
study. Their source, preparation, and maintenance 
have been described previously." Gestational age at the 
time of surgery was 125 + 1 days (mean + SEM). An- 
esthesia was induced by injecting | gm thiopental 
sodium intravenously followed by maintenance inhala- 
tional anesthesia (1% to 2% halothane in oxygen). The 
maternal abdomen was shaved, cleaned, and draped, 
and a laparotomy was performed. Fetal hind limbs were 
extracted through an incision in the uterus, and vascu- 
lar catheters.were placed in the inferior vena cava and 
descending aorta via the femoral vessels. The fetal 
bladder was catheterized through a suprapubic incision. 
Additional catheters were attached to the fetal skin for 


- . sampling amniotic fluid. The hysterotomy and lapa- 


rotomy incisions were closed, and the maternal inferior 
vena cava and descending aorta were catheterized via 
the maternal femoral vessels. All catheters were passed 
subcutaneously through a small incision in the left 
flank. 

During the first 5 postoperative days, intramuscular 
prophylactic antibiotics were given daily to the ewe and 
intraamniotically to the fetus."' To maintain patency, all 
vascular catheters were flushed daily with heparin so- 
dium (100 U/ml). These procedures were approved by 
our institutional review board for the care and use of 
experimental animals. , . 

Experimental protocols. The protocol consisted of a 
1-hour control period followed by a 5-hour infusion of 
indomethacin or vehicle into the fetal inferior vena 
cava. At =>5 days after surgery, a vehicle or indometh- 
acin infusion experiment was performed. We previously 
demonstrated that a dose of 0.5 mg/kg followed by an 
infusion of 0.025 mg/kg/min resulted in stable fetal 
plasma indomethacin levels of 1.55 + 0.31 ug/ml. For 
our present study a dose of 0.05 mg/kg of indomethacin 
followed by an infusion of 0.0025 mg/kg/min was cho- 
sen because it was expected to result in plasma levels 
that would approximate levels of 219 + 13 ng/ml fourid 
by cordoceéntesis in fetuses whose mothers were taking 
indomethacin for preterm labor -prophylaxis.'° Of the 
19 animals used in the study, 10 received vehicle infu- 


sion and 9 indomethacin infusion. No animal received: 


both infusions. The vehicle- consisted of a solution of 
1.1% ethanol and 0.75% sodium bicarbonate in normal 
saline solution; the total infused vohime was 21.8 ml or 


} 
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0.068 ml/min. Data from the vehicle-infused animals 
were reported in our recent study.’ 

Experimental measurements. Fetal arterial pressure, 
venous préssure, amniotic fluid pressure, heart rate, 
and urinary flow rate were continuously recorded on a 
polygraph recorder, and 30-second averages were 
stored on disk with an on-line computer as previously 
described.’ The arterial and venous pressures were 
adjusted to the zero pressure reference for the fetus by 
continuously subtracting amniotic fluid pressure with 
the computer. Urinary flow rate was measured contin- 
uously with a system that returned the urine to the 
amniotic compartment.” 

Samples of fetal and maternal arterial blood (5 ml 
each), fetal urine (3 ml), and amniotic fluid (3 ml) were 


‘taken at 30 and 60 minutes into the control period and | 


every 60 minutes thereafter. Fetal blood was promptly 
replaced with an equal volume of heparinized maternal 
blood collected immediately before the study. Fetal 
blood was sampled for the measurement of pH, Pcog, 
Pos (Instrument Laboratory System 1306 pH/blood gas 
analyzer, Lexington, Mass., at 39.5° C), microhemat- 
ocrit in triplicate, osmolality (Advanced Digimatic Os- 
mometer 3D2, Needham Heights, Mass.), plasma pro- 
tein concentration (TS meter, American Optical, Buf- 
falo, N.Y.), atrial natriuretic factor (ANF), arginine 
vasopressin, and Nat, K*, and Cl” concentrations 
(NOVA 5 Electrolyte Analyzer, Newton, Mass.). Fetal 
renal prostaglandin activity was not measured. We de- 
rived the changes in fetal blood volume relative to 
control by using the hematocrit as previously de- 
scribed.’ Maternal blood, fetal urine, and amniotic 
fluid were assayed for osmolality and:electrolytes. 
Radioimmunoassay. Fetal plasma ANF and arginine’ 
vasopressin were extracted with C,, microcolumns 


_ (Sep-Pak, Waters Associates, Milford, Mass.). Arginine 


vasopressin concentrations were measured as previously 
described” by using a double-antibody radioimmunoas- 
say with antiserum provided by Dr. Ben U (University of 
California, San Diego) and tracer (New England Nu- 
clear, Boston). Extraction recovery averaged 75.8%, and 
sensitivity was 0.28 pg/tube. The intraassay and interas- 
say coefficients of variation were 6.0% and 16.9%, respec- 
tively. Fetal plasma ANF was measured by radioimmu- 
noassay using rabbit anti-human atrial natriuretic factor 
antiserum raised against ANF, og and an iodine 125— 
labeled—human atrial natriuretic factor tracer (Penin- 


` sular Laboratories, Belmont, Calif.). Extraction recov- 


ery averaged 60.3%, and sensitivity was 3.2 pg/tube. The 
intraassay and interassay coefficients of variation were 
3.9% and 13.4%, respectively. Reported values have 
been corrected for the percentage extraction recovery. 

After completion of experimentation, the animals 
were killed with a pentobarbital sodium euthanasia 
solution (100 mg/kg), and fetuses Were towel dried and 
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weighed. We assumed a 3% fetal weight gain per day’® 
so that fetal weights at the time of experimentation 
could be compared. 

Statistical analysis. The experimental data were di- 
vided into two groups, with each group receiving either 
indomethacin or vehicle infusion. The data are ex- 
pressed as mean + SEM and are plotted as either a 
change from the mean value during the preinfusion 
period or as a percentage of the mean preinfusion 
value. ‘The continuously collected data were converted 


from 30-second averages to 10-minute averages for the ` 


purpose of analysis and presentation. We took preinfu- 
sion values as the mean value during the 60-minute 
period before either indomethacin or vehicle infusion. 
The preinfusion means were analyzed for statistical 
differences between the two treatment groups with a 
group # test. Significant differences in the response to 
the indomethacin versus vehicle infusion were assessed 
by using two- and three-way parametric and nonpara- 
metric analysis of variance, with time, animal, and 
treatment being the factors. A p value <0.05 was 
accepted as statistically significant. Fetal plasma ANF, 
arginine vasopressin, and other values were log-trans- 
formed before analysis to correct for the marked in- 
creases in variance during the infusion when compared 
with the control period. A multivariate regression anal- 


ysis was performed on data representing the change ` 


from preinfusion levels during the last 2 hours of the 
infusion period to determine the major factors associ- 
ated with the changes in urinary flow rate and free 
water clearance.'’ This time period was chosen to in- 
clude data from a steady-state period. 


Results | 


Mean gestational age and fetal weight at experimen- 
tation were 131 + 1] days and 3.01 + 0.23 kg for vehi- 
cle-infused animals and 128 + 1 days and 2.76 + 0.34 
kg for indomethacin-infused animals. Preinfusion val- 
ues are shown in Table I. There were no significant 
differences other than gestational age between vehicle- 
and indomethacin-infused animals during the preinfu- 
sion period. During vehicle infusion we observed no 
statistically significant changes in any of the variables 
measured. 

Urinary flow and composition. During indometha- 
cin infusion there was a 55.3% + 9.5% (mean + SEM) 
decrease in urinary output by 1 hour and 20 minutes 
(p < 0.00001, analysis of variance, Fig. 1), and this 
reduction was sustained for the remainder of the infu- 
sion period. Urinary osmolality increased by an average 
of 70 mOsm/kg (49.7% + 27.4%) by 3 hours of infusion 
and remained elevated throughout the experiment 
(p = 0.0003, Fig. 2). Urinary sodium concentration 
increased by an average of 32.4% + 18.3% by 3 hours 
but failed to reach significance (p = 0.088, Fig. 2). 
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Table I. Fetal values during the 
preinfusion period 






Units 
(mean + SEM; 
Variable 






_ Arterial pressure (mm Hg) 45.9 + 11 
Venous pressure (mm Hg) 3.6 + 0.4 
Heart rate (beats/min) 169+3 . 
Hematocrit (%) 34.6 + 1.0 

` Plasma protein concentration 3.7 + 0.1 

(gm/dl) 

Arterial pH 7.520 +,0.008 

Arterial Pog (mm Hg) 22.5 + 0.7 

Arterial Pcog (mm Hg) 54.8 + 0.5 

Urinary flow rate (ml/min/kg) 0.16 + 0.02 

Urinary osmolality (mOsm/kg) 151 +6 

Urinary sodium concentration 34.1 + 3.3 
(mEq/L) 

Urinary chloride concentration 32.2 + 2.6 
(mEq/L) 

Urinary potassium concentration 771+ 16 
(mEq/L) 

Plasma ANF concentration 188 +18 (n= .7) 
(pg/ml). 


Plasma arginine vasopressin 


3.3403 (n= .7) 
concentration (pg/ml) 


Urinary chloride concentration increased by an average . 
of 24.5% + 10.8% by 2 hours of infusion (p = 0.06, 
Fig. 2), and urinary potassium concentration increased 
by an average of 103% + 74% by 3 hours of infusion 
(p = 0.004, Fig. 2). These increases were susta.ned 
throughout the infusion period. Total osmolar, sod.um, 
and chloride excretions decreased by 41.6% + 129%, 
47.0% = 11.1% and 44.9% + 12.7% during the final 4 
hours of indomethacin infusion (p = 0.066, p = 0.20, 
and p = 0.025, respectively, compared with vehicle in- 
fusion). Free water clearance’ decreased by 67.5% + 
12.0% from 2 to 5 hours (p < 0.001, Fig. 3). 

ANF and arginine vasopressin. Plasma ANF cor.cen- 
trations increased by an average of 76 + 34 pg/ml at'l 
hour of infusion from a control level of 188 + 18 gg/ml 
and remained elevated throughout the remainder of 
the experiment (p = 0.036, Fig. 4). 

Plasma arginine vasopressin concentrations increased - 
I hour after the start of the indomethacin infusior. and 
were elevated throughout the remainder of the exper- 
iment (p = 0.023, Fig. 4). The maximal arginine vaso- 
pressin response was between 3 and 5 hours of infusion 
when arginine vasopressin ‘increased by an averaze of 
199% + 140% (5.4 + 3.6 pg/ml) over control valves of 


= 3.3 + 0.3 pg/ml. . 


Hemodynamics. Fetal arterial pressure increased im- 
mediately after the bolus by 7.2% + 1.9% {p < C.001, 
Fig. 5), then decreased to control levels throughout the 
remainder of the infusion period. Fetal venous pressure 
increased by an average of 0.8 + 0.5:mm Hg from 1 
hour and 40 minutes of infusion until the conclusion of 
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Fig. 1. Fetal urinary flow rate response to indomethacin infusion (solid circle, n = 9) or vehicle 
infusion (open circle, n = 10). Data are mean + SEM change from average value during |-hour 
preinfusion period. Indomethacin or vehicle starts at time 0. Difference between groups: 


p < 0.00001. 
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Fig. 2. Fetal urinary osmolality (osmol), sodium and chloride concentration responses to indometh- 
acin (soiid circle, n = 9) or vehicle infusion (open circle, n = 10). Data are mean + SEM change from 
average value during l-hour preinfusion period. Indomethacin or vehicle starts at time 0. p values 
represent differences between groups. 
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Fig. 3. Fetal free water clearance with indomethacin infusion (solid circle, n = 9) compared with 
vehicle infusion (open circle, n = 10). Data are mean + SEM percentage change from average value 
during 1-hour preinfusion period. Indomethacin or vehicle starts at time 0. Difference between 
groups: p < 0.001. 
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Fig. 4. Changes from preinfusion concentrations in fetal plasma ANF and arginine vasopressin 
concentrations with indomethacin infusion (solid circle, n = 8) compared to vehicle infusion (open circle, 
n = 9). Data are mean + SEM. Indomethacin infusion starts at time 0. p values represent differences 
between groups. . 
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Fig. 5. Fetal arterial and venous pressures, and fetal heart rate response to indomethacin (solid circle, 
n = 9) or vehicle infusion (open circle, n = 10), Data are mean + SEM change from preinfusion 
values. Indomethacin cr vehicle starts at hour 0. p values represent differences between groups. 


` the experiment (p = 0.0013, Fig. 5). Fetal heart rate’ 


increased abruptly at 20 minutes of infusion by 
5.6% + 3.0%. Heart rate fell back to contro] levels at 2 
hours and 40 minutes, then gradually increased by a 
maximum of 10.6% + 4.7% by tke conclusion of the 
experiment (p < 0.0001, Fig. 5). Fetal blood volume 
and plasma protein concentration did not change dur- 
ing the infusion, =” l eo 
Blood gases, osmolality, and ‘electrolytes. Fetal 
blood pH, Pog, and Pco, did not change during either 
infusion. There were no changes in fetal or maternal 
osmolality, or in plasma or amniotic fluid ‘electro- 
lytes. Amniotic fluid osmolality increased gradually dur- 
ing the indomethacin infusion by 6.7% + 3.1% (p = 
0.0055). Maternal blood gases showed no change over 
control values. | l 
Multivariate analysis. Multivariate analysis was per- 
formed on average values during the last 2 hours of 
infusion for the combined indomethacin and vehicle 
infused animals. The rises in arginine vasopressin and 
ANF concentrations were not associated statistically 
with any change in fetal hemodynamic variables, fetal 


Pog, .or pH. Fetal urinary flow rate (r =, —0.64, 


$ = 0.006) and free water clearance (r= —0.69, 


p = 0.002) reductions were weakly negatively corre- 
lated with the rise in plasma arginine vasopressin. Thus 
48% of the observed fall in free water clearance was 
associated with the increase in arginine vasopressin. 
Fetal plasma ANF concentration increases were weakly 
but significantly associated with the increases in urinary 
sodium concentration (r = 0.59, p = 0.01). 


Comment 


Indomethacin is used clinically in the treatment of 


_ polyhydramnios in pregnant women on the basis of the 


clinical observation of fetal oliguria after administration 
of the indomethacin.’ Although the mechanism of in- 
domethacin’s action has been considered to be a reduc- 
tion in renal blood flow with a subsequent fall in E 
glomerular filtration rate caused by a fall in vasodilatory 
renal prostaglandins,” studies in animal models. have 
failed to consistently demonstrate a reduction in fetal 
renal blood flow? or glomerular filtration rate* in re- 


. sponse to prostaglandin synthesis inhibition. Because 


indomethacin elevates circulating arginine vasopressin 
levels in the fetus’ and may facilitate the action of 
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arginine vasopressin on the collecting duct,” an alter- 
native mechanism is that the indomethacin-induced 
antidiuresis may be mediated by. arginine vasopressin. 
This possibility is supported by our study: indometha- 
cin infusion into the ovine fetus at doses similar to those 
seen in the human fetus’? led to a fall in free water 
clearance associated with a rise in plasma arginine 
vasopressin concentrations. 

Renal and arginine vasopressin effects. Oliguria in 
the human fetus and neonate undergoing indometha- 
cin treatment has been repeatedly demonstrated'”; 
however, animal models have failed to demonstrate a 
decrease in fetal urinary flow rate at doses of indometh- 
acin from 0.5 mg/kg to 5 mg/kg.* ” In contrast, indo- 


methacin administration at low doses in our current _ 


study resulted in a fall in urinary flow rate and free 
water clearance. We have previously demonstrated that 
the ovine fetus responded to a 0.5 mg/kg indomethacin 
bolus plus maintenance infusion, with an increase in 
urinary output and an increase in systemic arterial 
pressure.’ In contrast, using a tenfold higher dose of 
indomethacin, Matson et al. found no change in urinary 
flow rate, although there was an increase in renal 
vascular resistance and a fall in renal blood flow.* 
Collectively these results suggest that there is a dose- 
and arterial pressure-dependent effect of indomethacin 
on urinary flow rate, with a dose of 0.05 mg/kg resulting 
in a decrease, 0.5 mg/kg resulting in an increase,’ and 
5 mg/kg producing no change in urinary flow rate.* 
At the levels of indomethacin to which the human 
fetus is exposed in utero, no change in fetal renal blood 
flow would be expected’; we have demonstrated that 
higher doses of indomethacin do not result in a reduc- 
tion in urinary flow rate. In support of this concept 
Arnold-Aldea et al. examined the effect of meclofe- 
namate at 6 mg/kg fetal weight on fetal renal blood flow 
and found no significant effect on fetal renal blood flow 
or arterial pressure. They concluded that indomethacin 
may exert its effects on urinary flow in the fetus via 


mechanisms other than prostaglandin synthesis inhibi- ` 


tion. The reduction in free water clearance observed in 
our study, associated with reductions in osmolar, so- 
dium, and chloride excretions, suggests that water re- 
sorption was enhanced consistent with an arginine va- 
sopressin effect. The increase in amniotic fluid osmola- 
lity observed in our study is also consistent with a fall in 
free water excretion into the amniotic cavity. 

We have demonstrated that plasma arginine vaso- 
pressin concentrations increase significantly in response 
to a bolus of 0.05 mg/kg of indomethacin followed by a 
continuous infusion. We have previously demonstrated 
in the ovine fetus that arginine vasopressin increases 
significantly by a maximum of 17 pg/ml in response to 
a 0.5 mg/kg bolus of indomethacin followed by a con- 
tinuous infusion.” This increase was positively corre- 
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lated with an observed increase in fetal arterial blood 
pressure consistent with a causal relationship. In our 
study the rise in arginine vasopressin was again noted’ 
despite the absence of a sustained elevation in arterial 
pressure. The lack of an arterial pressure response may 
be ‘caused in part by the reduced magnitude of the 
arginine vasopressin response with the lower dose of 
indomethacin. . 

The plasma concentration of arginine vasopressin 
has not been previously demonstrated to be consistently 
affected by indomethacin"; however, prostaglandins 
may be involved in the central control of arginine 
vasopressin release. Inoue et al.*° have demonstrated ` 
that the carbachol-induced stimulation of arginine va-. 
sopressin release in the rat brain was blocked by both 
meclofenamate and indomethacin at a dose of 100 yg. 
In addition, Fyda et al.” demonstrated that the hyper- 
thermic effect of prostaglandin E, in the rat brain was 
blocked by an arginine vasopressin V1 receptor antag- 
onist. These studies suggest that prostaglandins inter- 
act with the release and central effects of arginine 
vasopressin. Seyberth et al.” noted a transitory eleva- 
tion in plasma arginine vasopressin in infants given 
indomethacin for patent ductus arteriosus. This eleva- 
tion was ascribed to the removal of tonic inhibition of 
arginine vasopressin release as the ductus closes. This 
mechanism would not explain our findings because 
closure of the ductus would lead to an increase in atrial 
pressures and thus an inhibition of arginine vasopressin 
release. Our results do not support the hypothesis that 
prostaglandin synthesis blockade suppresses arginine 
vasopressin release but are consistent with the concept 
that prostaglandins may play a modulating role in the 
control of arginine vasopressin release in that the inhi- 
bition of prostaglandin synthesis may allow increased 
arginine vasopressin release. | 
_ In addition to increasing the plasma concentration of 
arginine vasopressin, there is evidence that prostaglan- 
dins and prostaglandin synthesis blockade also affects 
the peripheral effects of arginine vasopressin. Lee et 
al." demonstrated that the arginine vasopressin—in- 
duced vasoconstriction of rat coronary arteries was 
mediated by prostaglandin I, and that this effect could 
be blocked by both indomethacin and a prostaglandin 
receptor antagonist. In contrast, Walker et al.” demon- 
strated that meclofenamate at doses of 3 mg/kg en- 
hanced the. pressor response to arginine vasopressin in 
the rat and that pretreatment of the rat with meclofe- 
namate significantly: reduced renal blood flow when 
arginine vasopressin was administered, whereas no ef- 
fect was demonstrated with either arginine vasopressin 
or meclofenamate alone; this suggested a potentiating 
effect of prostaglandins on arginine vasopressin action. 
Can” demonstrated a dose-dependent increase in pros- 
taglandin production by kidney homogenates in re- 
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sponse to arginine vasopressin, oxytocin, and ANF. Can 
demonstrated that the antidiuretic effect of oxytocin in 
the anesthetized rat was enhanced by naproxen sodium 
and the natriuretic response was attenuated, suggesting 
that the effect of these peptides 1s modulated by pros- 
taglandins and that prostaglandin synthesis inhibition 
enhanced their activity. Albrightson-Winslow et al.’ 
demonstrated that the antidiuretic effect of an arginine 
vasopressin agonist in the hydrated dog was enhanced 
by an 80% inhibition of urinary prostaglandin activity 
with a 2 mg/kg indomethacin bolus followed by a 
3 mg/kg/hr infusion. Collectively these studies suggest a 
role in vivo for prostaglandins as inhibitors of arginine 
vasopressin effect on the kidney and a possible arginine 
vasopressin—enhancing effect of prostaglandin synthesis 
inhibitors. 

In support of the studies by Aibrightson-Winslow et 
al.“ and Walker et al.** the arginine vasopressin V2 
receptor-mediated production of cyclic adenosine 
monophosphate (the mechanism by which arginine va- 
sopressin induces collecting duct permeability to water) 
is suppressed by prostaglandin F,.”° Prostaglandin Es 
itself is, however, produced in the kidney in response to 
both arginine vasopressin (through the V1 receptor, 
usually considered the mediatcr of arginine vaso- 
pressin’s vasoconstrictor response)” and oxytocin, sug- 
gesting a self-regulating, negative-feedback role for 
prostaglandins in the response of the collecting duct to 
arginine vasopressin. Together, these studies and our 
current study suggest that indomethacin may increase 
both the release and the peripheral actions of arginine 
vasopressin via central and local prostaglandin synthe- 
sis inhibition. The results from our present study sup- 
port the theory that arginine vasopressin release is 
stimulated by indomethacin in the ovine fetus and are 
consistent with the concept that the antidiuretic activity 
of arginine vasopressin on the fetal kidney is enhanced 
by indomethacin. 

ANF response. ANF is present in high concentra- 
tions in fetal plasma” and is thought to play a role in 
regulating circulating blood volume.” Our present 
study demonstrates that a dose of 0.05 mg/kg of indo- 
methacin also results in a rise in ovine fetal ANF levels. 
These changes in ANF may be explained in part by 
ductal constriction (not monitored in our study), which 
has been demonstrated in human fetuses exposed to 
maternal indomethacin treatment” * This possibility 
is supported by the elevation in venous pressure ob- 
served in this study. We have previously demonstrated 
that ovine fetal plasma ANF concentrations increase by 
160 to 200 pg/ml in response to a bolus of 0.5 mg/kg 
plus maintenance infusion of indomethacin. This rise in 
ANF was positively correlated with the observed in- 
crease in fetal arterial blood pressure, but not venous 
pressure or blood volume.* Apparently the magnitude 
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of the elevation in fetal plasma ANF seen in our present 
study is not sufficient to provoke a diuretic response in 
an otherwise healthy fetus when arginine vasopressin is 
elevated. 

Hemodynamic effects. The hemodynamic effects ob- 
served in response to a 0.05 mg/kg indomethacin bolus 
followed by a continuous infusion were a transient 
increase in fetal arterial pressure, a sustained increase 
in fetal venous pressure, and a sustained fetal tachycar- 
dia. We previously demonstrated that the ovine fetus 
responds to a dose of indomethacin 10 times higher 
(0.5 mg/kg) with a sustained increase in arterial and 
venous pressure and a fetal tachycardia.’ Other authors, 
using 20 to 350 times the dose of indomethacin as in 
our current study, have demonstrated somewhat differ- 
ent responses, although all found an increase in fetal 
arterial pressure.* **°* Collectively the data suggest that 
indomethacin causes dose-dependent systemic vasocon- 
striction when given in high doses. Our initial pressure 
rise may have been a bolus effect, and subsequent 
indomethacin levels may not have been sufficient to 
cause arterial vasoconstriction, although venoconstric- 
tion is consistent with our results. 

The tachycardia that we observed is consistent with 
previous studies by ourselves and others®*” ** *° and is 
consistent with the concept that indomethacin produces 
a central stimulatory effect on fetal heart rate in the 
same way that it has been demonstrated to increase 
fetal breathing activity.” The increase in heart rate is 
unlikely to be the result of a direct action of arginine 
vasopressin because arginine vasopressin has been 
shown to decrease fetal heart rate in a dose-dependent 
manner.” 

In summary, indomethacin given to the ovine fetus at 
doses of 0.05 mg/kg results in a sustained fall in fetal 
free water clearance and fetal urinary output. Indo- 
methacin infusion at these doses also results in an 
increase in circulating fetal plasma arginine vasopressin 
concentrations. Hemodynamic effects are a small tran- 
sient increase in fetal arterial pressure and a sustained 
but small rise in fetal venous pressure and heart rate. 
We speculate that mdomethacin stimulates the release 
of arginine vasopressin in the ovine fetus and may 
potentiate the action of arginine vasopressin on the 
collecting duct of the fetal kidney. We speculate that it 
is this action of arginine vasopressin rather than an 
effect of indomethacin on renal blood flow or glomer- 
ular filtration rate that results in fetal oliguria. 


We thank Tami Tetzke for her technical assistance. 
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Amniotic fluid composition changes during urine drainage 
and tracheoesophageal occlusion in fetal sheep 


Pong Rheem Jang, MD, PhD, and Robert A. Brace, PhD 


San Diego, California 


OBJECTIVE: Recently an intramembranous pathway was reported in the ovine fetus as a route for the 
rapid exchange of water, ions, and molecules between the amniotic fluid and the fetal blood that perfuses 
the fetal surface of the placenta and the fetal membranes. Our study was designed to test the hypothesis 
that the amniotic fluid composition weuld gradually equilibrate with fetal plasma when the major flows to 


and from the amniotic compartment were eliminated. 


STUDY DESIGN: Eleven near-term fetal sheep underwent ligation of the urachus to eliminate the allantoic 
fluid. An inflatable cuff was placed arcund the esophagus and trachea, and catheters were placed in the 
fetal urinary bladder, fetal circulation, and maternal circulation. At =5 days after surgery the animals were 
subjected to either a control experiment or a continuous urine drainage plus tracheoesophageal 


occlusion for 8 hours. 


RESULTS: During the urine drainage plus occlusion study, amniotic fluid osmolality (o < 0.0001), Na* 
(p < 0.0001), K* (p < 0.01) Cl” (p < 0.001), and lactate (p < 0.001) increased compared with the 
control experiment. These corresponded to 50% reductions in the gradients for osmolality and Na* 
between fetal plasma and amniotic fluid; the K* gradient increased, and the CI- gradient reversed. The 
percentage increases in amniotic Na*, K*, Cl”, and lactate were all 10% at 8 hours. 

CONCLUSION: These observations suggest that water is absorbed from the amniotic fluid through the 
intramembranous pathway into the fetal circulation at a rate of 1.25% of the total amniotic volume per 
hour or approximately 240 mi/day. (Av J Osstet Gyneco 1992;167:1732-41.) 


. Key words: Amniotic fluid volume, intramembranous pathway, Hipgnegesepnaged: occlusion, 


urachus, fluid balance, fetus, sheep 


Several studies have suggested that there may be a 
rapid exchange of water, ions, and molecules between 
the amniotic fluid and the fetal blood that is indepen- 
denton fetal swallowing or urination.'* This exchange 
may occur across the fetal surface of the placenta. In 
addition, in sheep the exchange may occur within the 
membranes as the chorion and amnion are vascularized 
and perfused with fetal blood.* We refer to this pathway 


for direct exchange between fetal blood and amniotic. 
fluid as the intramembranous pathway.** Our previous . 


studies showed that a significant volume of amniotic 
water was absorbed through the intramembranous 
pathway into the fetal circulation after infusion of dis- 
tilled water into the amniotic space.” Further, ligation of 
the fetal esophagus resulted in an increase in conduc- 
tance of the intramembranous pathway.’ Similarly, liga- 
tion of the fetal esophagus did not reduce the uptake of 
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arginine vasopressin into the fetal circulation after in- 
jection into the amniotic sac.’ These observations raise 
the possibility that the intramembranous pathway may 
play a primary role in the determination of the volume 
and composition of the amniotic fluid under normal 
conditions. . 

If the intramembranous pathway is physiologically 
important, the amniotic fluid composition may gradu- 
ally equilibrate with fetal plasma when the other major 
flows to and from the amniotic compartment, i.e., urine 
flow, fetal swallowing, and perhaps lung secretion, are 
eliminated. Our study was designed to test this hypoth- 
esis in the near-term fetal sheep. The urachus was 
ligated to eliminate the allantoic fluid,* and an inflat- 


- able cuff was placed around the esophagus and the 


trachea. 


Material and methods 

Animal preparation. For our studies 11 ttme-dated 
pregnant sheep (Nebeker Ranch, Lancaster, Calif.) at 
125 + 1 (mean + SEM) days’ gestation at the time of 
surgery were used. The detailed surgical procedures are 
described elsewhere.°* The animals were anesthetized ` 
with intravenous sodium pentobarbital. Anesthesia was 
maintained with halothane (0.5% to 2%) in oxygen. With 
aseptic techniques, a midline incision was made in the 
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abdominal wall. The uterus was incised and the fetal hind 
limbs were brought out through this incision in an area of 
the amniochorion remote from the allantois. Bilateral 
femoral arterial and venous catheters were placed and 
advanced to the level of the diaphragm. A suprapubic 


bladder catheter was placed through a lower abdominal’ 


incision. Amniotic fluid catheters were sutured to the 
surface of each hind leg and to the abdomen. The ura- 
chus was ligated twice with silk suture at the base of the 
umbilical cord and transected. The fetus was returned to 
_ the uterus, and the fetal membranes were ligated around 
the catheters twice to prevent leakage of amniotic fluid. 
The uterus was closed in a watertight manner with a 
continuous suture. A second uterine incision through the 
amniochorion was made over the fetal neck, and an in- 
flatable silicone elastomer cuff (In Vivo Metrics, Healds- 
burg, Calif.) was placed around the esophagus and tra- 
chea. After suturing the two ends of the cuff together, 
saline solution was injected into the cuff to determine the 
volume required to achieve complete occlusion (usually 1 
to 2 ml), and the saline solution was removed.so the 
esophagus and trachea were not obstructed. The outer 
wall of the cuff was sufficiently stiff so that, with deflation, 
the cuff lumen was patent. The neck incision, the mem- 
branes, and the uterine incision were closed in a water- 
tight manner. Maternal femoral arterial and venous 
catheters were placed and advanced to the level of the 
‘diaphragm. All catheters were tunneled subcutaneously 
into a pouch sewn to the flank of the ewe. Fluids were 
administered intravenously to the ewe during surgery 
(1 L lactated Ringer’s solution with 5% dextrose) and 
2 hours postoperative (1 L lactated Ringer’s solution). 
To replace any amniotic fluid lost during surgery, 500 ml 
of lactated Ringer’s solution was infused into the amni- 
otic sac after surgery. The vascular catheters were 
. flushed daily with heparin sodium (100 U/ml for fetal 
and 1000 U/ml for maternal catheters). Antibiotics were 
given daily into the amniotic cavity (600 mg piperacillin 
sodium) and intramuscularly to the mother (600,000 U 
penicillin and 750 mg dihydrostreptomycin) for 5 post- 
operative days. 7 
Experimental measurements. Experiments were be- 
gun 25 days after surgery. The ewe had access to food 
and water during the experiments. During the control 
study, fetal arterial blood (1.5 ml), maternal arterial 
blood (1.0 ml), amniotic fluid (1.0 ml), and fetal urine 
(1.0 ml) were sampled hourly for 9 hours. All samples 
were analyzed for Na*, K*, and- Cl” (Nova model 
5 + 5, Waltham, Mass.), osmolality (freezing point de- 
pression, Advanced Instruments), glucose, and lactate 
(YSI- model 2309) concentrations. In addition, fetal 
blood was analyzed for blood gases and pH (IL model 
1302), plasma protein concentration (American Optical, 
TS meter, Instrumentation Laboratory, Lexington, 
Mass.), and hematocrit in triplicate. During the experi- 
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ment fetal urine was collected by gravity drainage and 
the volume determined. Urine drainage was accom- 
plished by positioning the external tip of the bladder 
catheter so that pressure within the bladder was 5 to 10- 
mm Hg below amniotic fluid pressure, allowing the urine 
to drain continuously and keep the bladder empty at all 
times so no urine could enter the amniotic space. For the - 
control study the urine was infused into the amniotic 
cavity at 20-minute intervals. For the urine drainage 
study, fetal urine was not returned to the animal and the 
tracheoesophageal cuff was occluded for 8 hours after 
the initial sample. To produce occlusion, we infused into 
the cuff a volume of saline solution equal to the volume 
determined at the time of implantation plus 0.5 ml. The 
control and urine drainage studies were assigned ran- 
domly, with 48 hours between experiments. Osmolalities 
were not measured in one control and one drainage 
experiment because of equipment failure. 

Amniotic fluid volume was determined in 5 of 11 
animals by using indicator dilution techniques similar 
to those previously described.” Volume was determined 
224 hours after the above experiments and ranged 
from 440 to 1102 ml (864 + 103 ml, mean + SEM). 
Because this volume is similar to the mean of 808 ml we 
previously determined,® we assumed a mean amniotic 
volume of 800 ml in all animals to estimate the rate of 
fluid loss from the amniotic compartment as described 
below. | 

At the end of the experiments the animals were killed 
with sodium pentobarbital (100 mg/kg), an autopsy was 
performed on each fetus, and fetal weight was recorded. 
A blue dye was injected into the amniotic fluid before 
autopsy, and the amount of allantoic fluid was deter- 
mined by direct collection of the fluids containing no 
dye. | : 

Data presentation and statistical analysis. The data 
were divided into a control group and a urine drainage 
plus tracheoesophageal occlusion group and are pre- 
sented as the mean + SEM. A t test was used to com- 
pare mean values in the two groups during the initial 
l-hour control period. Changes with time in a single 
variable were analyzed for statistical significance by 
using a two-factor analysis of variance, with time and 
animal being the two factors. To determine whether the 
changes were significantly different in the control ver- 
sus drainage experiments, a three-factor analysis of 
variance was used, with time, treatment, and animal 
being the factors. The changes in amniotic osmolality 
and electrolyte concentrations in response to urine 
drainage plus tracheoesophageal occlusion were further 
analyzed in three ways: (1) as changes in their gradients 
between fetal blood and amniotic fluid, (2) as the 
percentage change relative to the predrainage value, 
and (3) as the percentage change in osmolality relative 
to the percentage change in electrolyte concentration. 
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Table I. Values for osmolality, electrolyte, and carbohydrate concentrations before urine drainage plus 


tracheoesophageal occlusion 


Osmolality (mOsm/kg) 266.6 + 3.0 
Na* (mEQ/L) 117.8 + 1.4 
K* (mEQ/L) - 5.1 + 0.5 
C17 (mEQ/L) 101.6 + 2.0 
Lactate (mEQ/L) 2.64 + 0.37 
Glucose (mmol/L) 0.31 + 0.07 


N = 10 for osmolalities; all others, n = 11. 


Table IE. Values in 11 fetuses before 
urine drainage plus 
tracheoesophageal occlusion 


Variable | Mean + SEM 


Gestation age (days) 132 + 1 
Urine flow rate (ml/min) 0.64 + 0.07 
pH 7.31 + 0.01 
Peco (mm Hg) 57.2 & 11 
Po, (mm Hg) 21.7 + 13 
Hematocrit (%) 33.2 + 0.9 
Weight (kg)* 3.5 + 0.1 


*Weight at autopsy. 


The third method is advantageous in that it reduces 
interanimal variability and provides insight into the 
composition of the fluid leaving the amniotic compart- 
ment. For the third method we analyzed data only from 
the last 3 hours of the drainage study because the ratio 
of percentage changes at earlier times had large vari- 
ances resulting from the small and inconsistent changes 
early in the drainage experiment. Statistical significance 
was accepted at p = 0.05, and changes referred to as 
significant are at this level unless specified otherwise. 


Results 


Mean values before urine drainage plus tracheo- 
esophageal occlusion are shown in Tables I and II. 
None of these values was significantly different from the 
initial values in the animals subjected to the control 
experiment. Further, during the control study no sig- 
nificant changes occurred with time in any variable 
except for a small decrease (0.29 + 0.08 mEq/L) in 
fetal plasma K* concentration. 

Urine and amniotic fluid. During the urine drainage 
plus tracheoesophageal occlusion study, urine volume 
and composition underwent no significant changes with 
time. Renal free water clearance did not change with 
time, averaging 0.342 + 0.057 ml/min during the 
8-hour urine drainage plus tracheoesophageal oc- 
clusion. 


Amniotic fluid Fetal urine Fetal plasma 
(mean + SEM) (mean + SEM) (mean + SEM) 


Maternal plasma 
(mean + SEM) 
133.4 + 5.9 298.2 + 1.5 300.3 + 1.3 
43.2 + 3.0 138.6 + 0.7 144.9 + 0.5 
3.4 + 0.5 4.2 + 0.1 43+ 0.1 
33.1 + 2.8 107.1 + 1.0 113.6 + 0.5 
0.19 + 0.08 1.28 + 0.30 0.65 + 0.12 
0.05 + 0.02 0.95 + 0.07 2.86 + 0.08 


Amniotic osmolality increased significantly compared 
with both the initial value before drainage and the 
control study (p < 0.0001 comparing two groups, anal- 
ysis of variance, Fig. 1). Amniotic fluid Na* 
(p < 0.0001), K* (p < 0.01), and Cl” (p < 0.0001) 
also increased significantly compared with the control 
study (Fig. 2), as did amniotic lactate (p < 0.01). Over 
the 8-hour drainage period these changes in osmolality 
and concentrations corresponded to 50% reductions in 
the gradients between fetal plasma and amniotic fluid 
osmolality and Na* (Fig. 3). Simultaneously, the K* 
gradient increased and the Cl” gradient reversed (Fig. 
4). These are all significantly different from the un- 
changed gradients during the control study. 

On a percentage basis amniotic osmolality increased 
by 7.5% + 1.3% (Fig. 5) during the 8-hour drainage 
period, and amniotic Na*, K*, Cl”, and lactate con- 
centration increased by 10% (10.1% + 1.9%, 11.1% + 
3.1%, 9.9% + 2.2%, 12.9% + 7.5%, respectively, at 8 
hours). These changes were not statistically different. 
During the last 3 hours of the drainage, the percent 
change in osmolality divided by the percent change in 
electrolyte concentration was 0.818 + 0.056, 0.784 + 
0.088, and 0.484 + 0.130 for Na*, Cl” and lactate, 
respectively. Each of these numbers are significantly 
different from unity but are not different from each 
other. 

Fetal and maternal blood. Although significant in- 
creases occurred during the 8-hour drainage plus oc- 
clusion in fetal (4.4 + 1.5 mOsm/kg) and maternal 
(2.8 + 1.4 mOsm/kg) plasma osmolalities when com- 
pared with predrainage values (Fig. 6), only the changes 
in fetal osmolality were significant when compared with 
the control study (p = 0.03, analysis of variance inter- 
action). Maternal plasma electrolytes showed no 
changes with time. Fetal plasma blood gases, pH, he- 
matocrit, and plasma protein concentration underwent 
no changes with time. Fetal plasma Na” and Cl” 
increased compared with predrainage values, but these 
were of marginal significance compared with the con- 
trol study (Fig. 7). 

Allantoic fluid. In 9 of 1] animals no allantoic fluid 
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Fig. 1. Changes (mean + SEM) from control values in amniotic fluid osmolality during urine 
drainage plus tracheoesophageal occlusion. p Value represents significance between treatments. 
Urine drainage plus tracheoesophageal occlusion was initiated time at time 0. 


was found at autopsy. In the remaining two animals 
<5 ml of allantoic fluid was found. In no animal was the 
blue dye that was injected into the amniotic cavity just 
before autopsy found within the allantoic membrane. 


Comment 


Our purpose was to determine whether amniotic fluid 
composition would gradually equilibrate with fetal 
plasma when the major flows to and from the amniotic 
compartment were eliminated. To do this the entry of 
fetal urine and lung fluid into the amniotic space and 
fetal swallowing were prevented. In addition, allantoic 
fluid was not present. Under these conditions, if amni- 
otic composition changes with time the changes are 
caused by either intramembranous exchange with fetal 
blood or transmembranous exchange with maternal 
blood within the wall of the uterus. Although there have 
been speculations that the transmembranous flow may 
be large,” '° our previous studies have repeatedly failed 
to detect transmembranous exchange with maternal 
blood,* ® "' which suggests either than transmembra- 
nous exchange does not occur or that it is so small that 
is is physiologically insignificant compared with in- 
tramembranous exchange. This theory is consistent 
with recent reports suggesting that 10 ml/day may cross 
the transmembranous pathway,’* whereas 200 ml/day 


may cross the intramembranous pathway” ° in latz- 


gestation sheep. Thus for the present discussion, we w_ll 
assume that all of the observed changes in amniotic 
fluid composition are the result of an exchange across 
the intramembranous pathway. 

During the urine drainage plus tracheoesophageal 
occlusion study, amniotic osmolality, Na*, K*, CI”, ard 
lactate increased significantly. These observations su- 
port the hypothesis that there is a rapid exchange 
between fetal blood and the amniotic fluid across the 
intramembranous pathway. Over the 8-hour period the 
gradients between fetal plasma and amniotic fluid for 
osmolality and Na* were reduced by 50%, These 
changes could be caused by either the entry of Na™ inzo 
the amniotic space or to the flow of water outward. 
Concomitantly, amniotic K* and Cl” also increased. 
However, in contrast to the decreasing blood to amni- 
otic gradients for osmolality and Na*, the K* gradient 
increased and the Cl” gradient reversed so that amni- 
otic K* and Cl” were both above plasma levels at the 
end of the 8-hour drainage plus occlusion. These E* 
and Cl” concentration changes are not consistent with 
a passive diffusional movement of electrolytes down a 
concentration gradient; they could be the result of 
either an absorption of water out of the amnio:ic 
compartment, leaving K* and Cl” behind, or active ion 
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P < 0.0001 
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‘Fig. 2. Changes (mean + SEM) in amniotic fluid Na*, K*, and CI” from initial levels during the 
urine drainage plus tracheoesophageal occlusion or control study. p Values represent significance 
between treatments. Urine drainage plus tracheo-esophageal occlusion was initiated at time 0. 


transport into the amniotic fluid. Although both may be 
_ occurring, the absorption of water appears to be the 
major cause of the elevation in amniotic Na*, K*, Cl’, 
and lactate during urine drainage and tracheoesopha- 
geal occlusion. This conclusion is based on the fact that 
the percentage increases in Na”, K*, Cl”, and lactate 
` were the same at 10%, as would be expected if water, 
; but not these solutes, was leaving the amniotic compart- 
ment. This is not meant to imply that there is no 
diffusional entry of Na*, K*, or Cl” into the amniotic 
fluid through the intramembranous pathway. Instead, 
the present data suggest that the diffusional entry is 
- small relative to the volume of water that leaves the 
amniotic: fluid by this pathway. Thus our study only 
partially supports the hypothesis that amniotic compo- 
sition will gradually equilibrate with fetal plasma com- 
‘position when the major flows into and out of the 
amniotic compartment are eliminated. This partial sup- 
. port is derived from the observations that amniotic 


t 


osmolality and Na* concentration approached plasma 
levels. The observation that amniotic K* and Cl” con- 
centrations were above plasma levels and increasing at 
the end of the drainage plus occlusion study is not 
consistent with the original hypothesis but is consistent 
with a loss of water from the amniotic sac. From these 
observations we speculate that during urine drainage 
and tracheoesophageal occlusion the equilibration of 
amniotic composition with plasma may occur in two 
phases: a rapid phase during which the osmotic forces 
are dissipated and a slower phase during which the 
concentration gradients are gradually eliminated. It 
must be emphasized that the latter phase has yet to be 
observed. D : 
Although the volume of water that left the amniotic 
fluid during the 8-hour drainage study was not deter- 
mined, it can be estimated from the increase in amni- 
otic solute concentrations. The 10% increase in electro- 
lyte concentrations over 8 hours suggests that approx- 
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Amniotic Fluid. 


Amniotic Fluid 
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Fig. 3. Osmolality and Na* concentrations (mean + SEM) in fetal plasma and amniotic fluid during 
urine drainage plus tracheoesophageal occlusion. Note 50% reduction in gradient between fetal 
plasma (circles) and amniotic fluid (squares) osmolality and Na*. Vertical dotted line at time 0 indicates 
start of urine drainage plus tracheoesophageal occlusion. 


imately 10% of the water initially present was absorbed 


into the fetal circulation. For an amniotic volume of 800. 


ml,” this 10% increase in osmolality corresponds to 240 
ml/day, which is in close agreement with our previous 
estimate of 200 mi/day.” ° Further, the largeness of this 
number emphasizes that intramembranous absorption 
‘of amniotic water could play a very important role in 
determining amniotic volume and composition. The 
normal volume of amniotic fluid reabsorbed daily de- 
pends largely on the filtration coefficient of the in- 
tramembranous pathway. Our previous study’ showed 
that surgical ligation of the fetal esophagus was associ- 
ated with a doubling of the intramembranous filtration 


coefficients at =5 days after ligation. In our present . 


study the esophagus plus trachea were occluded for 
8 hours. Thus it 1s possible that the filtration coefficient 


was increased in response to the occlusion, although we 
view this as unlikely. A more likely possibility is that the 
accumulation in the amniotic fluid of substances in fetal 
urine are responsible for the augmentation in the fil- 
tration coefficient observed after ligation. 

. The above interpretations depend on whether the 
other major flows into and out of the amniotic fluid 


- were in fact eliminated during the drainage plus occlu- 


sion study. With our method for draining the urinary 
bladder there is little possibility of urine entering the 
amniotic sac. because the method maintains bladder 


- pressure below amniotic fluid pressure at all times. 


Further, others have shown that fetal urine enters the 
amniotic space only during bladder contractions that 
elevate fluid pressure within the bladder." Although we 


_ believe our technique for occluding the esophagus and 
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Fig. 4. K* and Cl” concentrations (mean + SEM) in fetal plasma (circles) and amniotic fluid (squares) 
during urine drainage plus trachecesophageal occlusion. Vertical dotted line at time 0 indicates start 


of urine drainage plus tracheoesophageal occlusion. 


trachea was successful, we cannot prove that it was 
successful in every animal because tracheal and esoph- 
ageal flows were not monitored. However, if there was 
flow through the trachea or esophagus it would most 
likely be an outflow from the trachea because the 
cartilage rings of the trachea make it more difficult to 
occlude. If tracheal outflow had occurred, the changes 
in amniotic composition would be expected to be sig- 
nificantly different from those observed; that is, with 
lung fluid having an Na* concentration slightly less 
than the Cl” concentration,”* the vercentage increase 
in amniotic Cl~ concentration would be greater than 
that in Na* because amniotic Cl” concentration was 
initially lower than amniotic Na* concentration. How- 
ever, the percentage changes in amniotic Cl” and Na* 
concentrations were the same as would be expected if 


water was leaving the amniotic space. In addition, even 
if 100 ml of lung fluid (isotonic with plasma) had 
entered the amniotic space during the 8-hour study, 
amniotic osmolality would have increased by only 1.3% 
(i.e, (100 x 298.2 + 800 x 266.6)/900/266.6), and 
this is small compared with the observed changes. 
Finally, secretions from the fetal head would also be 
expected to contribute to amniotic composition 
changes with time. These effects most likely would be 
quite small in that our previous study’® found a secre- 
tion from the head that would average only 9 ml over 
the 8-hour study. If these secretions are assumed tobe 
isotonic with plasma, the addition of fluid from the 
head leads to an overestimation of <2% in the net rate 
of water reabsorption from the amniotic compartment. 

The percent increase in amniotic osmolality during 
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Fig. 5. Percent changes (mean + SEM) in amniotic osmolality, Na*, K~, and Cl” in response to 8 
hours of urine drainage plus tracheoesophageal occlusion initiated at time 0. 


the last 3 hours of the drainage study was less than the 
percent increase in amniotic Na*, Cl”, or lactate as 
determined by computing the mean of the ratios in 
each animal. This behavior would be expected if a 
solute other than Na*, CI“, or lactate were leaving the 
amniotic compartment as water was leaving. The most 
likely candidate for this solute is urea because urea is 
present in high concentrations in amniotic fluid’? and 
the amnion has a high permeability to urea.'” For 
example, for a permeability of 0.277 x 10* cm/sec at 
term,” a 6 mmol/L concentration gradient for urea 
between the amniotic fluid and fetal blood,'® and a 
surface area of the amnion of 2000 cm’ (unpublished 
observations), the net diffusional flux of urea out of the 
amniotic sac would be 28.7 mmol/day. This rate is over 
twice the fetal renal excretion rate for urea. Further, the 
concentration of urea is higher in fetal urine than in the 
amniotic fluid,’ again suggesting a rapid loss of urea 
from the amniotic compartment. 

During the urine drainage study, fetal osmolality, 
Na*, K*, Cl”, and maternal plasma osmolality tended 
to increase compared with control. These changes may 
be caused largely by the fetal urine remaining hypo- 
tonic throughout the 8-hour drainage. Thus free water 


was continually being lost from the fetal compartment, 
and 164 ml free water was drained. Although the 


"maternal plasma osmolality increases during drainage 


were not anticipated, assuming a weight of 40 kg and a 
body composition of 50% water, it can be calculated that 
the loss of 164 ml free water would elevate maternal 
osmolality by 2.5 mOsm/kg, that is, the observed in- 
crement. 

In summary, we conclude that under normal condi- 
tions there is a rapid intramembranous exchange of 
water, probably ions, and other small molecular weight 
solutes between fetal blood and the amniotic fluid. This 
exchange appears to play a significant role in determin- 
ing amniotic fluid volume and composition. We specu- 
late that the composition of amniotic fluid is different 
from fetal urine largely because of intramembranous 
exchange of water, ions, and molecules. 
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Rapid intramembranous absorption of water infused into 


the ovine allantoic cavity 


William M. Gilbert, MD 
San Diego, California . n 


OBJECTIVE: Piavioushy’ we found that water infused into the ovine amniotic cavity was rapidly absorbed 
into the fetal circulation through the vascularized fetal membranes and fetal Surface of the placenta (i.e., 
the intramembranous pathway). The purposes of this study were to (1) estimate the conductance of the 
intramembranous pathway from the allantoic cavity and (2) determine if the conductance is adequate 

to offset the inflow of urine, which may. be up to 500 mi/day in the near-term ovine fetus. 

STUDY DESIGN: Seven chronically catheterized fetal sheep averaging 132 + 2 (+SE) days’ gestation 
underwent an infusion of warmed distilled water into the allantoic cavity at 6 mi/min. The Infusions were 
continued until steady states were obtained in allantoic and amniotic fluid and in fetal and maternal blood 
osmolalities. During the steady state the conductance of the intramembranous pathway was estimated 


as the ratio of osmotic gradient to infusion rate.. 


RESULTS: The allantoic and amniotic fluid and the fetal and maternal blood osmolalities decreased’ by 
188 +. 14, 36 + 8, 13 + 2, and 3 + 1 mOsm/kg, respectively, at steady state. From the fetal-allantoic 

osmolality gradients the conductance of the intramembranous pathway was 1.72 + 0.14 or 0.53 + 0.08 
pl/min/mm Hg/kg fetal weight. Assuming a similar conductance during the preinfusion period, the next 


volume movement would equal 0.67 ml/min (965 mi/day). 


CONCLUSIONS: The conductance of the intramembranous pathway in combination with the normal 
osmotic gradient is sufficient to remove the large volume of fetal urine that may enter the allantoic cavity 


each day. (Am J Osstet Gynecot 1992;167:1742-7.) 


Key words: Allantoic cavity, amniotic fluid, intramembranous pathway, amnion, chorion, fetus 


In, addition to an amniotic cavity, the sheep fetus has 
an allantoic cavity that is connected to the fetal bladder 
by the urachus.' Through the urachus the allantoic 
cavity has been reported to receive up to 500 ml/day of 
fetal urine in late gestation.” The mechanisms for fluid 
movement out of the allantcic cavity are largely 
unknown; however, fluid must move across the allantoic 
membrane because no anatomic outlet exists. 

Previously we found that distilled water infused into 
the ovine amniotic cavity resulted in a rapid absorption 
of the water into the fetal circulation.* This water 
absorption was by movement from the amniotic cavity 
into the fetal blood vessels on the fetal surface of the 
placenta and bleod vessels within the vascularized fetal 
chorion and amnion. This avenue of fluid movement 
has been termed the intramembranous pathway” ° and 
is important in the regulation of amniotic fluid volume 
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and composition. As with the amniotic cavity, the allan- 
toic cavity is exposed to the fetal surface of the placenta 
and surrounded by the vascularized chorion (intramem- 
branous pathway). In contrast to the amniotic mem- 
brane, however, the allantoic membrane is avascular, 
and fluid and solutes must move across this membrane 
to leave the allantoic cavity. The intramembranous. 
pathway may be a route by which fluid leaves the 
allantoic cavity. l 

The fetal blood within the vascularized fetal chorion 
is hyperosmolar relative to the allantoic fluid (22 
mOsm/kg)” This osmotic gradient may provide “the 
driving force necessary for water movement out of the 
allantoic cavity. The current study was designed to 
determine whether the conductance of the intramem- 
branous pathway, in combination with the normal os- 
motic gradient between fetal blood and allantoic fluid, 
is sufficient to allow large volumes of fluid to leave the 
allantoic sac each day. g 


Methods 

The major surgical procedures briefly described here 
are detailed elsewhere.” Seven time-dated pregnant 
sheep (Nebeker Ranch, Lancaster, Calif.) at a mean 
(+SE) of 125 + 1 days’ gestation at the time of surgery 
were used for this study. The animals were anesthetized 
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to a surgical plain of anesthesia by titrating the intra- 
venous injection of sodium pentobarbital (25 mg/kg). 
Anesthesia was maintained with halothane (0.5% to 2%) 
in oxygen through an endotracheal tube. Polyvinyl 
catheters were placed in the maternal femoral artery 
and vein and advanced to the level of the diaphragm. A 
midline incision was then made in the abdominal wall, 
exposing the uterus. Each horn of the uterus was 
sequentially identified, elevated, and incised, exposing 
the allantoic membrane. A single catheter was placed 
into the allantoic cavity, and the membranes were li- 
gated twice around the catheter in a watertight fashion. 
The uterus was closed around the catheter in a similar 
watertight fashion. | 

The fetal. head was then exposed through a uterine 
incision in an area of the uterus away from the allantoic 
membrane. The fetal head was brought out through the 
incision, and two catheters were placed into a fetal 
external jugular vein and two catheters into a carotid 
artery. Amniotic fluid catheters were sutured to the 
neck. The head was replaced into the uterus and the 
fetal membranes were ligated around the catheters 
twice, providing a watertight seal. The uterus was then 
closed with a continuous suture, and all catheters were 
tunneled subcutaneously into a pouch sewn on the flank 
of the ewe. 

The vascular catheters were flushed daily with sodium 
heparin (100 U/ml for fetal and 1000 U/ml for maternal 
catheters) to maintain patency. Antibiotics were instilled 
daily into the amniotic cavity (600 mg piperacillin 
sodium, Lederle, Carolina, Puerto Rico) and intramus- 
cularly to the ewe (800,000 U penicillin G and 1 gm 
dihydrostreptomycin) during the first 5 days postoper- 
atively. 

Experiments were begun at least 5 days after surgery. 
After a l-hour control period we infused warmed 
(40° C) distilled water into the allantoic cavity at 6.0 
ml/min, half into each uterine horn. Allantoic and 
amniotic fluid and maternal and fetal blood were sam- 
pled twice in the control period and every 30 minutes 
after the beginning of the infusion. Fetal arterial blood 
was used for determination of blood gases and pH 
(Instrumentation Laboratory, Lexington, Mass., model 
1302 blood gas analyzer, 39.5° C}, sodium, chloride, 
and potassium ion concentrations (Nova Model 5 + 5 
electrolyte analyzer, Waltham, Mass.), osmolality (freez- 
ing point depression, Advanced Instruments, Needham 
Heights, Mass.), and hematocrit. Maternal blood and 
amniotic and allantoic fluids were obtained for electro- 
lytes and osmolality at the same times. The water 
infusion was continued until no further changes were 
noted in osmolalities. 

Conductance. During the steady state the 6.0 ml/min 
infusion of water crossed the allantoic membrane and 
entered the fetal blood or amniotic cavity. The conduc- 
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tance (filtration coefficient) of the intramembranous 
pathway can be calculated by making assumptions con- 
cerning the reflection coefficients for osmotically active 
substances.° If the reflection coefficients for osmotically 
active substances are close to unity, the fluid movement 
across the allantoic membrane equals: 


where C is the conductance (filtration coefficient), P is 
the hydrostatic pressure gradient across the membrane, 
and m; is the osmotic pressure gradient for osmotically 
active solutes (i).° Because the pressure gradient P 
across a freely movable membrane is minimal and 
hydrostatic pressure changes relative to osmotic pres- 
sure changes are small (1 mOsm/kg = 19.7 mm Hg), 
the above equation can be simplified: 


In one animal samples of the allantois and chorion were 
examined microscopically after the water infusion to 
determine the effects of exposure to the water infusion. 

The total body water of the mother and fetus was 
assumed to be 50% and 80% of body weight, respec- 
tively, for the calculation of water absorption. 

The protocol for this experiment was approved by 
the Animal Subjects Committee at our institution, and 
we followed the National Institutes of Health guidelines 
for the use and care of laboratory animals. At the end of 
the experiments the animals were killed with sodium 
pentobarbital (100 mg/kg). Indigo carmine dye (5 ml, 
American Regent Laboratories, Shirley, N.Y.) was in- 
jected into each horn of the allantoic cavity to docu- 
ment integrity of the allantoic membranes, which was 
confirmed at autopsy. 

Data presentation and statistical analysis. The data 
are presented as the mean + SE. Changes with time in 
a single variable were analyzed with a two-factor re- 
peated measures analysis of variance, with time and 
animal being the two factors. Statistical significance was 
accepted at p < 0.05, and changes referred to as sig- 
nificant are at this level unless specified otherwise. 


Results 


_ Mean values during the preinfusion period and 
steady-state infusion levels are displayed in Table I. 
These preinfusion values are similar to previous values 
in our laboratory.°* 

During the infusion steady-state values were obtained 
in all osmolalities within 6.5 hours after starting the 
water infusion. Allantoic osmolality decreased (p < 
0.0001) during the infusion (Fig. 1) and stabilized at 
188 + 14 mOsm/kg below the preinfusion period. Fetal 
(p < 0.0001) and maternal (p < 0.001) blood osmolal- 
ity decreased during the infusion of water (Fig. 2) and 
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TIME (hr) 


Mean (+SE) change from preinfusion values in allantoic osmolality (milliosmoles per’ 


kilogram) after constant infusion of warmed distilled water at 3 ml/min into each horn of allantoic. 


cavity (initiated at dotted vertical line). 


Table I. Mean {+SE) preinfusion and 
steady-state infusion values  \ 


Variable Steady state 
Fetus 
Osmolality (mOsm/kg) ; 
Blood 297 +1 284 + 2* 
Amniotic fluid 268 £9 232 + 8* 
Allantoic fluid 276 + 2 88 + 14* 
Arterial pH 7.30 + 0.01 7.31 + 0.0] 
Pco, (torr) 53.2 + 0.7 ` 55.6 + 1.6 
Pos (torr) 19.4 + 1.1 16.8 + 1.2% 
Mother : ; i 
Blood osmolality 299 + 1 296 + 1* 
(mOsm/kg) 
n = 7 animals. 
*p < 0.001. 
tp < 0.05. 


stabilized at 13 + 2 and 3 + 1 mOsm/kg, respectively, 


below the preinfusion period. Amniotic fluid osmolality — 


decreased (p < 0.0001) during tne water infusion (Fig. 
2) and was the last to stabilize. It did so at 36 + 8 
mOsm/kg below the preinfusion period. | 

Allantoic sodium and chloride decreased (p < 
0.0001) during the water infusion (Fig. 3), and their 
_changes were not different from. each other when ex- 
pressed as a percentage. 

The microscopic sections of the allantois and chorion 
revealed intermittent areas of allantoic epithelial de- 
generation with the majority of the allantoic membrane 
and all of the chorion membrane intact. 


Conductance. During the steady state the 6.0 ml/min 
infusion of water crossed the allantoic membrane and 
entered the fetal blood cr amniotic cavity. The fetal 


blood-allantoic fluid osmotic gradient was 21 + 2 


mOsm/kg during the preinfusion period, and it stabi- 
lized at 188 + 14 mOsm/kg during the infusion. From 
these values the conductance of the intramembranous 
pathway can be calculated by making assumptions pre- 
sented in the Methods section: 


FM 6 ml/min 
; 188 mOsm/kg A 


1 mOsm/kg 
19.7 mm Hg 


where C is conductance. The conductance for each 
animal was calculated and weight normalized, and the 
seven animals were averaged, yielding 


C = 1.72 + 0.14 pl/min/mm Hg or 
C = 0.53 + 0.08 pl/min/mm Hg/kg fetal weight 
Assuming the conductance of the intramembranous 
pathway was unchanged during the infusion, the os- 
motic gradient present during the preinfusion period 


(21 + 2 mOsm/kg) could result in movement of fluid 
out of the allantoic cavity. This can be estimated as: 


X ml/min 6 ml/min . 
21 mOsm/kg ~ 188 mOsm/kg 
X = 0.67 ml/min 
X = 967 ml/day 


where X is the movement of water out of the allantoic 


cavity. 


t 
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Fig. 2. Mean (+SE) change from preinfusion values in amniotic fluid (open circles) and in fetal (closed 
circles) and maternal (squares) blood after infusion of warmed distilled water at 3 ml/min into each horn 
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The primary finding of the current study is that the 
conductance of the intramembranous pathway in com- 
bination with the normal fetal-allantoic fluid osmotic 
gradient is sufficient to remove the large volume of fetal 
urine that may enter the ovine allantoic cavity each day. 
Furthermore, the conductance measured in this study 
was 38% of the value for the conductance as measured 
from the amniotic cavitv (1.37 + 0.25 pl/min/mm 
Hg/kg fetal weight) previously reported. One explana- 
tion for this difference between amniotic and allantoic 
compartments is that the amniotic membrane is vascu- 
larized, thus allowing water absorption, whereas the 
allantoic membrane is avascular and water must move 
across the allantoic membrane before it is absorbed into 
the vascularized chorion (intramembranous pathway). 

The purpose of the water infusion was to achieve a 
steady state in osmolalities that would allow us to 
estimate water movement between compartments. 
When no further change takes place in osmolalities, all 
water entering a compartment (allantoic cavity, for 
example) must equal the amount that leaves the com- 
partment. Another necessary factor to estimate water 
movement is the initial volume of distribution. The 
preinfusion allantoic and amniotic fluid volumes were 
not measured; however, estimations from our labora- 
tory and the literature can be used along with the 
changes in osmolality to calculate the volume of infused 
_ water within each compartment. Assuming the preinfu- 
sion allantoic cavity volume to be 449 ml’ and osmolal- 


ity to be 276 mOsm/kg (Table 1), the decrease of 188 
mOsm/kg demonstrates a retained volume of 959 ml. A 
similar calculation for the amniotic compartment, as- . 
suming a preinfusion volume of 800 ml,’° revealed a 
retained volume of 124 ml. The fetal (13 mOsm/kg) and 
maternal (3 mOsm/kg) decreases in osmolality and 
estimated total body water (80% and 50% of body 
weight, respectively) reveal retained volumes of 121 and 
202 ml, respectively. The summation of the above 
volumes equals 1406 ml, which is less than the amount 
of water infused during the 6.5 hours of infusion 
(6 ml/min or 2340 ml). The remainder of the water was 
most likely excreted as maternal urine. The contribu- 
tion of fetal urine to allantoic and amniotic fluid volume ` 
during the infusion is unknown. Estimates can be ob- 
tained from previous work. Fetal urine flow, as mea- 
sured in our laboratory, is approximately 0.36 ml/min." 
This is only 6% of our infusion (6 ml/min) and thus 
represents a small source of potential error in our 
measurements. 

Allantoic sodium and chloride ion concentrations 
decreased during the infusion (Fig. 3) and stabilized at 
approximately 28% of control values. The degree of 
solute movement into or out of the allantoic compart- 
ment is unknown. Solutes may have been leaving (or 
entering) the allantoic compartment by the intramem- 
branous pathway, and fetal urine could continue to 
contribute to water and solute entry. Because the sol- 
utes sodium and chloride decreased (and stabilized) to: 
a similar degree, it would suggest that the majority of 
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Fig. 3. Mean (+SE) change from preinfusion values in 
allantoic sodium and chloride ion concentration after infusion 
of warmed distilled water at 3 ml/min into each horn of 
allantoic cavity (initiated at dotted vertical line). 


the osmotic change was water movement out of the 
allantoic compartment. 

The above calculation of the conductance of the 
intramembranous pathway assumes that the reflection 
coefficients for the osmotically active substances are 
constant and close to the value one. The actual reflec- 
tion coefficients for absorption from the allantoic cavity 
are unknown. We have, however, estimated reflections 
coefficients for absorption from the amniotic cavity* 


and found that the reflections coefficients for two sol- 


utes, sodium and chloride, were approximately 0.4. If 
we assume that the reflection coefficients for absorption 
from the allantoic cavity are similar, then the conduc- 
tance would be greater than estimated above. 

The infusion of distilled water decreased the allantoic 
osmolality to a mean of 88 mOsm/kg. This large drop in 
osmolality may be sufficient to cause osmotic disruption 
of the allantoic and chorionic membrane and thus affect 
the conductance of the intramembranous pathway. In 
one animal the allantoic and chorionic membranes 
were sampled and examined microscopically for evi- 
dence of disruption. This microscopic examination re- 
vealed some sporadic evidence of allantoic epithelial 
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degeneration but no chorion changes. What effect this 
sporadic allantoic epithelial degeneration has on the 
conductance of the intramembranous pathway is un- 
known. The vessels (chorionic) for absorption were 
unaffected (microscopically) by the water infusion; this 
would suggest that the hypoosmolality caused minimal 
effect on the conductance. The precise effect of the 
hypoosmolality on the conductance of the intramem- 
branous pathway cannot be determined in the current 
study. 

The maternal osmolality decreased and most likely 
represents water movement from the fetal to the ma- 
ternal circulation across the placenta. Previously we° 
have shown that minimal amounts of water move di- 
rectly from the amniotic cavity across the fetal mem- 
branes tnto the maternal circulation (transmembranous 
pathway). Other authors have found similar results of 
small transmembranous fluid movement. Under nor- 
mal conditions 10 ml/day'® and under hyperosmolar 
conditions with fetal death 43 ml/day’’ were found to 
move through the transmembranous route. This vol- 
ume of transmembranous fluid movement (10 to 43 
ml/day) is small when compared with the volume that 
enters by intramembranous absorption. 

In summary, water infused into the ovine allantoic 
cavity is rapidly absorbed across the allantoic mem- 
brane into the fetal circulation within blood vessels on 
the fetal surface of the placenta and within the vascu- 
larized fetal membranes (i.e., the intramembranous 
pathway). A conductance of the intramembranous path- 
way was calculated from the infusion rate and steady- 
state osmotic gradient. This value for the conductance 
and normal osmotic gradient between fetal blood and 
allantoic fluid is more than sufficient to remove the 
normal inflow of fetal urine each day. 
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Vascularization of the ovine amnion and chorion: A 
morphometric characterization of the surface area of the 


intramembranous pathway 


Robert A. Brace, PhD," William M. Gilbert, MD, and Kent L. Thornburg, PhD” 


La Jolla, California, and Portland, Oregon 


OBJECTIVE: The purpose of this study was to characterize the vascularization of the ovine amnion, 


allantois, and chorion. 


STUDY DESIGN: A white silicone vascular casting material was infused into both umbilical arteries of 
nine fetal sheep ranging in age from 58 to 142 days’ gestation. A morphometric analysis of 
photomicrographs of the membranes was then performed with computerized image analysis techniques. 
RESULTS: After removal of the uterus, the fetus was surrounded by a layer of white silicone-filled 
microvessels in the chorion. The amniotic membrane after separation from the chorion was covered by a 
fine mesh of microvessels, whereas the allantois was avascular. The amniotic membrane readily 
separated into an outer vascularized layer and an inner, avascular layer containing the amnion. 
Approximately 50% of the surface of the chorionic membrane was covered by microvessels; this 
appeared independent of gestational age. At midgestation 30% of the surface of the amnion was covered 
by microvessels, and this decreased to 17% at 142 days. Relative to fetal weight, the amniotic and 
chorionic vascular surface areas decreased from 6 to 0.3 and from 15 to 1.5 cm*/gm fetal weight, 


respectively, over the last half of gestation. 


CONCLUSIONS: There is an extensive network of microscopic fetal blood vessels within the ovine 
chorion and covering the outer surface of the amnion. These vessels appear to be ideally situated to 
facilitate a direct exchange of water and solutes between amniotic or allantoic fiuids and fetal blood 
through the intramembranous pathway. (Am J Oaster Gynecot 1992;167:1747-55.) 
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An increasing number of studies in animals and 
humans has shown that substances rapidly appear in 
fetal blood after intraamniotic injection even when fetal 
swallowing does not occur.'* In recent studies we found 
that small to medium molecular weight substances (i.e., 
water or arginine vasopressin) appeared in the ovine 
fetal circulation within a few minutes after intraamniotic 
injection.” * Because ligation of the fetal esophagus did 
not reduce the rate of uptake of either water or arginine 
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vasopressin into the fetal blood,” * we hypothesized that ` 


the rapid uptake was occurring by way of the intramem- 
branous pathway; that is, uptake from the amniotic 
compartment into the fetal blood was by exchange 
between the amniotic fluid and the fetal blood perfus- 


ing the fetal surface of the placenta or the fetal blood - 


perfusing the membranes (in ungulates ‘including 
sheep), across the surface of the umbilical cord, or 
across the oral-nasal membranes.*” Although our're- 
cent studies do not support an extensive contribution 
by the ovine oral-nasal membranes,” there is a great 
potential for exchange’ between the amniotic fluid and 
blood perfusing the fetal membranes in sheep. This 
potential exists not only because of the large surface 
area of the membranes but also because previous stud- 
ies have shown a relatively high blood flow rate to the 
- ovine chorion, averaging 6.2% + 0.8% (SE) of umbilical 
flow in anesthetized animals.’ However, it is unclear 
whether the ovine amnion is vascularized, in that recent 
reports clearly state that it isë and is not? vascularized. 
On the other hand, the older literature suggests that 
the ovine amnion is vascularized. In 1937 Mossman’? 
described the embryonic origin of the ovine amnion 
and the embryonic vascularization of the chorion and 
amnion from the allantoic vesicle. 

In addition to the amount of blood flowing to the 
membranes, the transfer of water or solutes through the 
chorionic and potential amniotic components of the 
intramembranous pathway would depend on'the nature 
of ‘the blood vessels within the fetal membranes and 
‘their surface areas. However, neither the surface areas 
nor the distributions of the blood vessels in the mem- 
branes have been previously reported. To address these 
issues this study was designed to explore the extent of 
the vascularization of the ovine fetal amnion, allantois, 
and chorion. To do this, we infused both umbilical 
arteries with silicone vascular casting material and used 
light microscopy in combination with computerized 
image analysis techniques to characterize the blood 
vessels that perfuse the ovine fetal membranes. 


Material and methods . 
This study used nine pregnant sheep (Nebeker 


‘Ranch, Lancaster, Calif.) with gestational ages ranging 
from 58 to 142 days (term 145 to 150-days). Eight were 


singleton pregnancies and one was a twin pregnancy at’ 


68 days’ gestation. The protocol was approved by our 
Institutional Animal Subjects Committee, and we fol- 
lowed the National Institutes of Health guidelines for 
the care and use of laboratory animals. __ l 
Each animal was killed by a euthanasia solution (100 
mg/kg pentobarbital sodium) administered into the 
jugular vein. The abdomen was shorn and the uterus 
was exposed through a midline laparotomy. Through a 
small incison in the uterus the umbilical cord at the 
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. umbilicus was exposed. Amniotic fluid loss during the 
_ procedure was minimized. From gestational age we 
. estimated fetal weight and calculated the volume of 


fetal blood in the umbilical cord plus placenta 
as 30%'" '* of the circulating blood volume of 110 
ml/kg.'* '* Beth umbilical arteries were catheterized 
with blunt needles. We then infused a volume of iso- 
tonic saline solution equal to half the calculated umbi- 
licoplacental blood volume into each umbilical artery. 
The saline solution flush before injection was suggested 
by the silicone manufacturer because this procedure 
reduces the potential for clot formation. This was fol- 
lowed by infusion over 3.to 5 minutes of a volume of 


liquid silicone rubber approximately equal to placental 


blood volume, as calculated above, into each artery. 
In four of the fetuses the umbilical veins were left in- 


‘tact during the infusions. In the remaining five fetuses 


the veins were transected so the infused fluid drained 
freely during the silicone infusions. The logic for 
leaving the umbilical veins intact during the infusions 
was that the increase in venous préssure during the 
silicone infusion may help improve vascular filling with 
silicone. The rationale for transecting the umbilical 
veins was that a low outflow pressure may help prevent 
overdistention of the vessels during the silicone infu- 
sions. We found no gross differences in results with 
these two methods. 

The silicone rubber vascular casting material that we 
used was developed for filling microvessels (Microfil, 
Canton Bio-Medical Products, Boulder, Colo.). We 
chose a white color to achieve maximal contrast under 
the light microscope with a black background. We chose 
to infuse a volume ‘of silicone equal to approximately 
twice the umbilicoplacental blood volume in the hope 


of achieving complete vascular filling. In practice we 


continued the infusion of the silicone into each umbil- 
ical artery until the outflow from the umbilical vein was 
solid white in color with no indication of fetal blood or 
saline solution contamination. In one fetus (58 days’ 
gestation) only one umbilical artery could be infused. In 
the twin pregnancy both fetuses were infused. After the 


', infusions the umbilical cord was ligated and returned to 
the amniotic compartment, and the incision in the 
uterus was sutured closed. The uterus was then clamped 


at the vagina and removed with its contents intact. This 
was stored overnight in isotonic saline solution so that 
the silicone would have time to cure (harden). 

After curing overnight, the uterus was removed from 
its attachments to the cotyledons by dissection. The 


' membranes were opened carefully, the fetus was re- 
_ moved, and the weight of the fetus was recorded. In 
_ preparation ior photography the membranes were cut 
‘so they would lie flat. Photographs in duplicate were 


taken separately of the amniochorionic portion of the 
membranes and both ends of the allantochorionic 
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membranes. Each photograph contained a metric scale 
so total surface area of the membranes could be calcu- 
lated. From the surface area measurements (described 
below) the total surface area of the amnion was taken as 
the area of the amniochorion, of the allantois as the 
sum of the two ends of the allantochorion, and of the 
chorion as the sum of the amniochorionic plus the two 
ends of the allantochorionic areas. These estimations 
cause the surface area of the amnion and allantois to be 
underestimated because the amnioallantoic membrane 
was not included. In addition, the surface area of the 
allantois was underestimated because the small allantoic 
isthmus that passes between the amnion and chorion as 
it connects the two major allantoic compartments was 
not included. In comparison, the total area of the 
chorion should be adequately represented by this sum- 
mation. 

After dissection and photography, the membranes 
with cotyledons attached were soaked in glycerin to 
clear the tissue, as suggested by the silicone manufac- 
turer. After clearing in glycerin, we took three samples 
each (3 to 6 cm in diameter) from the amnion, the 
amniochorion, and the allantochorion. For sampling of 
the amniotic membrane, it was separated from the 
chorion along the natural plane between the mem- 
branes by gently pulling the membranes apart. For the 
one set of twins, samples of the membranes were 
pooled; thus ony one set of samples was taken from the 
twins. From each of these nine tissue samples, we took 
three photomicrographs from three different randomly 
chosen regions of each membrane at a magnification of 
x9.7, X25, and X67, so there was a total of 81 
photomicrographs from each animal. The membranes 
were prepared for microscopic viewing by spreading 
them on a glass plate. Although gentle tension was put 
on the membranes as they were being spread, no 
tension was on them when the photomicrographs were 
taken, so that the membranes were under minimal 
tension. In two of the nine animals (58 and 130 days’ 
gestation) there was little filling of the vasculature of the 
amnion, so photographs of the amnion were not taken 
in these animals. In addition, in three animals (101, 
103, and 113 days) some of the amniotic membrane 
samples separated into two layers (described below) and 
resulted in an unnatural clumping together of the 
microvessels. These also were excluded from the 
analyses. 

During the photo sessions we could see with the light 
microscope that there were areas in which the vascular 
filling with silicone was incomplete in that many vessels 
still contained blood. Thus, as the areas were being 
selected for photographing, we purposely attempted to 
avoid areas of the membranes in which there was poor 
filling by the silicone. Instead, we focused on those 
areas in which filling was more complete. We also 
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attempted to avoid areas that were occupied by the 
larger-conduit blood vessels. Our logic for selecting the 
microvessels for the photomicrographs was that the 
microvessels would most likely be the primary sites of 
water and solute exchange. 

Morphometric analysis. The photographs of the 
total membrane surfaces and the photomicrographs of 
the silicone castings were digitized (640 x 480 pixels, 
Data Translations, Marlboro, Mass., frame grabber 
board, interfaced with a Pulnix video camera and 
Toshiba video monitor) and stored on the hard disk of 
a microcomputer. Custom computer software was used 
to compute either the total surface area of the mem- 
brane from the photographs or the percent of the 
membrane that was occupied by the silicone castings 
from the photomicrographs. We verified the accuracy of 
these procedures and found an error of < 1%. The area 
of the membranes was determined by the computer 
after we traced the outline of the membranes on the 
computer screen. The average coefficient of variation 
for the surface areas of the membranes was <1% as 
determined from the duplicate photographs. The per- 
centage of the photomicrograph that was occupied by 
silicone was determined as the ratio of the number of 
pixels representing vessels to the total number of pixels 
available times 100%. The routine for this calculation, 
when calibrated over the range of 2% to 40%, had an 
SD of 0.33%. During the analysis of percent surface 
area we eliminated areas from the calculation that 
represented (1) air bubbles trapped under the mem- 
branes and (2) areas in which color contrast was poor 
because of incomplete clearing of the tissues. Analysis 
of the first 200 photomicrographs at magnifications of 
x9.7, X25, and X67 (i.e., 60 to 70 at each magnifica- 
tion) revealed no differences in the fractional surface 
areas of the membranes occupied by blood vessels at 
the various magnifications. Thus only the remaining 
images at X67 magnification were analyzed, and the 
fractional surface area data presented below were de- 
rived only from this magnification. 

Data presentation and statistical analysis. The data 
are presented as the mean + 1 SE. Data from the one 
set of twins (68 days’ gestation) were averaged and 
included in the analyses as if they represented one 
single fetus. Differences in surface areas among gesta- 
tional ages and among the three types of membranes 
were analyzed for statistical significance with a one- or 
two-factor analysis of variance, as appropriate. Changes 
with gestational age were also analyzed by least-squares 
regression techniques. The total surface area of the 
amnion or chorion covered by blood vessels was calcu- 
lated as the surface area of the membrane multiplied by 
the mean percentage of the surface occupied by vessels, 
as determined above, divided by 100%. The total sur- 
face area of the microvessels available for exchange was 
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Fig. 1. Photomicrographs of blood vessels of ovine amnion after injection of white silicone into both 


umbilical arteries. (Original magnifications: A, 


x 9.7; B, X27; C, X67. Vertical edges of photomi- 


crographs are: A, 1050 um; B, 375 pm; C, 150 pm.) 


calculated as the latter number multiplied by m 
(3.14159); that is, we assumed that the microvessels are 


circular in cross section. 


Results 

When the uterus was removed at dissection, we were 
struck by the appearance of the membranes because 
they appeared as a solid sheet of white silicone covering 
the fetus. After separation along their natural planes, 
the amniotic and chorionic membranes were covered by 
fine silicone rubber-filled vessels, whereas the allantoic 
membrane was avascular. The small vessels perfusing 
the chorionic membrane originated from two sources: 
(1) small branches of the large conduit vessels that 
supplied the cotyledons and (2) small vessels emanating 
from the margins of the cotyledons. The vessels that 
perfused the amnion originated only from the large 
conduit vessels. 

By visual inspection we detected no consistent re- 


gional differences in the vascular filling of either the 
amnion or chorion, with one exception. The exception 
was that, in the younger fetuses, the chorion contained 
no vessels at the most distal tips of the allantochorion. 
At some time before approximately 100 days’ gestation, 
the junction of the avascular and vascular segments of 
the chorion constricted so that the avascular segment 
was excluded, with partial degeneration of the avascular 
tip occurring thereafter. 

Photomicrographs of the amnion, amniochorion, and 
allantochorion are shown at different magnifications in 
Figs. 1, 2, and 3, respectively. The appearance of the 
allantochorionic vessels was essentially identical to 
those of the amniochorionic vessels, as seen by compar- 
ing Figs. 2 and 3. Although not explored in detail, the 
diameter of the smallest vessels (i.e., the capillaries) in 
the amniochorion and allantochorion averaged 7 to 10 
um in diameter. The pattern of the capillary network 


was dramatically different in the amnion compared with 
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Fig. 2. Photomicrographs of blood vessels of ovine amniochorion after injection of white silicone into 
both umbilical arteries. (Original magnifications: A, 9.7; B, X27; C, x67. Vertical edges of 


photomicrographs: A, 1050 um; B, 375 um; C, 150 


the chorion, as seen by comparing the amniotic (Fig. 1) 
and chorionic (Figs. 2 and 3) blood vessels at the same 
magnification; that is, the length of individual capillar- 
ies and the distance between capillaries was much 
greater in the amniotic vessels than in the chorionic 
vessels. 

The appearance of portions of the membranes when 
silicone filling was incomplete can be seen in Figs. | 
through 3. In none of the nine animals did we find 
vascular filling complete in all areas in all membranes. 
In two animals filling of the amnion was so poor that no 
samples were taken for image analysis, although blood- 
filled vessels were visible. In addition, in virtually all of 
the animals the samples of the amniochorion lacked 
filling of the amniotic vessels although the vessels were 
visible under the light microscope. The latter occurred 
in part because we used the filled portions of the 
amnion for samples of the amniotic membrane. 

The developmental changes in the percent of the 


um.) 


surface area of the three types of membranes that were 
occupied by blood vessels are shown in Fig. 4. There 
were no statistically significant differences in the per- 
centages at any given age for the amniochorion com- 
pared with the allantochorion. However, at all gesta- 
tional ages the vessels of the amnion occupied a signif- 
icantly smaller percentage of the surface area than 
those on the chorionic surfaces. Further, when analyzed 
with regression techniques there were no significant 
changes in the percent of the surface area of the 
amniochorion or allantochorion with gestational age. 
However, there was a significant decrease for the am- 


nion (p = 0.0083) from approximately 30% of the total 
surface area at midterm to 17% at 142 days’ gestation. 

To provide a perspective of the above information, 
the total surface area of the blood vessels in the mem- 
branes was expressed both in absolute terms and rela- 
tive to fetal weight. From Fig. 5 it can be seen that the 


developmental increases in the surface area of the 
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Fig. 3. Photomicrographs of blood vessels of ovine allantochorion after injection of white silicone 
into both umbilical arteries. (Original magnifications: A, x 9.7; B, x27; C, x67. Vertical edges of 
photomicrographs: A, 1050 pm; B, 375 wm; C, 150 pm.) 


blood vessels in the membranes is dramatic, increasing 
roughly tenfold over the latter two thirds of gestation 
for the chorion (i.e., from 678 cm” at 58 days to 6860 
cm? at 142 days) and eightfold for the allantochorion 
(increasing from 412 to 3260 cm’). For the amnion 
vessel surface area at 142 days (1300 cm”) was only 2.5 
times that at 68 days. 

Relative to fetal weight, the opposite changes occur 
with advancing gestation; that is, the weight-normalized 
surface areas decrease by about tenfold for all mem- 
branes (Fig. 6). For example, the blood vessel surface 


area within the chorion decreased from > 15 cm*/gm of 


fetal weight before midgestation to around 1.5 cm*/gm 
at term. The area of the microvessels on the amnion 
decreased from 6 to 0.27 cm*/gm over the same time 


period. 


Comment 

In this study we found that there is an extensive 
network of microscopic blood vessels within the ovine 
chorion, whereas the allantois is avascular. This is in 


agreement with previous reports that the ovine chorion 
but not allantois is vascularized.*'’ We also found that 
the ovine amnion and chorion are not fused along 
much of their interface and are readily separated by 
gentle retraction. With this separation procedure it is 
clear that both of the resulting membranes contained 
an extensive network of blood vessels. This is in agree- 
ment with previous statements that the amnion is vas- 
cularized™ '° and is consistent with our surgical obser- 
vations. However, it was also clear that, after separation 
from the chorion, the amniotic membrane could be 
separated into two membranes, the inner avascular 
amnion and an outer vascularized membrane.'” Thus, 
in agreement with Wintour et al.,” the ovine amnion is 
not truly vascularized in the sense that blood vessels do 
not run within the connective tissue just below the 
amniotic ectodermal epithelium. However, because the 
outer surface of the amnion is covered by a vascular 
layer when the amnion and chorion are separated along 
their natural planes and because the structure of the 
resulting amniotic and chorionic vessels differ rather 
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Fig. 4. Developmental changes in percent of surface area of 


amnion, amniochorion, and allantochoricn that was covered 


by microvessels. 


dramatically, we will consider the amnion to be vascu- ` 
larized for the purpose of this report. Thus the ovine. 


amnion and chorion are both exposed to extensive 


vascular networks of microscopic blood vessels whereas 


the allantoic sac is avascular. Embryologically, the am- 
nion and chorion derive their vasculature from the 
allantoic mesoderm (1.e., the primitive allantoic vascu- 
lature), although the growing allantoic sac does not 
form blood vessels."” 


The differences in exposure to fetal microvessels of . 


the amnion versus the allantois may influence the rate 
of exchange of water and solutes in the amniotic versus 
allantoic fluids with fetal blood. A more rapid absorp- 
tion into the fetal bloodstream may be expected for 
substances in the amniotic compartment because of the 
perfusion of the amnion by fetal blood. This specula- 
tion is consistent with our observation that a mild fetal 
hemolysis occurs after injection of distilled water into 
the amniotic compartment” but not after an equivalent 
injection into the allantoic compartment (unpublished 
observation). 


Although both the amnion and chorion were vascu- | 


larized, the microvessels in these two structures were 
dramatically different. As seen by comparing Fig. 1 with 
Figs. 2 and 3, the chorionic microvessels were much 
more extensive than the amniotic ones in that the 
capillaries are more numerous, closer together, shorter 
in length, and cover a larger fraction of the membrane 
surface area. Thus the chorion may be expected to have 


a greater exchange capacity than the amnion. Further, - 


when the amniochorion is compared with the allanto- 
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Fig. 5. Total surface area of blood vessels on amnion, allan- 
tochorion, and chorion as function of gestational age. 
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Fig. 6. Total surface area relative to fetal weight of blood 
vessels on amnion, allantochorion, and chorion as function of 
gestational age. 


chorion, there were no differences in the ‘morphologic 
features of the blood vessels within. these different 
regions of the chorionic membrane. Thus the vascular- 
ity of the.chorion does not appear to depend on 
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whether it contacts the amnion or the allantois. This is 
supported not only by the microscopic appearance of 
the microvessels but also by the observation that the 
percent of the chorion that is covered by microvessels 
was not different for the amniochorion compared with 
the allantochorion (Fig. 5). The single exception to this 
similarity of the vascularity of the amnicchorion and 
allantochorion was that the avascular tips of the chorion 
occurred only in conjunction with the allantois and at 
the most distal tips of the uterine horns. The signifi- 
cance of these avascular regions of the chorion is 
unknown, although Mossman”? described them as “un- 
dilated” ends of the chorion that were not filled by the 
primitive allantoic vasculature. | 

Although Fig. 4 demonstrates what might be consid- 
ered to be developmental differences in the relative 
surface area of the chorionic membrane that is covered 
by microvessels, we believe these differences for the 
chorion are most likely caused by variations in vascular 
filling rather than true developmental differences. We 
interpret the data of Fig. 4 to suggest that if complete 
vascular filling could be achieved then approximately 
50% of the surface area of the chorion would be covered 
by microvessels throughout the last two thirds of gesta- 
tion. In contrast, there was a significant decrease with 
gestational age in the percentage of the suface area of 
the amnion that was covered by microvessels, as deter- 
mined by regression analysis. This most likely repre- 
sents a true decrease. However, because the total sur- 
face area of the amniotic vessels increased with gesta- 
tional age (Fig. 5), the decrease in the percentage can 
be attributed to a growth of the amniotic microvessels 
that is less than the growth of the area of the amniotic 
membrane as gestation proceeds. 

Another new aspect of the current study is that blood 
vessel surface area within the membranes relative to the 
size of the fetus decreases dramatically as gestation 
progresses. As seen in Fig. 6, before midgestation there 
is >15 cm’ of microvessel surface area in the chorion 
and 6 cm’ of vessel area on the amnion for each gram 
of fetus. As term approaches these decrease exponen- 
tial to roughly 1.5 cm?’ for chorionic blood vessels and 
0.3 cm? for amniotic blood vessels per gram of fetus. 
The significance of these numbers is that the fetal blood 
would be expected to have a much greater influence on 
amniotic composition, and vice versa, earlier in gesta- 
tion than later in gestation. This is consistent with 
previous observations that amniotic fluid has a compo- 
sition similar to plasma before midgestation, whereas 
amniotic osmolality and ion concentrations fall progres- 
sively thereafter until term,’* “° especially as urine ex- 
cretion becomes more extensive. 

A further comparison is with the placenta. From the 
calculations of Faber and Thornburg,” the term ovine 
placenta has a vascular surface area of approximately 
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31 cm’/gm of fetal weight. The surface area of the 
microvessels of the term chorion is 5% of this value. In 
our recent studies* we found that the filtration coeff- 
cient of the amniochorionic portion of the intramem- 
branous pathway to be 5% of that of the placenta. Thus 
the exchange capacity of the microvessels in the mem- 
branes may be the same as in the placenta relative. to 
surface area. 

Although from our surgical experiences we were 
aware of the presence of the fetal blood vessels that 
perfuse the ovine membranes, we were nonetheless 
amazed to find such extensive vascular networks of 
microvessels. For example, by assuming that the vessels 
are circular in cross section, the total surface area of the 
blood vessels in the chorion would be equivalent to 
> 150% (i.e., 50% x 3.14159) of the total surface area 
of the chorion. For the amnion at midterm, the total 
blood vessel surface area is approximately 100% (i.e., 
30% X 3.14159) of the total area of the amnion, and 
this decreases to roughly 50% at term. The importance 
of these numbers resides in the fact they represent the 
surface area that is potentially available for exchange of 
water and solutes directly between fetal blood and the 
amniotic and allantoic fluids. Clearly, there is a tremen- 
dous potential for such exchanges to occur by both 
diffusion and convection. Previous observations" * * that 
there is rapid entry of substance into the fetal circula- 


‘tion after injection into the amniotic fluid in fetuses 


with esophageal ligation suggests that under normal 
conditions this component of the intramembranous 
pathway is an important and potentially dominant 
determinant of amniotic composition. 

It might be argued that we have overestimated the 
extent of the membranous vascular networks because 
our analysis used tissues that had the more extensive 
filling. Although this might be possible if there were 
nonuniformities in the distribution of the blood vessels 
on the membranes, we believe that the opposite is true; 
that is, because vessel distribution appeared uniform, 
we may have underestimated the actual surface area 
because the unfilled vessels were so extensive. In many 
of the photomicrographs used for vessel surface area 
determinations, we observed unfilled vessels occupying 
up to perhaps half the vessels present. Because of this, 
the current data are offered as a first estimation rather 
than the final word concerning the question of extent of 
the vascularity of the ovine amnion and chorion. 

It is clear that the procedures that we used in an 
attempt to fill the fetal blood vessels on the membranes 
with silicone rubber were not always adequate. Al- 
though the cause for the difficulty in filling the mem- 
branous vessels is unknown, we speculate that the dif- 
ficulty in filling the vessels attached to the outer surface 
of the amnion. partially may be due to anatomic factors. 
Although there were numerous large blood vessels 
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supplying the smaller microvessels in the chorion, the 
amniotic vessels were small in diameter and were 
longer, thereby possibly creating a high resistance to 
flow. Further, filling difficulties may have risen in part 
from a massive, endocrine-mediated vasoconstriction in 
response to the euthanasia. This also raises the possi- 
bility that the previous estimate of blood flow to fetal 
chorion’ may have been significantly underestimated 
because of the acute nature of the surgical procedures. 
This possibility is supported by the observation that the 
simultaneously observed umbilical blood flow rates were 
less than those observed in chronically prepared fetal 
sheep’* * and by a recent study that found blood flow 
to the ovine membranes to be twice that reported 
previously.” In addition, we observed no difference in 
filling whether the umbilical veins were intact or 
transected. Thus the procedures required to achieve 
complete filling of the amniotic and chorionic vessels 
are unknown at the present. 

In summary, there are five primary findings of this 
study: (1) The ovine chorion and outer surface of the 
amnion are covered by extensive networks of micro- 
scopic fetal blood vessels; (2) the chorionic network is 
more extensive than the amniotic, in that the capillaries 
are more numerous, closer together, and shorter in 
length, and they cover a larger fraction of the total 
membrane suface area; (3) the fractional surface of the 
chorion covered by blood vessels may remain relatively 
constant at 50% over the last two thirds of gestation, 
whereas that of the amnion decreases from approxi- 
mately 30% to 17% over the same time period; (4) the 
total surface area of the blood vessels in the membranes 
increases roughly tenfold over the last two thirds of 
gestation; (5) the surface area of the blood vessels 
relative to fetal weight decreases roughly tenfold over 
this same time period. 
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Increased lymphatic pumping ability in pregnant ewes 


Guillermo J. Valenzuela, MD, Samuel Cheshier, Gabriel Hunt, and Ramona Hun 


Loma Linda, California: 


OBJECTIVE: Daily the lymphatic syster returns several liters of fluid to the systemic circulation. Unlike 
blood, lymph is pumped against a pressure gradient. Because vessels in the systemic circulation are 
hypcresponsive to vasoconstrictor hormones during pregnancy, we decided to assess whether lymphatic 


pumping ability was decreased during pregnancy. — 


STUDY DESIGN: Ten pregnant ewes were chronically catheterized in the left thoracic duct and jugular 
vein. Four days after surgery thoracic duct pumping ability was determined by measuring the lymph flow 
rate as a function of outflow pressure by varying the height at which lymph flow drains in an open-flow 


system. 


RESULTS: Lymph flow was plotted against outflow préssure, and the value at which lymph flow 
decreases is defined as the “breaking point.” The outflow pressure at which lymph flow equals zero is 
the “stopflow” pressure; this value defines the pumping ability. The pregnant ewes had a breaking point 
of —1 + 2.7 versus 14.4 + 3.0 mm Hg (mean + SD) for the nonpregnant sheep. Stopflow pressures 
were 62 + 7.3 versus 23.9 + 4.7 mm Hg (mean + SD) for the nonpregnant ewes (p < 0.05). 
CONCLUSIONS: The ability of the lymphatic system to generaie pressure is increased during pregnancy, 
but the breaking point is diminished. Alterations of lymphatic pumping ability could explain fluid retention 
under pathophysiologic conditions. (Am J Osster Gynecol 1992;167:1756-9.) 


Key words: Edema, lymphatic function, pregnancy 


Pregnancy in humans is associated with the retention 
. of several liters of fluid in the interstitium.’ In contrast 
to the systemic circulatory system, tne lymphatic system 
transports fluid against a pressure gradient. Lymph 
vessels are composed, of a series of small units that 
contract independently; the net direction of lymph flow 
is determined by internal valves. The lymphatic system 
returns roughly half of the total intravascular volume 
and protein to the systemic circulation every day.* To 
quantify the function of the lymph vessels, a number of 
workers*® have created models of the lymphatic circu- 
lation on the basis of the systemic circulation. These 
_ reports have looked at specific organs’ lymph flow by 
- means of small, high-resistance catheters and by con- 
sidering only positive pressure values. These authors 
have also conceptualized the lymphatic system as if 
lymph flows in a stream rather than in a pulsatile 
manner. To avoid some of the shortcomings of the 
methodology used in the studies mentioned above, we 
have previously assessed lymphatic pumping ability by 
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measuring the ability of the thoracic duct to pump 
lymph against different levels of outflow pressure.” ° 
The “stopflow pressure” is defined as the outflow pres- 
sure at which the lymph flow equals zero. The correla- 
tion between our functional definition and physiologic 
function has been demonstrated in both the sheep 
fetus’ and the estrogen-treated sheep.’° In this study we 
evaluated lymphatic. function during pregnancy, be- 
cause small changes in lymph flow can explain large 
amounts of interstitial fluid retention. 


Material and methods 


By means of an experimental protocol approved by 
the Loma Linda University Animal Research Commit- 
tee and in compliance with National Institutes of 
Health guidelines for animal care, 10 pregnant and 
three nonpregnant ewes were studied. The data from 
the nonpregnant ewes was pooled with that from six 
other nonpregnant animals described in a previous 
study” for a total of nine nonpregnant animals. Ewes of 
mixed western breed were obtained from a local 
breeder. Tygon catheters (inner diameter 1.27 mm) 
were placed 3 cm into the left thoracic duct, with a 10 
cm segment of the catheter used to exteriorize the 
lymph. The catheter was connected to a similar catheter 
placed in a neck vein; the femoral artery and vein were 
also catheterized. The surgical technique has been de- 
scribed in detail previously.'* ° Throughout the study 
the ewes were maintained in metabolic cages and were 
given free access to food and water. Experiments were 
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. conducted at least 4 days after surgery. The in vitro 
resistance of the thoracic duct catheter was determined 
after death to be 1.96 mm Hg/ml/min in three animals; 
because the catheter sizes were similar in all animals, we 
used this average value for all animals. Lymph flow and 
venous pressure were measured continuously as previ- 
ously described.’® The lymph was returned continuously 
into the animal’s systemic circulation through a periph- 
eral vein. 

Experimental protocol. On the day of the experi- 
ment the height of the catheter tip draining the tho- 
racic duct was randomly varied in relation to the left 
atrium between — 30, —20, ~10, 0, 10, 20, and 30 cm. 
These levels were selected on the basis of our experi- 
ments on nonpregnant animals.” ë Each level was main- 
tained for 20 minutes and then changed to the next 
randomly assigned level. After completing the study in 
the first five pregnant ewes, we realized that the preg- 
nant animals had higher outflow pressures; thus levels 
of —30, —20, 0, 20, 40, and 60 cm were used there- 
after. 

Data analysis. The mean lymph flow rate +SD and 
SEM were calculated for pregnant and the three new 
nonpregnant animals. We used only the last 10 minutes 
of the data collection period, because after changing 
the outflow pressure it took about 1 to 3 minutes for the 
lymph flow to stabilize. The outflow pressure was cor- 
rected for catheter resistance and was calculated as 
_ described by Drake et al.* The data was normalized by 
log transformation and compared by analysis of vari- 
ance for repeated measurements to the lymph flow rate 
obtained at the 0 cm level of outflow pressure. If the F 
value was significant, the means were compared with 
the Duncan multiple range test. Comparison of venous 
pressure, stopflow pressure, and breaking point values 
were performed by unpaired ¢ test. The outflow pres- 
sure at which the lymph flow started to decrease was 
determined from the graphic representation of lymph 
versus outflow pressure. The stopflow pressure (lymph 
flow = 0) was calculated from the linear regression of 
ali lymph flow values from when the values started to 
decrease. The nonpregnant animals had values for 
stopflow pressure and breaking point similar to those 
for the previously reported animals. 


Results 


The outflow pressure at which the lymph flow started 
to decrease in the pregnant animals was —1 mm 
Hg + 2.7 (SD) (n = 10), compared with 14.7 + 3.0 
(SD) mm Hg for the nonpregnant ewes (n = 9). The 
latter difference is significant (p < 0.05). The stopflow 
pressure for pregnant ewes was 62 + 7.3 mm Hg and 
23.87 + 4.7 for control animals, statistically different at 
p < 0.05. The average + SD lymph flow for preg- 
nant ewes was 0.075 + 0.022 versus 0.035 + 0.017 
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for the nonpregnant ewes, respectively (p > 0.1). The 
average + SEM venous pressure was similar for preg- 
nant and nonpregnant ewes at 6.8 + 0.1 and 8.7 + 0.2 
mm Hg, respectively (p > 0.1). The lymph flow 
rate + SD for the pregnant and nonpregnant animals 
plotted against the outflow pressures is presented in 
Fig. 1. The correlation between the outflow pressure 
and the lymph flow was r = —0.31 (p = 0.022). 

The relation between lymph flow and outflow pres- 
sure in a typical animal is presented in Fig. 2. As seen 
in the figure, there is a wide variability of individual 
1-minute lymph flow interval for each outflow pressure 
interval, but the lymph flow decreases steadily with 
outflow pressure increases. 


Comment 


The results of this study show a significant decrease in 
the “breaking point” for pregnant animals. There ts 
also a marked increase in the stopflow pressure during 
pregnancy. Together, these alterations show that’ preg- 
nancy is characterized by important changes in the 
lymphatic system that may influence fluid balance. 

Lymph flow is dependent on the Starling forces 
equilibrium at the capillary level, interstitial compliance 
and resistance to fluid flow, and the pumping ability of 
the lymphatics. Increases in venous pressure raise 
lymph flow severalfold, but blood volume expansion 
increases lymph flow far more than can be explained by 
the increase in hydrostatic capillary pressure alone.” 
We have long had an interest in studying the role of the 
lymphatic system in blood volume regulation during 
pregnancy and the factors that regulate lymph flow 
rate. In this study we have addressed the issue of 
lymphatic pumping ability during pregnancy. The de- 
crease in the breaking point, the outflow pressure at 
which the lymph flow rate begins to decrease, indicates 
that the pregnant animal has less protection against 
interstitial fluid accumulation. The venous pressure 
measured in this experiment was well above the 
~ 1 mm Hg value of the breaking point. In contrast, the 
nonpregnant ewe has a breaking point of 14 mm Hg, 
greater than the venous pressure. In fetal sheep, which 
have a relatively high incidence of hydrops, the break- 
ing point (~0 mm Hg) is also lower than the venous 
pressure (3 mm Hg).° Overall, these findings predict 
that edema will form more readily during pregnancy in 
situations that increase venous pressure. 

The finding of a decrease in the breaking point raises 
the question of the long-term effect of this phenome- 
non on lymph flow rate, especially in view of the blood 
volume expansion of pregnancy.” We recently demon- 
strated that long-term blood volume expansion in the 
nonpregnant sheep produced less of an increase in 
lymph flow than was expected from the relation be- 
tween interstitial fluid pressure and lymph flow.” In the 
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Fig. 1. Pregnant and nonpregnant ewes’ lymph flow rate + SD versus outflow pressure. Arrows, 
Breaking point for pregnant and nonpregnar:t animals. Lymph flow differences between pregnant 
and nonpregnant animals are not significant during negative outflow pressure. 
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Fig. 2. Relation between thoracic duct lymph flow and outflow pressure in one pregnant animal is 
presented for typical animal. Data represent 1-minute average during steady state. 


nonpregnant animal blood volume expansion is accom- 
panied by increases in lymph flow rate and venous 
pressure.” However, we did not find an alteration in the 
breaking point or the stopflow pressure during acute 
blood volume expansion in the nonpregnant sheep.’ 
Therefore it is necessary to postulate that this decrease 
in the breaking point during pregnancy may have a 
mechanism other than an increase in the venous pres- 
sure secondary to blood volume expansion. 


A possible explanation is a change in lymph vessel 
contractility seen in pregnancy, possibly because the 
lymphatic vessels are less responsive to vasoconstrictor 
hormones, as has been shown for the systemic vessels. ** 
Along these lines, we have previously demonstrated a 
Jower lymph flow rate response to exogenously admin- 
istered angiotensin II in the pregnant ewe as compared 
with the nonpregnant animal.” 

The association between a decrease in the breaking 
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point and fluid retention is also seen during estrogen 
administration. We have previously demonstrated that 
estrogen administration to the nonpregnant sheep is 
characterized by many cardiovascular changes, includ- 
ing an increase in blood volume and marked interstitial 
fluid retention.'° Also, acute administration of estrogen 
to nonpregnant sheep causes an increase in capillary 
filtration accompanied by a decrease in the lymphatic 
pumping ability.” This latter finding could explain the 
interstitial fluid retention seen during estrogen admin- 
istration in all species tested.’° 

The current results raise the question of whether the 
increased lymphatic pumping ability in pregnancy is 
the result of structural or hormonal changes. The 
present in vivo approach was not designed to address 
this question. Because there is an increase in capillary 
filtration during human pregnancy, as evidenced by an 
increase in intravascular Evans blue dye disappear- 
ance,’ there must also be an increae in lymph flow rate 
to maintain equilibrium between the systemic circula- 
tion and the interstitium. Whether pregnant sheep have 
increased capillary filtration or are rather able to sus- 
tain an elevation in lymph flow for prolonged periods 
with a lower breaking point is unknown. 

Unexpectedly the stopflow pressure was increased 
during pregnancy. This suggests the lymphatic vessels 
are able to pump against twice the pressure seen in the 
nonpregnant state. This finding goes against the con- 
cept proposed by Drake et al. (reviewed by Johnston"), 
that lymph flow is independent of any intrinsic pump- 
ing ability. However, those investigators measured 
lymph flow with small catheters that can generate resis- 
tances up to 200 mm Hg/ml/min. Therefore their re- 
sults may not reflect physiologic conditions. Lymph 
moves segmentally from one independent unit to the 
next, because increased volume raises the intraluminal 
pressure in one segment and triggers a contraction of 
that segment. Studies in isolated lymphangions show 
that the initial increase in pressure is caused by an 
increase in the contractile force and a moderate in- 
crease in contraction rate. Later there is a steep in- 
crease in the rate of contractions but an actual decrease 
in the contractile force.” A possible explanation for the 
increase in stopflow pressure is that lymphatic wall 
compliance rises until the nonelastic component is 
reached. Once at that volume, the pressure will rise 
rapidly and the lymph will be pumped at a higher rate 
in a manner similar to that seen in the heart. The ability 
of the lymphatics to generate higher pressures during 
pregnancy may actively help decrease fluid retention by 
compensating for the decrease in the breaking point. 

In conclusion, pregnancy in the sheep is associated 
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with significant changes in the lymphatic system. The 
increase in lymphatic pumping ability could explain the 
lack of interstitial fluid retention in the sheep in spite of 
the increase in blood volume noted during pregnancy.” 
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Prediction of fertilization in vitro with human gametes: Is 


there a litmus test? 


Sergio Oehninger, MD, James Toner, MD, PhD, Suheil J. Muasher, MD, 
Charles Coddington, MD, Anibal A. Acosta, MD, and Gary D. Hodgen, PhD 


Norfolk, Virginia 


OBJECTIVES: The objectives of this study were as follows: (1) to evaluate the relationships between 
sperm concentration, morphologic patern, motion parameters, and sperm—zona pellucida binding 
capacity and (2) to assess their ability to predict fertilization outcome under in vitro fertilization conditions. 
STUDY DESIGN: Semen samples from 44 infertile men were prospectively evaluated for density, 
morphologic pattern (strict criteria), computerized motion parameters (motility, velocity, and linearity), and 
hemizona assay (outcome expressed as hemizona assay index), and results were correlated with 
fertilization outcomes of preovulatory oocytes during in vitro fertilization. | 

RESULTS: Of all sperm parameters, morphologic pattern was the best predictor of the ability of the 
sperm to bind to the zona pellucida. Hemizona assay index was the best predictor of fertilization rate. 
Stepwise regression analysis provided a model of hemizona assay index plus motility with highest 


predictability (A? = 53.4%). 


CONCLUSIONS: (1) The influence of sperm marphologic pattern as a prognosticator of fertilization 
outcome is established in major part as a determinant of sperm binding ability to the zona pellucida; (2) 
the hemizona assay provides a robust index that is highly predictive of the potential of human gametes to 
achieve fertilization and highlights its use in infertility and contraception testing. (Am J Osstet GYNECOL 


4992°167:1760-7.) 


Key words: Sperm—zona pellucida binding, morphology, in vitro fertilization outcome 


’ Male-factor infertility remains one of the most chal- 
lenging barriers to successful (viable) pregnancy in spite 
of the application of assisted reproductive technologies. 
While some cases of male-related infertility can be 
suspected on the basis of standard evaluations before in 
vitro fertilization (IVF) or related techniques are at- 
tempted, some are unanticipated and alarming for the 
couples involved. A better way to identify and classify 
cases of sperm dysfunction would aid in prognostication 
and allow for a plan before failed or poor fertilization is 
confirmed. | 
Conventionally measured features of semen, accord- 
ing to the World Health Organization (WHO) criteria,’ 
including sperm concentration, motility, and morpho- 
logic pattern, all affect rates of fertilization in vitro and 
assisted reproductive technology outcome, as demon- 
strated in both IVF and gamete intrafallopian transfer 
(GIFT) techniques.” * The evaluation of sperm morpho- 
logic pattern by a more stringent technique (strict 
criteria)* has enhanced objectivity and decreased in- 
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traassay and interassay variations while examining this 
sperm parameter. By strict criteria, sperm morphologic 
pattern has been shown to significantly enhance the 
prediction of IVF outcome.” *° 

The assessment of sperm motion characteristics by 
computer-assisted semen analysis has also shown that 
the amplitude of lateral head displacement,’ curvilinear 
velocity,” . linearity, and straight-line velocity? are posi- 


- tively correlated with fertilization rates. However, none 


of these parameters per se can be reliably used to 
predict fertilization outcome. 

Attention has focused on bioassays of sperm-oocyte 
interactions. Among these, the hamster zona-free egg- 
sperm penetration assay constitutes a widely utilized 
heterologous test to evaluate sperm-oocyte fusion.” 
The high incidence of false-negative results and the 
marked variation in the sperm penetration assay meth- 
ods from laboratory to. laboratory are of concern when 
the test results are interpreted.'’ Admittedly, there is 


concern about the real clinical relevance of the sperm 


penetration assay; however, this bioassay especially in 
combination with the use of an acrosome reaction— 
inducing agent, still represents a valuable means by 
which sperm capacity to undergo the acrosome reaction 
and oocyte fusion can be indirectly measured.’” ™ 
Sperm—zona pellucida binding tests have increasingly 
gained attention in assisted reproductive technolo- 
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gy! The hemizona assay has been introduced and 
developed as a homologous bioassay to test for tight 
binding of human sperm to the human zona pelluci- 
da.'* This physiologic step may reflect multiple aspects 
of sperm function’* '* '* and constitutes a critical event 
- leading to fertilization and early preembryo develop- 
ment. In the hemizona assay a human oocyte is bisected 
by surgical micromanipulation, thus allowing for an 
internally controlled comparison of sperm binding 
(from a patient versus a fertile control) to matching 
hemizonae surfaces. The assay has been validated by a 
clear-cut definition of the factors affecting data inter- 
pretation (1.e., kinetics of binding, egg variability and 
maturation status, intraassay variation, ‘influence of 
sperm morphologic pattern, motility, and- acrosome 
reaction status).’''* 1518 Initial studies have shown that 
semen specimens with demonstrated failed fertilization 
or poor fertlilization rates in IVF had a significantly 
lower sperm-zona—binding ability than normal samples 
had. Therefore the hemizona assay can be used pro- 
spectively to identify patients at high risk for fertiliza- 
tion failure.'°*? 

In this study we prospectively evaluated sperm pa- 
rameters (concentration, morphologic pattern, progres- 
sive motility, velocity, and linearity of movement) and 
hemizona binding as predictors of IVF. We sought to 
understand (1) the relationship(s) among morphologic 
pattern, motion characteristics, and sperm binding to 
the zona pellucida and (2) which parameters were most 
important in predicting fertilization results and the 
means by which these parameters may affect the pro- 
cess of fertilization. Stepwise regression and cluster 
analyses were performed to statistically identify the 
best predictor and a predictive model for fertilization 
outcome. 


Material and methods 


Forty-four consecutive infertile men participating in 
the Norfolk IVF Program were prospectively evaluated. 
Their female partners either were normal or were diag- 
nosed as having a tubal factor. Patients were divided into 
two groups (normal vs abnormal semen parameters or 
male factors) on the basis of the following criteria estab- 
lished in the Norfolk leboratory?: <20 x 10° sperm/ml, 
<30% progressive motility, and/or <4% normal forms 
as evaluated by strict criteria. Semen samples, obtained 
by masturbation after 2 to 4 days of sexual abstinence, 
were studied after liquefaction was complete (<30 min- 
utes) and within } hour of collection. 

Serum morphologic pattern. Morphology slides 
were prepared for each patient and were stained by the 
quick stain technique.*® Slides were cleaned thoroughly 
with 70% ethyl alcohol before use; no more than 5 pl of 
semen was used, so the smear was as thin as possible. 
The 5 ul drop was pulled, rather than pushed, across 
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the slide to avoid reading artifactually detached heads. 


` The slides were air-dried at 37° C in a warm tray and 


then fixed for 15 seconds with Diff-Quik fixative (Diff- 
Quik, AHS del Caribe, Inc., Aguada, Puerto Rico; tri- 
arylmethane methyl alcohol 1.8 mg/L) before staining 
with Diff-Quik solution 1 (xanthene 1 gm/L in sodium 


' azide—processed buffer) for 15 seconds and then with 


solution 2 (azure A 0.625 gm/L and methylene blue 
0.625 gm/L in buffer) for 10 seconds. In between the 
fixing and each of the staining steps the excess solu- 
tions were drained from the slides with distilled water. 
The slides were read on the same day at a magnification 
of x 1000 and documented. Sperm morphologic pat- 
tern was evaluated by two independent observers, each 
counting at least 200 cells and using the strict criteria. 
This method of evaluation has an intertechnician coef- 
ficient of variation and an intratechnical variability that 
are not significant (Spearman’s rank correlation coeffi- 
cient, r = 0.8695 and 0.965, respectively” 5). 

Sperm motion parameters. Motility characteristics 
were objectively measured with an automated comput- 
erized sperm motion analyzer (Cell-Soft semen ana- 
lyzer, Labsoft, CryoResources, Ltd., New York) and 
fixed parameter settings. After the liquefied sample was 
mixed, a 5 yl aliquot of the undiluted semen was placed 
in a prewarmed (37° C) Makler chamber (Zygotek 
System, Springfield, Mass.). The chamber was posi- 
tioned on the warmer stage of the microscope (model 
MP-10DM; Opelco, Washington, D.C.), and the sperm 
image was recorded by a video camera and transmitted 
to a video monitor. The settings for the general param- 
eters were: 15 frames analyzed, 30 frames per second, 
video standard A, 12 jzm/sec minimum sampling veloc- 
ity, 150 m/sec maximum velocity, 8.0 threshold veloc- 
ity, variable threshold gray level, 1 minimum sampling 
motile, white cell color, 0.688 j:m/pixel scale, 1.0 dilu- 
tion factor, and 4 to 25 pixels call size range. These 
parameters remained constant between analyses to 
avoid bias by different settings.” 

The semen variables evaluated by computer image 
analysis included sperm concentration (10°/ml), per- 
centage of motility, velocity (micrometers per second), 
and linearity of sperm movement (straight/curvilinear 
ratio). A minimum of 200 motile sperm was analyzed 
for each specimen. For specimens with a low sperm 
concentration and/or motility (oligospermic or astheno- 


. spermic) the sperm concentration was calculated by a 


hemocytometer and the percentage of motility was 
manually corrected by use of the Makler chamber. 
Hemizona assay. Oocytes were obtained from surgi- 
cally recovered ovarian tissue, according to protocols 
already described.** Zona-intact, immature oocytes 
(prophase I) were denuded of granulosa cells and 
placed in small plastic vials containing 0.5 ml of mag- 
nesium chloride 1.5 mol/L (Mallinkrodt Chemical 
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Works, St. Louis), 0.1% polyvinylpyrrolidone, and 
Hepes buffer 40 mmol/L, and stored at 4° C for up to 
30 days. Before the assay, the desired number of 
oocytes were removed from salt storage and rinsed 5 to 
10 times. Narishige micromanipulators (Narishige, To- 
kyo) were mounted on a phase-contrast inverted micro- 
scope (Nikon Diaphet, Garden City, N.Y.) and used for 
cutting the oocytes. Detailed descriptions of the cutting 
procedure have been reported. *° | 

An aliquot of liquefied semen (0.5 ml) was diluted 
with 1 ml of Ham’s F-10 culture medium supplemented 
with 7.5% heat-inactivated human fetal cord serum. 
After centrifugation (300g for 5 minutes}, the pelleted 
sperm were washed a second time. The second pellet 
was overlayed with 0.5 ml of Ham’s F-10 medium and 
incubated (37° C, 5% carbon dioxide in air) to achieve 
a swim-up separation. After 1 hour of incubation, the 
sperm supernatant was removed and used for testing of 
hemizona binding. 

Forty-four hemizona assays were performed with 
sperm from the 44 patients and fertile controls. These 
sperm donors (controls) had previously been tested in 
the hemizona assay showing consistently good sperm- 
zona—binding capabilities.” Within our pool of donors 
used in the hemizona assay, a cutoff value or minimal 
threshold of binding has been s=atistically established to 
validate each assay for the purpose of identification of a 
poor control semen specimen and/or a poor zona. In our 
control population this cutoff value is 20 sperm tightly 
bound to the control hemizona (fertile donor).’* Y 
Therefore a single oocyte will give reliable information 
about the potential fertilizing ability of test (patient) 
spermatozoa under IVF conditions. 

In each assay sperm from an infertile patient were 
tested against a control semen sample. A 100 ul droplet 
of the sperm suspension (500,000 moule sperm per 
milliliter) was placed in a Petri dish under oil. In each 
experiment one hemizona was placed in a droplet with 
abnormal sperm, while the matching hemizona was 
incubated with a droplet of control sperm. The gametes 
were cocultured for 4 hours (37° C, 5% carbon dioxide 
in air). Each hemizona was then removed and rinsed in 
medium by pipetting five times with a finely drawn glass 
pipette to dislodge loosely attached sperm, Hemizona 
assay results were expressed in two ways: (1) absolute 
number of tightly bound sperm for patient and control 
and (2) hemizona index, calculated as the number of 
bound sperm for patient/control x 100.” 

IVF procedures. Ovarian hyperstimulation was per- 
formed according to standard orotocols, and in all cases 
at least two mature, preovulatory oocytes were insemi- 
nated with the husband’s sperm (metaphase I or 
metaphase II at the time of aspiration). In non—male- 
factor cases cocyte Insemination was performed at a 
standard concentration of 50,000 motile sperm per 
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milliliter per oocyte; when a male factor was present, if 
possible, insemination concentration was increased up 
to 500,000 motile sperm per milliliter per oocyte." 
Fertilization was diagnosed as identification of two pro- 
nuclei.16 to 20 hours after insemination. l 

Statistical analysis. Comparisons of sperm parame- 
ters and functions in the group of male-factor versus 
non—male-factor patients were performed with Stu- 
dent’s independent ¢ test and x? analysis. Relationships 
among sperm motion parameters, morphologic pat- 
tern, and zona-binding capacity were evaluated with 
Spearman’s rank-order correlation. The predictive 
value of morphologic pattern, motion parameters, and 
hemizona assay index for fertilization outcome was 
analyzed by individual contigency tables. All data were 
analyzed for normalcy of distribution. Establishment of 
the hemizona assay index that was most predictive of 
fertilization results was performed by logistic regres- 
sion. Results are expressed as mean + SE. Probability 
values <0.05 were considered significant. 

Stepwise regression and cluster analysis were used to 
identify variables that significantly contributed to the 
prediction of fertilization rate. Fertilization outcome 
was evaluated after segregation of patients in two ways: 
(1) failed (0%) versus successful (1% to 100%) fertiliza- 
tion and (2) good (265%) versus poor (<65%) fertili- 
zation rate (a value that reflects the mean — 2 SD of the 
overall fertilization rate of preovulatory oocytes in pa- 
tients with tubal, mechanical infertility and normal 
semen parameters in the Norfolk program.”! 


Results 


On the basis of the definition of male infertility 
described, 13 patients were allocated to the male-factor 
group, whereas 31 patients had semen parameters 
greater than the cutoff levels (non—male-factor group). 
Table I depicts the basic sperm parameters for these 


two groups of patients (concentration, percentage mo- 


tility, and percentage morphologic pattern; all signifi- 
cantly lower in the male-factor group), as well as 
hemizona assay results (expressed as absolute number 
of tightly bound sperm and hemizona assay index) and 
fertilization rates of preovulatory oocytes. Hemizona 
assay index results (40.1 + 10.1 vs 72.2 + 5.7, 
p = 0.01) and fertilization rate (29.0% + 0.2% vs 
75.0% + 7.4%, p = 0.001) were significantly lower in 
the male-factor group. 

The relationship between sperm parameters and 
functions and fertilization outcome was analyzed with 
two different IVF cutoff levels: failed (0%) versus suc- 
cessful (1% to 100%) and poor (<65%) versus good 
(265%) fertilization rates. Table IJ presents sperm 
parameters, hemizona assay results, and IVF outcome 
when the study population was evaluated in this man- 
ner. All sperm parameters were significantly inferior in 
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Table I. Sperm parameters, hemizona assay results and fertilization rate in 44 patients prospectively 
evaluated before IVF therapy 














Concentration 


Motility 
(x 10°/nl) 


(%) 





Morphologic 
pattern 


(%) 











Fertilization 
rate (o) 


Hemizona 
assay index 





Normal semen pa- 100.8 + 10.7 68.042.8 10.7+08 806+ 9.3 72.6 + 10.4 72.2 + 5.7 75.0 + 7.4 
rameters (n = 31) 

Male-factors (n = 13) 30.3 + 4.5 45.9 + 5.9 3.0+0.7 680+13.2 33.7+108 40.1 +10.1 29.0+0.2 

Significance pf < 0.0001 p= 0.002 p< 0.0001 p = 0.5 p = 0.02 p = 0.01 p = 0.001 


Table II. Hemizona assay results (absolute binding and hemizona assay index) according to fertilization 
rates in IVF 







Concentration 
(x 10%/ml) 


Motility 
(%) 


Failed vs successful fertilization 






Morphologic 
pattern (%) 











Fertilization 


rate (%) 


Hemizona 
assay index 





Fertility rate 265% 94.5 + 13.1 71.6 + 2.8 11.2 + 1.0 826+108 84.5 +10.9 814+44 980+ 1.2 
(good fertility) 
(n = 26) 

Fertility rate <65% 58.9 + 8.7 46.8 + 3.8 4340.7 686+48.7 27.3 + 7.3 36.3 +69 8.0 + 0.02 
(poor fertility) 
(n = 18) 

Significance p = 0.04 p< 0.0001 p< 0.0001 p= 0.5 p< 0.0001 p< 0.0001 p< 0.0001 

Fertilization rate =65% vs <65% 

Successful fertili- 91.9 11.8 6883.1 102+10 8222+95 77.8 +10.2 75.92+52 90.0 + 4.2 
zation (1%- 
100%) (n = 30) 

Failed fertiliza- 54.3 + 11.0 45.824 4.9 4.6 +10 6542126 25.4 +95 35.1 + 9.3 0 
tion (0%) (n = 14) 

Significance p < 0.04 p < 0.0001 f= 0.002 p= 0.3 p < 0.0001 p= 0.0006 p <.0,0001 


the groups with failed or poor fertilization, as compared 
with those in groups with successful or good IVF out- 
come. Hemizona assay results (both absolute tight bind- 
ing and hemizona assay index) also differed signifi- 
cantly. Fertilization rates were dramatically different 
(0% vs 90% + 4.2% and 8.0% + 0.02% vs 98% + 1.2%, 
p < 0.00001) when both threshold levels were used. 
For failed versus successful fertilization outcome, hemi- 
zona assay index results were 35 + 9.3 versus 
75.9 + 5.2, respectively (p = 0.0006); for poor and 
good fertilization rates, hemizona assay index outcome 
was 363+6.9 and 81 + 4.4, respectively (p = 
0.0001). When IVF outcome is evaluated at a 265% 
versus <65% fertilization rate and a hemizona assay 
index cutoff value of 35 (a threshold level used in 
previously published studies’) is used, the sensitivity of 
the hemizona assay was 100%, its specificity was 61%, 
the positive predictive value was 79%, and the negative 
predictive value was 100%. There were no false-nega- 
tive results. 

Comparisons of sperm parameters (concentration 
and percentage motility), hemizona assay results, and 
fertilization outcome based on percentage normal 
sperm forms in the original semen samples are shown 
in Table III. Patients were divided according to per- 


centage normal sperm forms in three categories’: <4% 
(poor prognosis pattern), 5% to 14% (good prognosis 
pattern), and > 14% (normal morphologic pattern).* ° 
Patients with poor prognosis (<4% normal sperm 
forms) had a significantly lower concentration 
(p = 0.03) and percentage motility (p = 0.002) when 
compared with that of the normal group. Additional, 
hemizona assay index results (p = 0.0003) were signif- 
icantly lower. Comparisons between the poor and good 
prognosis groups revealed significant differences for 
sperm concentration (p = 0.001), hemizona assay in- 
dex (p = 0.03), and fertilization rates (p = 0.04). Per- 
centage motility was not different. Comparisons be- 
tween the good prognosis pattern and normal group 
revealed no differences. _ 

Sperm motility patterns (percentage progressive mo- 
tility, velocity, and linearity) were related to (1) presence 
or absence of a male-factor diagnosis, (2) failed versus 
successful fertilization outcome, (3) fertilization rate 
265% or <65%, and (4) patient’s morphologic pattern 
(Table IV). The percentage motility was significantly 
lower in the male-factor group and in those cases with 
failed or poor fertilization outcome. Additionally, it was 
significantly lower in the poor prognosis pattern group 
(<4% normal forms). Sperm velocity was not signifi- 
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Table III. Sperm parameters, hemizona assay results (absolute binding and hemizona assay index), and 
fertilization rates according to morphologic classification 









Motility 
(%) 


Concentration 
(x 10°/ml) 






Morphologic 
pattern (%) 





Normal morpho- 16.3 + 0.3 89.0 + 18.57 
logic pattern 
(> 14%) (n = 13) 
Morphologic pat- 
tern 4%-14% 
(good prognosis) 
(n = 20) 
Morphologic pat- 
tern <4% 
(poor prognosis) 
in = 11) 


7.0 +04 1091.7 + 12.5°. 


17403 29.8 +5,3 


a versus b, Significantly different. 





75.3 + 4.8? 


58.8 + 3.8? 


50.0 + 6.3? 





Fertilization 
rate 


(%) 






Hemizona 
assay index 
(HZI) 


Hemizona binding 








78.3 + 14.5% 90.3 + 17.22 82.5 + 6.1° 92.0 + 7.7 
“78.9 + 11.3% 60.7 + 12.2% 63.3 +38.5" 56.0 + 10.6 
71.3+15.57 275+7.7 39,2 + 9.9 


34.0 + 13.6 


Table IV. Motion parameters and their relationship to fertilization rates and sperm morphologic pattern 


Progressive Curvilinear 
motility (%) velocity (um/sec) 


Linearity 
Male factor (n = 13) 45.9 + 5.9 38 + 3 6 + .3 
Non—male factor (n = 31) 68.0 + 2.8 4442 TE] 
Significance i p = 0.01 NS NS 
Failed fertilization (n = 14) 45.3 +4 4.9 34 + 3 52 4 
Successful fertilization (n = 30) 68.3 + 3.1 43+ 2 Tl 
Significance p = 0.001 p = 0.01 NS 
Fertilization rate <65% (n = 18) 46.3 + 3.8 3443 6+ 2 
Fertilization rate 265% (n = 26) 71.5 + 2.8 44+] 8+ 2 
Significance p = 0.03 p = 0.0004 NS 
"Poor prognosis pattern (n = 11) 50.9 + 6.3 40 + 3 6+ 3 
"Good" prognosis pattern (n = 20) 58.3 + 3.8 40 + 2 322 
Normal morphologic pattern (n = 13) 75.3 + 4.8 43 + 2 i= 2 
Significance p = 0.05 NS NS 


NS, Not significant. 


Table V. Prediction of sperm~zona pellucida binding capacity and fertilization rate by different 
sperm parameters i 





rphologic Hemizona 
Sperm—zona r = 0.29 r= 0.29 r = 0.23 r = 0.23 r= 0.5 — 
Pellucida binding (hemizon p = 0.05 p = 0.21 p = 0.21 p = 0.19 p = 0.001 — 
assay index) 
Fertilization rate r= 0.3 r= 0.62 r= 0.54 r= 0.13 r = 0.56 r= 0.6 
p = 0.02 p = 0.0001 $ = 0.001 p = 0.4 p = 0.0001 p = 0.0001 


cantly different in male-factor versus non—male-factor 
patients. It differed significantly, however, in patients 
with failed or poor fertilization rates (p = 0.01 and 
p = 0.0004) as compared with successful or good IVF 
outcome.: Linearity was not significant in any of the 
comparisons. 

The correlations between. hemizona assay index and 
sperm parameters were evaluated with Spearman’s 
rank-order test (Table V). Velocity and linearity were 


not significantly related to hemizona assay index. The 
relationships among sperm parameters, hemizona assay 
results (hemizona assay index), and fertilization rates of 
preovulatory oocytes under IVF conditions (Spearman's 
test) are also shown in Table V. Stepwise repression 
analysis for the prediction of fertilization rate showed 
that of hemizona assay index, motility parameters, mor- 
phologic. pattern, and concentration, hemizona assay 
index was the most predictive parameter (R? = 40.4%). 
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Fig. 1. Cluster analysis of hemizona assay index and fertilization rate, A, Good fertilization; B, poor 


fertilization; C, false-positive hemizona assay index. 


Adding motility to the model increased the predictive 
power to, R? = 53,4%. No other variables significantly 
enhanced the prediction of fertilization rate. To identify 
the most statistically valid hemizona assay index predic- 
tor of fertilization rate, logistic regression analyses were 
performed. For the clinician to distinguish cases of 
failed fertilization (0% fertilization) from successful fer- 
tilization (21%), the’ most valuable hemizona assay 
index range was 35 to 40 (nine classification errors 
among 44 observations). For the prediction of good 
versus poor fertilization rate (265% vs <65%) a 
hemizona assay index ranging from 35 to 40 was also 
the best predictor (seven errors among 44 observations) 
(Table VI).. For a fertilization rate cutoff level of 65%, 
cluster analysis of hemizona assay index versus fertili- 
zation rate showed a clear-cut separation of groups into 
three categories: group A (good fertilization and good 
hemizona assay index, 26/33 patients); group B (poor 
fertilization and poor hemizona assay index, 11/11 
patients); group C (false-positive results, 7/33 patients) 
(Fig. 1). Although percentage progressive motility sig- 
nificantly correlated with fertilization rate, cluster anal- 
ysis failed to demonstrate a valid threshold level able to 
separate groups with different fertilization outcomes. 


Comment | 

Prediction of the potential of human gametes to 
achieve fertilization under in vitro conditions has been 
a major goal of assisted reproductive, technology. 
Sperm morphologic pattern (as evaluated by strict cri- 


Table VI. Overall predictive value of 
hemizona assay considering cutoff 
hemizona assay index of 35% 













Failed vs Poor vs 
. Predictive successful good 
value fertilization fertilization 





True-positive 27 26 
False-positive 6 7 
False-negative 3 0 
True-negative 8 Il 





teria)'and sperm-zona—binding capacity (as evaluated 
by the hemizona assay index) are excellent predictors of 
IVF success or failure.* * 1 '* 7! Our current observa- 


‘tions with powerful statistical correlations demonstrate 


the clinical value of the critical assessment of these 
sperm features and functions. 

Of the classic sperm parameters, sperm morphologic 
pattern was the best predictor of the ability of sperma- 
tozoa to bind to the zona pellucida. Patients with a poor 
prognosis pattern (severe teratospermia, <4% normal 
sperm forms) have an impaired capacity to bind to the 
zona under hemizona assay conditions,'* '* ? and this 
finding correlates well with their low IVF rates under 
standard conditions.” ° However, increasing the insem- 
ination concentration in the hemizona assay enhances 
binding in teratospermic patients"; this corrective mea- 
sure can be used in IVF to enhance fertilization rates in 
these patients. ` 
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There is a clear-cut relationship between these two 
sperm parameters. Previously, we reported that semen 
samples with a poor prognosis pattern had significantly 
poorer velocities and lower recovery rates after swim-up 
separation of the motile sperm fraction as compared 
with those of normal semen sampes.” Abnormal sperm 
morphologic pattern is associated with an impaired 
capacity to achieve tight binding to the zona pellucida, 
and dyskinetic deficiencies are also present in these 
sperm populations. 

Because sperm morphologic pattern is the best pre- 
dictor of sperm binding to the zona pellucida, the 
influence of morphologic pattern (as judged by strict 
criteria) seems to be established in major part through 
its effect on binding ability to the zona pellucida (mem- 
brane-receptor deficiencies?). We agree with Liu et 
al.'* '° that the ability of sperm to achieve tight binding 
to the zona pellucida may reflect multiple functions of 
human spermatozoa, and this may explain why their 
sperm-zona—binding ratio test (hemizona assay index in 
our case) was most strongly correlated with IVF results. 
Stepwise. regression analysis demonstrated hemizona 
assay index to be the most predictive parameter of 
fertilization outcome. In the current study we maxi- 
mized the discrimination potenczial of the hemizona 
assay because (1) attainment of a threshold binding 
level to the control hemizona pa:r (fertile control) was 
required, thereby reassuring a good egg-binding capa- 
bility and a good control sperm sample™ *’ and (2) only 
IVF patients having at least two mature, preovulatory 
oocytes (metaphase I or II at aspiration) were included 
in the study. 

When the hemizona assay index was removed from 
the regression analysis to identify the predictive value of 
other sperm parameters, motility was the second best 
predictor. Again, these results clearly establish that of 
the parameters analyzed the ability of sperm to bind to 
the zona pellucida is fundamental and highly predictive 
for achieving successful fertilization. We speculate that 
the relationship between sperm morphologic pattern 
and IVF results depends on an effect on zona binding. 
On the other hand, motility adds to the prediction of 
fertilizaton raté outside the prediction of the hemizona 
assay. It would appear that motility, although important 
to achieve binding, may be more important for cumulus 
penetration and zona pellucida penetration, factors not 
directly evaluated in the hemizona assay. Obviously, a 
‘model including other sperm motion parameters (1.e., 
hyperactivated motility, the ability of sperm to undergo 
the acrosome reaction, and sperm-egg fusion) may 
increase the predictability even more. Because the 
hemizona assay does not assess post—zona-binding 
functions, false-positive results are to be expected.'” '? 
However, these types of defects seem to be less fre- 
quently encountered clinically. ’® ” 
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Logistic regression analysis provided a robust hemi- 
zona assay index range predictive of the oocyte’s po- 
tential to be fertilized. Overall, for failed (0%) versus 
successful (1% to 100%) and poor (<65%) versus good 
(265%) fertilization rate, the correct predictive abilities 
(discriminating powers) of the hemizona assay were 
80% and 85%, respectively. The information gained 
here may be extremely valuable for counseling patients 
in the IVF setting (i.e., for a hemizona assay index 
<35% the chances of poor fertilization are 100%, 
whereas for a hemizona assay index = 35% the changes 
of good fertilization are 81%). 

The analysis of conventional semen parameters with 
emphasis on sperm morphologic pattern (as judged by 
strict criteria) and motion characteristics (evaluated by 
computer-assisted semen analysis) constitutes the first 
obligatory step for a critical evaluation of male factor 
patients. Although there is a link between computer- 
assisted semen analysis and fertilization results, the use 
of this method and its possible advantage for clinical 
medicine and patient management are still unproved. 
For the clinician characteristics such as discriminating 
power and positive and negative predictive power are 
more meaningful than correlation coefficients.” Pa- 
tients in whom fertilization disorders are suspected 
should be evaluated through bioassays of sperm func- 
tion of established accuracy. The hemizona assay, a 
bioassay of spérm-zona—binding capacity is here veri- 
fied to be highly predictive of IVF outcome. Ultimately, 
the biochemical and cellular mechanisms responsible 
for sperm dysfunctions need to be elucidated. 


We appreciate the assistance of Martha Wilson, BA, 
for graphic preparation and Dara Willett-Leary for her 
editorial contribution and manuscript preparation. 
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Gonadotropins enhance HLA-DR antigen expression in 


human granulosa cells 
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Washington, D.C. 


OBJECTIVES: To determine whether HLA-DR expression in the human ovary is controlled by endocrine 


or immune mediators, we examined the effects of several lectins, lymphokines, and hormones on 


granulosa cells in vitro. 


t 


STUDY DESIGN: HLA-DR antigens were detected by indirect immunofluorescence on granulosa cells 


obtained at oocyte retrieval for in vitro fertilization. 


RESULTS: When cultured with concanavalin A, pokeweed mitogen, phytohemagglutinin, interleukin-1, or 
tnterleukin-2, granulosa cells failed to express HLA-DR antigens. Both interferon ‘alfa and interferon beta 
induced only a modest expression of HLA-DR molecules (4.1% + 0.9% and 2.5% + 0.8%, respectively) in 
` comparison with the marked increasa in HLA-DR expression (25.2% + 2.8%), when granulosa cells were 
exposed to interferon gamma. The gonadotropins follicle-stimulating hormone and human chorionic 
gonadotropin alone were unable to induce HLA-DR antigens, but acted synergistically with interferon 
gamma to enhance expression in a dose-dependent manner. The addition of 0.1 and 10 !U/mi of 
follicle-stimulating hormone with .10,000 IU/ml of interferon gamma significantly increased expression by 
11.5% + 2.5% and 15.5% + 2.7%, respectively, over that of interferon gamma alone. Similarly, 1 and 

10 IU/ml of human chorionic gonadotropin produced a 7.8% + 2.0% and 12.4% + 2.2% increase in 


HLA-DR expression over baseline. 


CONCLUSION: These studies demonstrate that factors from both the immune ee endocrine systems 
can Interact to control HLA-DR expression in the ovary. (Am J Osster Gynecot 1992;167:1768-73.) 


Key words: HLA-DR antigens, granulosa cells, gonadotropins, ovary, human being 


HLA-DR molecules are hetercdimeric glycoproteins 
derived from the HLA-D region of the major histocom- 
patibility complex on chromosome 6 in human beings.’ 
These class II major histocompatibility complex anti- 
gens are normally expressed on the surface of B lym- 
phocytes, macrophages, activated T lymphocytes, 
Langerhans cells, and certain epithelial cells.” Their 
ability to bind peptide fragments of foreign proteins 
and present them to helper T cells is essential to the 
immune response.? In 1983 Bottazo et al. proposed 
that abnormal major histocompatibility complex class II 
expression in epithelial cells is a critical event in organ- 
specific autoimmune disease. Since that time specific 
genotypes of these highly polymorphic proteins have 
been shown to confer susceptibility to >40 different 
autoimmune disorders.” Additionally, patients with’ au- 
toimmune disease of the thyroid, adrenal gland, pan- 
creas, and ovary have demonstrated significantly 
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greater major histocompatibility complex class II ex- 
pression on the glandular epithelial cells when com- 
pared with controls.°° 

Ovarian expression of HLA-DR antigens is confined 
to the granulosa cells; the theca cells and oocyte are 
negative.”'' We and others have shown that interferon 
gamma is capable of inducing HLA-DR expression in 
normal human granulosa cells in vitro, supporting a 
possible role for HLA-DR antigens in autoimmune 
ovarian failure.” °? Interestingly, major histocompatibil- 


ity complex class II proteins have also been detected in 


normal human corpora lutea, where it has been sug- 


gested they may have an impact on steroidogenesis." 


Given the diverse functions proposed for HLA-DR 
antigens in the ovary, we investigated how major histo- 
compatibility complex class II expression could be con- 
trolled in human granulosa cells. We exposed granulosa 
cells obtained from in vitro fertilization to gonadotro- 
pins, follicle-stimulating hormone, and human chori- 
onic gonadotropin (hCG), and a number of lectins and 
lymphokines that stimulate HLA-DR oes in 
other epithelial cells.'*™ 


Material and methods 
Patients. Thirty-six normal ovulatory women aged 27 
to 4] years underwent controlled ovarian hyperstimu- 


_ lation with a gonadotropin-releasing hormone agonist 
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and human menopausal gonadotropins -for in vitro 
fertilization. When two or more follicles reached 2 16 
mm and estradiol was =500 pg/ml, 10,000 IU of hCG 
was administered intramuscularly. Approximately 35 
hours after hCG, transvaginal ultrasonographically di- 
rected oocyte retrieval was performed at the George 
Washington University Medical Center. The final 14 
patients entering the study were used to determine the 
effects of follicle-stimulating hormone and hCG. 

Granulosa cell recovery. After isolation of the oo- 
cytes, granulosa cells were separated from the pooled 
follicular fluid by centrifugation at 800g for 15 minutes 
at room temperature. The cell pellet was resuspended 
in RPMI-1640 medium supplemented with 10% fetal 
calf serum (Gibco BRL, Gaithersburg, Md.) and 1% 
ethylenediaminetetraacetic acid. The. cell suspension 
was layered over a Ficoll-Hypaque (Sigma Chemical 
Co., St. Louis) gradient and centrifuged at 800g for 
another 20 minutes at room temperature. The granu- 
losa cells were recovered from the Ficoll interface and 
washed three times in RPMI 1640. Cell count and 
viability were then determined by hemocytometer and 
trypan blue exclusion. . 

Cell stimulation reagents. Phytohemagglutinin, 
pokeweed mitogen, concanavalin A, and follicle-stimu- 
lating hormone (>99% purity) were obtained from 
Sigma Chemical Co. Recombinant human interleukin- 
1, interleukin-2, interferon alfa, interferon beta, and 
interferon gamma were obtained from Genzyme Corp. 
(Cambridge, Mass.). hCG was obtained from Serono 
Laboratories, Inc. (Randoph, Mass.). The cell-stimula- 
tion reagents were diluted in sterile RPMI-1640 me- 
dium to give final concentrations (in a 1:1 dilution 
with the cell suspension) of 1, 10, 100, 1000, and 
10,000 ng/ml for phytohemagglutinin, pokeweed mito- 
gen, and concanavalin A. The hCG was diluted to final 


concentrations of 0.1, 1, and 10 IU/ml, and the follicle-: 


stimulating hormone was diluted to 0.001, 0.1, and 
10 IU/ml. All other stimulation agents were diluted to 
give final concentrations of 1, 10, 100, 1000, 10,000 
units/ml. . 

Granulosa cell culture. The cell suspension was 
adjusted to 1 X 10° cells/ml in RPMI 1640 plus 5% 
ULTROSER HY and 1000 units each of penicillin and 
"streptomycin (Gibco BRL, Grand Island, N.Y.). After 
the addition of a stimulation agent, the cells were 
plated in a 1 ml aliquot into 24-well, flat-bottomed 
culture plates (Flow Laboratories, McLean, Va.). An 
RPMI-1640 medium control was added to each stimu- 
lation agent series. Immediately after plating, the cells 
were placed in a 37° C incubator and supplemented 
with 95% air/5% carbon dioxide. Preliminary studies 
demonstrated maximal stimulation of HLA-DR expres- 
sion occurring after 4 days, therefore all cultures were 
conducted for 96 hours. - 

Immunofiuorescent detection of HLA-DR expres- 
sion. The excess medium was removed from each well 
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and replaced with 250 pl of a 1: 1000 dilution of mouse 
monoclonal antibody directed against nonpolymorphic 
HLA-DR determinants, from clone L243 (Becton Dick- 
inson Immunocytometry Systems, San Jose, Calif.). The 
cells were incubated for 120 minutes at room temper- 
ature, washed three times in medium, and reincubated 
for 30 minutes at room temperature with 250 wl of 
1:300 dilution of fluorescein isothiocyanate—labeled 
rabbit anti-mouse immunoglobulin G, polyclonal anti- 
body (Sigma Chemical Co.). After the second incuba- 
tion the cells were washed five times in medium and 
examined on an inverted fluorescent microscope. Five 
hundred cells were counted in each well and the num- 
ber of fluorescent versus unstained cells recorded. 
Statistics. All data are presented as the 
mean + SEM. One-way analysis of variance with Dun- 
can’s multiple range test was used to test for significant 
differences between the groups. A p value <0.05 was 
considered a significant difference between the groups. 


Results | 

Effects of lectins and lymphokines on HLA-DR 
expression. HLA-DR antigens were infrequently ex- 
pressed on granulosa cells after oocyte retrieval under 
our routine culture conditions (Fig. 1, A). All but four of 
the 36 patients demonstrated 2% or fewer cells positive 
for HLA-DR antigens. Four of the patients demon- 
strated a low basal level of expression (5% to 10%). Of 
the immune stimulants that were added to the culture, 
phytohemagglutinin, pokeweed mitogen, concavalin A, 
interleukin-1, and interleukin-2 failed to induce 
HLA-DR antigens during the 4 days of culture. Inter- 
feron alfa at 10* [U/ml induced a small but significant 
increase in HLA-DR expression (4.1% + 0.9%, 
p < 0.05 by analysis of variance, Fig. 2, A). Interferon 
beta at 10* [U/ml was a similarly weak stimulant 
(2.5% + 0.8%, p < 0.05 by analysis of variance, Fig. 
2, B). By contrast, interferon gamma proved to be a 
potent inducer of HLA-DR antigens in granulosa cells, 
significantly increasing expression in 30 of our 36 
patients (Figs. 1, B, and 2, C). In a dose-dependent 
fashion, interferon. gamma induced HLA-DR expres- 
sion from a baseline of 1.3% + 0.4% to 13.5% + 2.0% 
at 10° IU/ml, 22.3% + 2.6% at 10° IU/ml, and 
25.2% + 2.8% at 10* IU/ml, p < 0.05 by analysis of 
variance. 

Effect of gonadotropins on HLA-DR expression. To 
examine the effects of gonadotropins, granulosa cells 
were cultured in the presence of either hCG or follicle- 
stimulating hormone for 96 ‘hours with and without 


- Interferon gamma. Follicle-stimulating hormone alone 


stimulated a small, nonsignificant increase in HLA-DR 
molecules. The results shown in Fig. 3, A, demonstrate 
that costimulation with follicle-stimulating hormone 
and interferon gamma’ resulted in a significant dose- 
dependent enhancement of the proportion of granu- 
lesa cells expressing HLA-DR antigens. The greatest 
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Fig. 1. Immunofluorescence staining for HLA-DR antigens in human granulosa cells grown in a 
monolayer for 96 hours. A, 2% cf granulosa cells positive for HLA-DR antigens when no stimulants 
are added. B, 25% of granulosa cells positive for HLA-DR molecules when cultured with 100 IU/ml 
of interferon gamma. (Original magnification x 400.) 


effects are seen at the highest concentration of follicle- 
stimulating hormone (0.1 and 10 IU/ml) in combina- 
tion with =100 IU of interferon gamma. Because the 
induction of HLA-DR expressior. by follicle-stimulating 
hormone alone was very low (1.3% + 0.3% at 10 
IU/ml), the combined effects of follicle-stimulating hor- 
mone and interferon gamma were synergistic and not 
merely additive. 

The pattern of stimulation by hCG shown in Fig. 3, B, 
is similar to that of follicle-stimulating hormone. In the 
absence of interferon gamma, hCG produced a nonsig- 
nificant increase in HLA-DR antigens. A significant 
dose-dependent enhancement of HLA-DR expression 
is demonstrated at the highest concentrations of hCG (1 
and 10 IU/ml) in the presence of 100 to 10,000 [U/ml 


of interferon gamma. Because the proportion of cells 
positive for HLA-DR antigens with costimulation is 
greater than the sum of the two factors alone, hCG and 
interferon gamma appear to act synergistically. The 
intensity of HLA-DR staining produced by costimula- 
tion, however, was not consistently different from that of 
interferon gamma alone. 


Comment 


Our study demonstrates that human periovulatory 
granulosa cells express HLA-DR antigens infrequently 
but HLA-DR expression can be induced by interferons. 
Both follicle-stimulating hormone and hCG synergize 
with interferon gamma to enhance HLA-DR expression 
in granulosa cells. The lectins concavalin A, phytohem- 
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Fig. 2. Percentage of human granulosa cells positively stained for HLA-DR antigens by indirect 
immunofluorescence. The cells were grown in monolayer for 96 hours with varying concentrations of 
interferon alfa (A), interferon beta (B), and interferon gamma (C). Bar, Mean + SEM of separate 
experiments with granulosa cells from 36 different patients; asterisk, significant differences between 


groups by analysis of variance, p < 0.05. 


agglutinin, and pokeweed mitogen have been shown to 
induce HLA-DR molecules in thyroid epithelial cells,” 
but we were unable to induce expression in granulosa 
cells with these agents. Similarly, interleukin-1 and 
interleukin-2 failed to induce HLA-DR expression in 
these cells, although Tabibzadeh et al. have shown 
interleukin-] to be capable of inducing HLA-DR anti- 
gens in a human endometrial carcinoma cell line. Al- 
though interferon alfa does not enhance HLA-DR ex- 
pression in most cell lines,” it did show a small but 
significant increase in expression in granulosa cells. 
Interferon beta, somewhat more effective in other cell 
types,” produced only a modest increase in our system. 
As in many other cell types, interferon gamma proved 
to be the most potent inducer of HLA-DR antigens in 
human granulosa cells, significantly increasing expres- 
sion at concentrations from 100 to 10,000 IU/ml. Sim- 
ilar levels of interferon gamma are produced by acti- 
vated T lymphocytes in vitro, and patients with au- 
toimmune disease may have serum levels of interferon 
gamma > 100 IU/ml.” 

The ability of interferon gamma to stimulate HLA- 


DR expression in granulosa cells supports a mechanism 
for autoimmune ovarian failure analogous to that pro- 
posed by Bottazzo et al.* for autoimmune thyroid dis- 
ease. The initiating event could be a viral infection in 
the ovary that leads to an activation of T lymphocytes, 
which produce interferon gamma. Interferon gamma 
would then induce abnormal HLA-DR expression by 
granulosa cells, causing a presentation of ovarian au- 
toantigens to helper T cells, thereby initiating an au- 
toimmune response against the ovary. 

In the thyroid gland the stimulation of major histo- 
compatibility complex class II expression has been 
shown to be more complex, possibly involving thyroid- 
stimulating hormone and tumor necrosis factor as ad- 
ditional mediators."* °° Our results demonstrate that 
gonadotropins may play an important modulatory role 
in the ovary as well. Neither follicle-stimulating hor- 
mone nor hCG alone were able to induce HLA-DR 
molecules in granulosa cells, but both synergized with 
interferon gamma to enhance expression in a dose- 
dependent manner. Todd et al.'* pointed out that 
immunologic phenomena often require a two-mediator 
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Fig. 3. Detection of surface HLA-DR molecules by indirect immunofluorescenze on granulosa cells 
cultured (A) with cr without interferon gamma or follicle-stimulating hormone and (B) with or without 
interferon gamme or hCG. Results plotted represent mean + SEM of separate experiments with =; 
granulosa cells from 14 different patients. A significant increase in expression was again noted for 100 

to 10,000 IU/ml interferon gamma at all concentrations of follicle-stimulating hormone and hCG (not 
indicated by asterisk). Asterisk, Significant synergistic effect for follicle-stimulating hormone seen at 0.1 

and 10 [U/ml in combination with 100 to 10,000 IU/ml interferon gamma; major synergistic effect of 
hCG occurs at 1.0 and 10.0 IU/ml; p < 0.05 by analysis of variance. 


signal for optirnal induction. In the ovary such a mech- 


anism might explain why the physiologic stimulation of | 


major histocompatibility complex class II expression 
seen in the corpus luteum” results in luteolysis and why 
the pathologic expression of HLA-DR antigens leads to 
autoimmune ovarian failure. 

The stimulatory role of gonadotropins also may have 
important clinical applications. Once the immune re- 
sponse against the ovary is initiated in patients with 
autoimmune ovarian failure, the elevated levels of fol- 
licle-stimulating hormone and luteinizing hormone that 
accompany this syndrome may perpetuate or worsen 
the autoimmune process. The stimulatory role of gona- 


dotropins might also explain why a lowering of gona- 
dotropins by estrogen replacement has occasionally 
been followed by ovulation and pregnancy.” Finally, 
this role for gonadotropins provides a theoretic argu- 
ment against the use of human menopausal gonado- 


‘tropins, which are frequently used in these patients 


without success. 

Expression of major histocompatibility complex class 
II antigens has been demonstrated in granulosa cells of 
the normal human corpus luteum by Khoury and Mar- 
shall. They observed that this expression increases as 
the corpus luteum matures and suggested that these 
antigens might be participating in the biosynthetic 
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activity of the granulosa-lutein cells. An equally plausi- 
ble function of HLA-DR molecules would be to interact 
with the infiltrating lymphocytes to augment luteolysis. 
Although there is no direct evidence for interferon 
gamma production in the ovary, activated T cells capa- 
ble of interferon gamma secretion are present in pre- 
ovulatory follicular fluid.*’ Our findings suggest that the 
luteinizing hormone and follicle-stimulating hormone 
surges and luteal phase luteinizing hormone pulses 
could be important mediators of class IĮ expression in 
the corpus luteum. 

The cells in this system were exposed to high levels of 
GnRH agonist, follicle-stimulating hormone, luteinizing 
hormone, hCG, and estradiol before their retrieval, 
which could affect the translation of our results to 
normal ovarian physiology. Other investigators have 
reported that macrophages and lymphocytes remain in 
culture with granulosa cells after separation on a Ficoll 
gradient,” but these are easily distinguished from gran- 
ulosa cells morphologically, comprising <2% of our 
total cell population. It is possible, however, that the 
follicle-stimulating hormone or hCG might be stimulat- 
ing the release of a cytokine or other substance from 
these lymphoid cells. 

In summary, we have shown that HLA-DR expression 
in human granulosa cells is induced by interferon 


gamma. Both follicle-stimulating hormone and hCG . 


synergize with interferon gamma to enhance this ex- 
pression. To our knowledge this represents the first 
evidence of hormonal modulation of HLA-DR expres- 
sion in human granulosa cells. These observations have 
important implications for the pathogenesis and treat- 
ment of autoimmune ovarian failure. Although the role 
of HLA-DR expression in the normal ovary remains 
speculative, the ability of follicle-stumulating hormone 
and hCG to modulate that expression provides further 
mechanisms by which the endocrine and immune sys- 
tems can interact in the ovary. 


- We thank Linda Spain for help in preparing this 
manuscript. a 
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A human endometrial explant system: Validation and 


potential applications 


Donald J. Dudley, MD, Harry H. Hatasaka, MD,* D. Ware Branch, MD, 
Elizabeth Hammond, MD,’ and Murray D. Mitchell, DPhil* 


Sait Lake City, Utah 


OBJECTIVE: Our cbjective was to describe an in vitro explant system to study the regulation of 


prostaglandin production by human endometrium. 


STUDY DESIGN: Segments of late-Iuteal-phase endometrium were obtained aseptically at the time of 
endometrial sampling. The endometrium was cut into 1 mm? pieces and applied to the polycarbonate 
membrane of tissue-culture-well inserts for 12-well plates (Costar Transwell cell culture chamber inserts, 
0.4 um pore size). After placing the well inserts, culture medium was carefully applied. The explants were 
incubated at 37° C in 5% carbon dioxide in air, and the culture medium was changed daily. 

RESULTS: Electron microscopic examination and lactate dehydrogenase determinations of the explants 
revealed cellular viability for <5 days of culture. Endometrial explants responded to treatment with 
interleukin-1B and tumor necrosis factor by a concentration-dependent increase in the production of 
prostaglandin E,. Costimulation of late luteal endometrial explants with interleukin-18 (10 ng/ml) and 
progesterone (107° mol/L) resulted ii variable production of prostaglandin E,, suggesting that the 
histologic examination of the endometrium does not necessarily reflect the functional properties cf the 


endometrium. 


CONCLUSIONS: Our data show thet when used with human endometrial tissue this explant system 
maintains tissue viability and responsiveness for <5 days. This approach to explant methods is simple 
and provides a flexible model to study the regulation of the production of bioactive substances by human 


endometrial tissue. (Am J Osstet Gynecot 1992:167:1774-80.) 


Key words: Endometrium, explant culture, prostaglandin Es, progesterone 


The regulatory influences that control implantation 
in the human endometrium are not completely under- 
siood. Prostaglandins, cytokines, and growth factors 
appear to contribute to the implantation process." * 
Cultured endometrial stromal cells will produce pros- 
taglandin E (PGE,) and the cytokine interleukin-6 
after stimulation with interleukin-18,* * but in vitro 
cultures of enzymatically dispersed cells may not accu- 
rately reflect regulatory events that function in vivo. 
Therefore we have developed a human endometrial 
explant system; we report herein our validation of this 
model and potential regulatory mechanisms affecting 
PGE, production by endometr:um. 


Material and methods 


Endometrial tissue was obtained from women under- 
going late-luteal-phase endometrial sampling for infer- 
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tility or recurrent pregnancy loss; the tissue was ob- 
tained after the women gave informed consent. All 
endometrial samples were collected by using an en- 
dometrial biopsy instrument (Pipelle, Unimar, Inc., Wil- 
ton, Conn.). After collection the sample was placed in 
saline solution for transport. Under sterile conditions 
the endometrial tissue was sharply minced into 1 mm? 
fragments and placed on the polycarbonate membrane 
of Costar Transwell Inserts (Costar, Cambridge, Mass.) 
designed for 12-well plates (0.4 um pore size). A num- 
ber of tissue fragments, usually four, were placed on 
each preweighed filter, tissue weights were determined, 
and the tissue culture insert was placed into the plate 
well. Culture medium consisted of Minimal Essential 
Media (Irvine Scientific, Santa Ana, Calif.) supple- 
mented with 10% fetal calf serum (GIBCO, Grand 
Island, N.Y.) and antibiotics; 700 wl of culture medium 
was instilled into each well. This amount of culture 
medium surrounds without submerging the explant 
tissue. The explants were incubated in 5% carbon di- 
oxide in air at 37° C. 

Culture medium was changed every 24 hours after 
tissues were placed in explant culture. At the specified 
times (indicated in the Results section) the explanted 
tissues were treated with interleukin-18, tumor necrosis 
factor (R & D Systems, Minneapolis), or progesterone 
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(Sigma Chemical Co., St. Louis) in culture medium for 
24 hours. Culture supernatants were then collected and 
stored frozen until assayed. At the end of the culture 
period, the explants were collected in 0.1 N sodium 
hydroxide and sonicated; total protein was determined 
by the method of Bradford.’ 

PGE, in each supernatant was measured by radioim- 
munoassay” by using an antiserum purchased from 
Advanced Magnetics, Cambridge, Mass. From each su- 
pernatant, 10 wl was aliquotted for PGE, determina- 
tions; use of this volume resulted in values that were in 
the linear portion of the standard curve. Results are 
presented as picograms of PGE, per microgram of 
protein per 24 hours or picograms of PGE, per milli- 
gram of wet weight per 24 hours. Differences in means 
were determined with Fisher’s test squares difference or 
Student's ¢ test. 


Results 


Validation of method. In the first experiment late- 
luteal-phase endometrium was placed in explant con- 
ditions, and culture medium was changed every 24 
hours for 5 days. These supernatants were then assayed 
for lactate dehydrogenase (LDH) by using a spectro- 
photometer (Hitachi 747, Boerhinger Mannheim, Indi- 
anapolis). This method measures the rate of formation 
of NADH via increasing absorbance (340 nm) that is 
directly proportional to enzyme activity. After 24 hours 
the LDH of the culture medium was 188 IU/L. After 48 
hours of culture the LDH was 72 IU/L; after 120 hours 
of culture the LDH was 31 IU/L. These findings were 
confirmed with two different endometrial samples. The 
LDH of the culture medium was 3 IU/L. These data 
suggest that endometrium in these explant conditions 
does not undergo substantial tissue necrosis over the 
time of culture. 

Electron microscopic studies of tissue explants were 
performed as a second approach to determine the 
viability of these explanted tissues. Endometrium was 
cultured, and tissue was collected in formalin for elec- 
tron microscopy. The tissues were fixed in Karnovsky’s 
fixative and processed by routine electron microscopic 
methods.’ Sections were stained with uranyl actetate 
and lead citrate. Fig. 1 is the electron micrographs of 
human endometrial explants at the time of biopsy (Fig. 
1, A) and after 4 days of explant culture (Fig. 1, B). In 
both electron micrographs there are normal-appearing 
nuclear membranes, cell-to-cell approximation and in- 
terdigitation, tight junctions, and desmosomes. Further, 
both samples display normal-appearing cilia. These 
electron micrographs indicate that endometrial tissue 
in these explant conditions remain healthy and viable 
for 24 days after explantation. 

To determine the coefficient of variation for PGE, 
production by explants, late-luteal-phase endometrium 
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was placed in explant culture, and culture medium was 
changed every 24 hours. The supernatants were then 
assayed for PGE, by radioimmunoassay. The coefficient 
of variation (SD divided by the mean multiplied by 100) 
was then determined over 3 days of culture. For this 
experiment replicates of five from the same endome- 
trium were studied over a 3-day period. The results are 
expressed as picograms of PGE, per wet weight tissue 
per 24 hours (n = 5, mean + SEM): day 1 = 184 + 36.4 
(coefficient of variation = 19.8%), day 2 = 136.8 + 6.5 
(coefficient of variation = 4.8%), and day 3 = 
371.8 + 91.5 (coefficient of variation = 24.6%). These 
data show that the coefficient of variation for this en- 
dometrial explant averages approximately 20%, reflect- 
ing the inherent variation in this model system. Most of 
this variation is likely the result of intrinsic variability of 
the tissue. Not only is there variation in the size of indi- 
vidual explants, but the endometrial tissue is heteroge- 
neous with regard to water and protein content. 

In the next experiment increasing amounts of tissue 
were placed in explant culture conditions. Triplicate 
wells containing 1-, 2-, and 4-tissue explants (1 mm’) 
were placed in explant conditions and culture medium 
was changed daily. Endogenous PGE, production was 
then determined. On the third day of culture PGE, 
production for one explant per well (0.6 mg average 
wet weight) was 123 + 59 pg/24 hours (mean + SEM), 
for two explants per well (2.03 mg average wet weight) 
was 175 + 50 pg/24 hours, and for four tissue explants 
per well (9.62 mg average wet weight) was 339 + 70 
pg/24 hours. Linear reggression analysis revealed a 
correlation coefficient of 0.998 (y = 23.49x + 114). In- 
creasing amounts of explanted tissue thus results in a 
linear increase in endogenous PGE, production. 

Responsiveness of endometrial explants. We next 
treated the cultured endometrial explants with various 
concentrations of interleukin-18 and tumor necrosis 
factor, both stimulants of prostaglandin synthesis” °; 
then we determined PGE, production. These experi- 
ments were performed after 48 hours of culture. Fig. 2 
depicts a representative experiment showing a concen- 
tration-dependent increase in PGE, production after 
stimulation with tumor necrosis factor. Three different 
endometrial explants have been stimulated with 100 
ng/ml of tumor necrosis factor, with an average increase 
in PGE, production of 353% + 61% (mean + SEM) of 
control PGE, production. Fig. 3 is a representative 
experiment showing a concentration-dependent in- 
crease in PGE, production by endometrial explants in 
response to interleukin-18. To date, 12 different en- 
dometria have been stimulated with 10 ng/ml interleu- 
kin-18 with a prestimulation endogenous production of 
PGE, of 4.25 + 0.98 pg/g protein/24 hours (mean + 
SEM) and, in response to interleukin-16 a mean PGE, 
production of 20.8 + 4.0 pg/yg _ protein/24 hours 
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Fig. 1. Human endometrial explants at time of biopsy (A) and after day 4 (B) of explant culture. 
Normal-appearing nuclear membranes, cell-cell membrane approximation and interdigitation, tight 
junctions, desmosomes, and healthy-appearing cilia are evident in both specimens. (A, Original 
magnification X 5000; B, Original magnification X 10,000.) 


(p = 0.009; mean + SEM). These experiments reveal 
that in explant culture conditions as described above, 
human endometria respond to stimulation of prosta- 
glandin production by tumor necrosis factor and inter- 
leukin-1B in the predicted fashion. Thus explanted 
endometrium retains normal metabolic function in 
these culture conditions. 

Regulation of PGE, production from endometrial 
explants by progesterone and interleukin-1ß. We next 
used this validated explant method to evaluate the 
regulation of endometrial PGE, production by proges- 
terone and _ interleukin-18. Progesterone has been 
shown to have an inhibitory effect on PGE, produc- 
tion.'° In our experiments explants of endometrium 


after 48 hours in culture were stimulated in triplicate 
with interleukin-1B (10 ng/ml), progesterone (10 ° 
mol/L), and interleukin-18 (10 ng/ml) with progester- 
one (10° mol/L). Control wells in triplicate were in- 
cluded for each endometrium. 

Fig. 4 depicts the response of two different endome- 
trial explant cultures exposed to these conditions. As 
shown in Fig. 4, A, stimulation of the endometrium 
with interleukin-1B alone resulted in the predicted 
increase in PGE, production, and progesterone alone 
had no significant effect. Stimulation with interleukin- 
1B and progesterone resulted in a modest, statistically 
insignificant increase in PGE, production. Fig. 4, B, 
shows a different endometrium treated in the same 
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Fig. 2. PGE, production by human endometrial explants after treatment with tumor necrosis factor. 
Endometrial explants after 48 hours of culture were treated with tumor necrosis factor (10 and 100 
ng/ml). Supernatants were collected after 24 hours of incubation. These data reveal a concentration- 
dependent increase in PGE, production by endometrial explants after stimulation with tumor 
necrosis factor (n = 2, mean + SEM). 
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Fig. 3. PGE; production by human endometrial explants after treatment with interleukin-1f. 
Endometrial explants after culture for 48 hours were treated with varicus concentrations of interleu- 
kin-18. After 24 hours culture supernatants were collected and assayed for PGE,. Data reveal a 
concentration-dependent increase in PGE, production after stimulation with interleukin-1B (x = 3, 
mean + SEM). IL, Interleukin. 
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Fig. 4. Effect of interleukin-18 in presence and absence of progesterone (107° mol/L) on PGE, 


_ production by human endometrial explants. Endometrial explants were treated with interleukin-18 


alone (10 ng/ml), progesterone alone (10°® mol/L), and both interleukin-18 (10 ng/ml) and 
progesterone (107 mol/L). A, Endometrial tissue that responded to. combination of interleukin-18 
and progesterone with modest increase in PGE, production; p < 0.05 for both interleukin-18 with 
progesterone and interleukin-16 alone vs control and progesterone alone. B, Different endometrial 
tissue that responded to combination of interleukin-18 and progesterone with diminution of PGE, 
production; p < 0.01 for interleukin-18 alone vs control and progesterone alone and p < 0.05 for 
interleukin-16 alone vs interleukin-18 with progesterone. For each determination, (n = 3), mean + 
SEM. IL, Interleukin. 
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conditions. This endometrium responded to the com- 
bination of interleukin-18 and progesterone with a 
significant decrease in PGE, production. Thus far, nine 
different endometrial samples have been treated with 
these same conditions. All of these specimens have been 
histologically evaluated by one author (H.H.H.); all 
displayed histologic characteristics indicating appropri- 
ate histologic alterations consistent with the time of the 
menstrual cycle. Of these 9 endometrial samples stim- 
ulated with interleukin-1B and progesterone concomi- 
tantly, 5 endometria had inhibited PGE, production, 2 
endometria had no alteration in PGE, production, and 
2 endometria had increased PGE, production. 


Comment 


Our data indicate that human endometrium in these 
explant conditions remain viable without significant 
tissue necrosis and with appropriate tissue metabolic 
activity for =4 days of culture. Although several other 


organ explant techniques have been reported,''** this 


human endometrial explant system has several advan- 
tages. These advantages include ease of preparation, 
flexibility in application of different experimental con- 
ditions, and potential applications in understanding the 
regulation of the production of bioactive substances by 
endometrium. This explant method is relatively physi- 
ologic in that the explants are not completely sub- 
merged in culture medium and the tissue is immobi- 
_ lized on a membrane. These culture conditions are’ 
analogous to in vivo conditions in which the endome- 
trium is stabilized on a basement membrane potentially 
exposed to external stimuli. Further, only minor tissue 
processing is required without separation of glandular 
and stromal components, enabling investigation of rel- 
atively intact tissue. One potential problem with this 
method is that the orientation of the endometrium is 
not preserved, because it is difficult to determine the 
luminal portion of the endometrium by gross visual 
_ examination. Thus interactions of blastocyst and endo- 
metrium cannot be investigated with this model. 
Stimulation of human endometrial explant cultures 


with tumor necrosis factor and interleukin-18 result in’ 


the production of PGE.. We have also found that 
interleukin-18 and tumor necrosis factor will stimulate 
_ the production of the pleiotropic cytokine interleukin-6 


by endometrial explants (data not shown). Similarly, we 


have reported that interleukin-18 and tumor necrosis 
factor will stimulate the production of PGE, and inter- 
leukin-6 by term decidual cells in monolayer cul- 
- ture." "° Thus the process of decidualization does -not 
alter the responsiveness qualitatively with respect to PG 
‘ production in endometrial cells treated with these in- 


flammatory cytokines. Because the endometrium is only ' 


minimally processed for these culture conditions, our 
findings provide further evidence that PG biosynthesis 
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in endometrial cells is regulated by inflammatory cyto- 
kines in vivo. 

Our final studies show that normal late-luteal-phase 
endometrial tissue responds to stimulation with inter- 
leukin-18 in the presence of progesterone with mark- 
edly variable effects on the production of PGE,. Our 
findings are consistent with reported effects of proges- 
terone on the production of PG by endometrium in 
vitro in that diminished,’® increased,” and no alter- 
ation’ in PG production have been reported. The 
variability of the effects of progesterone on PG produc- 
tion after interleukin-18 stimulation may reflect alter- 
ations of progesterone receptor density and affinity on 
endometrial cells.’ Although our results are prelimi- 
nary and we have yet to subject abnormal luteal phase 
endometrium to these same culture conditions, our 
data suggest that histologic examination of luteal phase 
endometrial tissue does not reflect the functional char- 
acteristics of endometrium. 

In conclusion, our data show that this relatively sim- 
ple explant model of human endometrium is a valid 
approach to the study of the regulation of endometrial 
production of arachidonic acid metabolites. This model 
system should prove useful in the study of endometrial- 
derived cytokines and other bioactive substances and 
provide insight into how the production of these sub- 
stances by endometrium is regulated. 
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Effects of chronic nocturnal opiate antagonism on the 


menstrual cycle 


Robert G. Brzyski, MD, PhD, Amabel Viniegra, MD, and David F. Archer, MD 


Norfolk, Virginia 


OBJECTIVE: Opioids generally suppress gonadotropin secretion. We investigated whether chronic opiate 
antagonism would affect the occurrence or timing of menstrual cycle events. 

STUDY DESIGN: Opiate blockade was maintained in nine normal volunteers from cycle days 1 through 
13 with naltrexone. A double-blind, placebo-controlled crossover design was used. Serum estradiol and 
progesterone were measured daily. Vaginal ultrasonography was performed daily beginning cycle day 10. 
Endometrial biopsies were performed 10 to 12 days after ovulation. Nonparametric paired data analysis 


was used. 


RESULTS: No significant cifferences in the following menstrual cycle parameters were detected between 
naltrexone and placebo cycles: cycle length (25.4 + 0.9 vs 25.7 + 0.5 days), maximum follicle size 

(21.5 + 1.0 vs 20.8 + 1.1 mm), peak serum progesterone (15.8 + 1.8 vs 15.2 + 2.2 ng/ml), or integrated 
serum progesterone (108.1 + 12.8 vs 101.2 + 14.6 ng/ml/day). Histologic endometrial development was 


normal in all subjects during naltrexone cycles. 


CONCLUSION: These data suggest that naltrexone-suppressible opioid activity does not play a 
significant role in the regulation of follicular events in normal women. (Am J Opstet GYNECOL 


1992:167:1780-4.) 


Key words: Menstrual cycle, opiate antagonists, folliculogenesis, corpus luteum 
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Opioid peptides exert an inhibitory effect on gona- 
dotropin secretion.” ? The role of opioid peptides on 
menstrual function in humans and primates has been 
inferred primarily from opiate antagonist studies, par- 
ticularly with short-term intravenous infusions of the 
w-receptor antagonist naloxone. Naloxone has been 
shown to dramatically stimulate gonadotropin secretion 
in the presence of high estrogen and progesterone 
levels such as in the luteal phase.” Naloxone antago- 
nism of the inhibitory effect of opioids has alsó been 
observed in the estrogenic milieu of the late follicular 
phase.* It has been suggested that opioid peptides do 
not exert a significant effect of gonadotropin secretion 
in the early follicular phase.” * However, the sleep- 
specific suppression of gonadotropin secretion that oc- 
curs during this phase of the cycle appears to be 
mediated by opioids. The physiologic relevance of this 
suppression is unknown, but this suppression is fre- 
quently lacking in pathologic conditions characterized 
by chronic anovulation and absence of cyclic menses, 
such as in polycystic ovary syndrome.’ It has been 
suggested that the anovulatory state in polycystic ovary 
syndrome is associated with a relative deficiency . of 
endogenous opioid peptides or a relative resistance to 
opioid effects. We hypothesized that chronic antago- 
nism of opioid action during the follicular phase of the 
menstrual cycle might disrupt folliculogenesis or ova- 
rian steroidogenesis. We elected to use the orally active 
opiate receptor antagonist naltrexone (Trexan, Du- 
Pont, Wilmington, Del.) to establish and maintain 
chronic opiate blockade. This agent has been used 
clinically to reverse opioid inhibition and induce ovula- 
tion in women with hypothalamic amenorthea.” The 
specific aims of the study were to investigate the poten- 
tial effects of opiate antagonism on (1) timing and 
occurrence of follicular development and ovulation, (2) 
progesterone production through the luteal phase, and 
(3) endometrial development in the luteal phase. 


Material and methods 


The study was approved by the Institutional Review 
Board of the medical school, and informed consent was 
obtained from all volunteers. Nine normally menstru- 
ating volunteers between the ages of 21 and 35 were 
evaluated over four menstrual cycles. None had used 
hormonal medications in the 2 months before begin- 
ning the protocol. Subjects kept basal temperature 
charts and symptom diaries throughout the study. The 
first cycle was a pretreatment cycle during which ovu- 
lation was confirmed by basal temperature charting and 
midluteal serum progesterone levels >5.0 ng/ml. Sub- 
jects were also screened for anemia and occult liver 
disease (by serum liver enzyme measurements) at this 
time. There were two treatment cycles during which 
each volunteer ingested either naltrexone (50 mg 
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orally) or placebo on cycle days 1 through 13. Medica- 
tions were administered | hour before anticipated bed- 
time. The order of administration was randomized by 
the pharmacist supplying the medications and blinded 
to the volunteers and investigators. There was one 
recovery cycle between the treatment cycles. Daily blood 
samples (5 ml) were drawn during both treatment 
cycles. Vaginal ultrasonography was performed daily 
beginning cycle day 10 until follicular, collapse was 
observed. The mean diameter of, the lead follicle was 
measured Sally, as was endometrial thickness and ap- 
pearance.” Endometrial biopsies were obtained ap- 
proximately 10 to 12 days after follicular collapse and 
dated in a blinded fashion by. one of the investigators 
and an experienced pathologist according to standard 
cřiteria.™ Serum estradiol and progesterone levels were 
analyzed bv radioimmunoassay (Pantex, Santa Monica, 
Calif.). All samples from an individual were analyzed in 
the same assay. Nonparametric paired analysis was 
carried out on variables of interest, namely, cycle length 
(total, follicular, and luteal), maximal follicular size, 
integrated progesterone levels through the luteal phase 
(calculated by means of the. trapezoidal rule), and. peak 
progesterone levels. The proportion of out-of- -phase 
biopsy specimens was compared by means of Fisher’s 
exact test. p values <0.05 was considered significant. 
Data are expressed as mean + SEM. 


Results 


All subjects completed the entire study protocol. Six 
of. the subjects complained of symptoms of anxiety, 
malaise, restlessness, difficulty concentrating, or insom- 
nja during one of the treatment cycles. All such com- 
plaints were subsequently found to be associated with 
naltrexone treatment. No complaints were elicited dur- 
ing placebo cycles. Paired analysis indicated that nei- 
ther total cycle length nor follicular or luteal phase 
length were affected by naltrexone treatment. Group 
data are summarized in Table I. One subject had a 
5-day follicular phase during the naltrexone cycle, and 
one subject had a 5-day luteal phase on placebo, on the 
basis of temperature charting and ultrasonographic 
evidence of follicular collapse. Peak progesterone level 
in that cycle was 2.3 ng/ml. Because of the brevity of the 
luteal phase, no endometrial biopsy. specimen was ob- 
tained in that subject. Endometrial specimens were 
obtained in all other naltrexone and placebo cycles. 
Results are presented in Table II. Blinded review of the 
endometrial biopsy specimens by one of the investiga- 
tors and by an experienced pathologist revealed no 
effect of naltrexone on endometrial development. Only 
two specimens were read as 3 days out of phase, both in 
placebo cycles. 

As shown in Table I, two other measures of luteal 
function, namely, integrated serum progesterone and 
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Fig. 1. Serum estradiol and progesterone levels in nine normal women taking naltrexone or placebo 


on menstrual cycle cays 1 through 13. 


Table I. Effects of naltrexone on menstrual 
' cycle length and serum progesterone 


Total cycle length (days) 25.7 + 0.5 25.4 + 0.9 

Follicular phase length 13.6.+ 0.8 12.4 + 1.) 
(days) 

Luteal phase length (days) 12.1 + 0.9 13.0 + 0.5 

Peak progesterone (ng/ml) 15.2 +227 158£28 

Integrated progesterone 101.2 + 14.6 108.1 + 12.8 


(ng/ml/day) 


Data expressed as mean + SEM. 


peak progesterone levels, were unaffected by naltrex- 


one. The peak serum progzsterone levels were | 


15.2 + 2.2 and 15.8 + 2.8 ng/ml in placebo and nal- 
trexone cycles, respectively. Fig. 1 illustrates that mean 
daily serum progesterone levels through the luteal 
_ phase in naltrexone and placebo cycles were also equiv- 
alent? oe p 
Follicular phase events were zlso unaffected by nal- 
trexone. There was no differenze in the peak serum 
estradiol levels or the rate of increase in estradiol in 


‘ placebo and naltrexone cycles (Fig. 1). The maximal’ 


follicular size observed before ovulation in naltrexone 
cycles was not significantly different from that in pla- 
cebo cycles (21.5 + 1.0 vs 20.8 + 1.1 mm). Follicular 
growth rates for the 5 days before follicular collapse 
were also identical in placebo and treatment cycles, and 
endometrial thickness and pattern were similar in both 
study cycles (data not shown). There was no discernible 
effect of prior naltrexone treatment on the subsequent 
cycle on the basis of timing of ovulation and menstrual 
cycle length in the subjects’ basal temperature charts. 


eae t 


Comment 

Opioid peptides are thought to play a vital role in the 
central regulation of gonadotropin secretion, particu- 
larly in the luteal phase of the menstrual cycle.’ Opioids 
have also been implicated in the regulation of the 
timing of the midcycle luteinizing hormone surge.’* In 
the early follicular phase of the cycle, when estradiol 
and progesterone levels are low, endogenous opioids 
are still active at least ir. effecting the sleep-specific 


suppression of gonadotropin secretion.® This suppres- 


sion. phenomenon is interesting: It is not circadian but 
is specifically sleep related,'* it occurs in spite of ab- 
sence of high levels of gonadal steroids, which seems to 
be a prerequisite for other opioid effects on gonado- 
tropins, and it is absent in certain pathologic states.” " 
We speculated that disrupting this rhythmic suppres- 
sion might adversely affect menstrual cycle events. 
However, the results of this study indicate that events in 
the normal follicular phase are not influenced signifi- 
cantly by opioid actions. Peak plasma levels of naltrex- 
one are seen 1 hour after ingestion, and the dosage of 
naltrexone used in this study has been shown to com- 
pletely block the analgesic effects of morphine for 24 
hours.'* We anticipated that administration of the agent 
near bedtime would produce maximal opioid blockade 


during sleep. In spite of this design, no significant 


opioid effects could be detected. These results comple- 
ment those of Gindoff et al.'° and Remorgida et al.,"’ 
who detected no effect of long-term naltrexone admin- 
istration during the luteal phase on ovarian function in 


‘normal women. It is possible that naltrexone therapy 
h 


might have affected the subsequent menstrual cycle, 
although no effect on ovulation or cycle length was seen 
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Subject 
Ne tg 
1 28 0 25 25 0 
9 - 27 1 26 26 0 
3 24 27 3 27 27 0 
4 = = — 23 24 l 
5 23 26` 3 — — ~ 
6 26 - 28 2 25 26 l 
ji 25 26 l 27 27 0 
8 27 27 0 25 i 26 | 
9 25 25 0 26 27 l 


in the recovery cycles of those subjects who received 
naltrexone in the first treatment cycle. 

The difference in results observed between short- 
term and longer term studies of naltrexone might be 
caused by differences in receptor specificity or affinity 
between the agents. However, naltrexone has been 
shown to be more potent than naloxone at antagoniz- 
ing p receptors in vitro’® and at precipitating opiate 
withdrawal in vivo.™? It is possible that different routes 
of administration and different dosages might explain 
the differences, although the dosage of naltrexone used 
orally in this study has been shown to block the effects 


of large doses of morphine (up to 240 mg/day in | 


humans).”° Inability to generate effective levels of nal- 
trexone chronically or development of tolerance might 
also explain differences between naloxone and naltrex- 
one, although dosages of naltrexone similar to those 
used in this study have been found to effectively block 
opiate effects after weeks” or months”! of use. The side 
effects reported by 6 of the 9 subjects in naltrexone 
cycles suggest that pharmacologic effects occurred. 

We reasoned that long-term opioid antagonism 
would produce chronic disinhibition of gonadotropin 
secretion, which might disrupt events in the ovarian 
cycle. The long-term induction of an abnormal pattern 


of pulsatile gonadotropin secretion in normal women, 


- produced by the pulsatile intravenous administration of 
gonadotropin-releasing hormone, has been shown to 
induce corpus luteum insufficiency in normal women.” 
In that study central opioid inhibition was bypassed by 
direct administration of gonadotropin-releasing hor- 
mone. In the current study pulsatile gonadotropin 
secretion was not investigated. Thus it is possible that 
not all the subjects had nocturnal slowing of pulsatile 
activity or that naltrexone may not have been effective 
at reversing the nocturnal slowing. These possibilities 
require additional investigation. However, the dosage of 
naltrexone used in our study has been shown to cause a 
short-term increase in luteinizing hormone in, the early 
follicular phase.” The lack of effect of naltrexone on 
multiple menstrual cycle parameters suggests either 


that gonadotropin secretion was not materially affected 
by the opiate antagonist or that antagonist-induced 
modifications in secretion were not relevant to the cycle 
parameters measured. In summary long-term adminis- 
tration of naltrexone to normal women through the 
follicular phase had no effect on (1) follicle growth and 
ovulation, (2) luteal phase progesterone production, or 
(3) endometrial development. 
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Cocaine impairs gonadotropin secretion in 


oophorectomized monkeys 


Melin S. Cafiez, MD,* Mary H. Samuels, MD,” Michael F. Luther, MS,° 


Thomas S. King, PhD,”* and Robert S. Schenken, MD* 


San Antonio, Texas 


OBJECTIVE: Our objective was to determine whether cocaine alters gonadotropin secretion in 


oophorectomized monkeys. 


STUDY DESIGN: Oophorectomized monkeys with elevated gonadotropin levels were chronically 
cannulated to allow blood sampling every 15 minutes. Monkeys received either saline solution or 2 or 4 
mg/kg cocaine hydrochloride as an intravenous bolus. Other oophorectomized monkeys were pretreated 
with either saline solution or 4 mg/kg cocaine 2 hours before bolus gonadotropin-releasing hormone 
administration, and plasma luteinizing hormcne and follicle-stimulating hormone levels were measured 
every 15 minutes for 3 hours. Monkeys were also given either saline solution or 4 mg/kg of cocaine with 
gonadotropin-releasing hormone simultaneously, and plasma gonadotropin levels were measured every 
15 minutes for 3 hours. Serum luteinizing hcrmone and follicle-stimulating hormone levels were measured 


by radioimmunoassay. 


RESULTS: Both doses of cocaine resulted in a significant decrease in luteinizing hormone levels 
compared with controls. Follicle-stimulating hormone levels were significantly decreased only with the 4 
mg/kg dose of cocaine. There was no difference in luteinizing hormone and follicle-stimulating hormone 
responses to gonadotropin-releasing hormone in the cocaine-treated monkeys compared with saline 
solution—treated monkeys by using repeated-measures analysis of variance. 

CONCLUSION: These findings demonstrate that acute cocaine administration to oophorectomized 
primates inhibits basal luteinizing hormone—follicle-stimulating hormone secretion but not 
gonadotropin-releasing hormone-stimulated luteinizing hormone and follicle-stimulating hormone release. 
In the absence of an effect on gonadotropin-releasing hormone—stimulated gonadotropin release, we 
conclude that the impaired luteinizing hormone-follicie-stimulating hormone secretion after cocaine 
administration is due in part to a direct effect of cocaine on gonadotropin-releasing hormone neurons or 
on hypothalamic neurotransmitter modulaticn of gonadotropin-releasing hormone release. (Am J Osstet 


Gyneco. 1992:167:1785-93.) 


Key words: Cocaine, reproductive dysfunction, primates 


Cocaine abuse has become an epidemic in recent 
years.’ The use of cocaine in women of reproductive 
age has been associated with many complications of 
pregnancy, including sudden death, acute myocardial 
infarction, cerebrovascular accident, seizures, abruptio 
placentae, teratogenicity, intrauterine growth retarda- 
tion, intrauterine fetal death, neonatal addiction, sud- 
den infant death syndrome, and early childhood neu- 
rologic disorders.” * Sexual dysfunction, irregular men- 
strual cycles, and amencrrhea have also been reported 
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in nonpregnant women addicted to cocaine.*® How- 
ever, cocaine’s effects on ovarian-menstrual cyclicity and 
reproductive functions in nongravid humans or subhu- 
man primates are poorly understood. 

Preliminary data in rodents have shown that chronic 
cocaine treatment disrupts estrous cyclicity, causing 
prolonged periods of diestrus, repetitive days of estrus, 
decreased ovulation rates, and reduced luteinizing hor- 
mone (LH) levels.” This disruption of estrous cyclicity 
has recently been shown to be dose related.” Isolated 
and perfused hypothalami from rats chronically treated 
with cocaine demonstrate increased basal secretion of 
norepinephrine and serotonin and attenuated gonado- 
tropin-releasing hormone (GnRH) response to pulsed 
norepinephrine. This alteration of hypothalamic ami- 
nergic activity necessary for pulsatile GnRH release 
suggests that cocaine may interrupt estrous cyclicity by 
altering GnRH pulsatility and gonadotropin release. 

This study was conducted to assess whether cocaine 
alters gonadotropin secretion in subhuman primates. 
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Initial studies were conducted to determine whether 
intravenous cocaine administration to monkeys resulted 
in serum cocaine levels equivalent to those levels re- 
ported in humans feeling “high.” To assess whether 
cocaine altered basal or pulsatile gonadotropin secre- 
tion in primates, serum LH and follicle-stimulating 
hormone (FSH) levels were measured before and after 
saline solution or low- or high-dose cocaine administra- 
tion. To determine whether cocaine altered GnRH- 
stimulated gonadotropin secretion, saline solution or 
cocaine was given with GnRH ard serum concentra- 
tions of gonadotropins were measured. Results sug- 
gested that cocaine impairs pituitary LH and FSH 
secretion via a direct hypothalamic effect. 


Material and methods 


Animals. Long-term oophorectomized adult female 
cynomolgus (Macaca fascicularis) monkeys with elevated 
serum gonadotropin levels were studied. Weights 
ranged from 3.2 to 3.8 kg, and all monkeys had regular 
menstrual cycles before ovariectomy. Monkeys were 
free of chronic drug exposure. They were housed indi- 
vidually, provided food (Purina Monkey Chow; Ralstor. 
Purina, St. Louis) twice daily, and given free access tc 
water. Rooms were climate controlled, with light anc 
dark cycles of 14 hours light and 10 hours dark (lights 
on at 7 am, lights off at 9 pm). 

Catheterization. Monkeys were anesthetized with in- 
tramuscular injections of 10 mg/kg ketamine (Ketaset; 
Aveco, Fort Dodge, Ia.) and 2 mg/kg xylazine (Rompun; 
Mobay Corp., Shawnee, Kan.). A 20-gauge cannula was 
inserted into the external jugular vein and advanced to 
the superior vena cava. The cannula was tunneled 
subcutaneously, exiting in the interscapular area of the 
animal. A primate jacket was placed on the monkey. 
The cannula was threaded out the back of the jacket 
and through a mobile tether consisting of a flexible 
metal tube connected from the jacket to a standard- 
sized, single-channel fluid swivel.? Each monkey re- 
ceived an intramuscular injection of 300,000 IU of 
penicillin G benzathine (Bicillim; Wyeth, Philadelphia) 
postoperatively. Catheter patency was maintained by 
continuous infusion of lactated Ringer’s solution con- 
taining 2000 IU/L heparin at a rate of 0.004 ml/min. 

Blood sampling. All blood samples were collected in 
heparinized syringes after the catheter was cleared of 
infusion solution. Plasma was harvested, snap frozen in 

acetone on dry ice, and stored at ~20° C. Red blood 
cells were reconstituted with saline solution and re- 
turned to the monkeys every 2 hours. Samples collected 
for cocaine analysis were aliquoted into tubes contain- 
ing 200 ul of potassium phosphate buffer 0.05 mol/L 
(pH 5) plus sodium fluoride. All blood sampling and 

drug administrations were through the external jugular 
` catheter. i 
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Treatments. An overview of the experimental design 
and phased statistical analysis is presented in Fig. 1. 
Experiment 1. Monkeys (N = 5) were given either 2 or 
4 mg/kg cocaine hydrochloride on alternating days. 
Serum samples were drawn every 5 minutes for 15 
minutes, then every 15 minutes for 2 hours. All samples 


- were assayed for cocaine and benzoylecgonine. 


Experiment 2. The effects of cocaine on basal and 
pulsatile pituitary gonadotropin secretion were studied 


‘in: five monkeys.’ The day after cannulation, blood 


samples were collected every 15 minutes from 7 Am to 
3 pm. At 8 am 1 mi of normal saline solution was given 
to each monkey. Three or our days later blood sam- 
ples were collected every 15 minutes from 7 am to 3 pM, 
and 2 mg/kg cocaine hydrochloride was dissolved in . 
1 ml of normal saline solution was given at 8 am. After 


3 or 4 days blood sampling resumed as before, and 


4 mg/kg cocaine in 1 ml of saline solution was given at 
8 AM. 
Experiment 3. The effects of cocaine on gonadotropin 


release after exogenous GnEH treatment were studied 


in two monkeys. The day after cannulation blood sam- 
ples were collected every 15 minutes from 8 aM to 2 pM. 
One milliliter of normal saline solution was given at 
9 am, and 15 pg/kg GnRH wes given at 11 am. Two days 
later blood samples were co_lected as before, 4 mg/kg 
cocaine hydrochloride was given at 9 am, and 15 pg/kg 
GnRH was given at 11 am. This was repeated (saline 


‘solution—GnRH 1 day, no treatment 1 day, cocaine— 


GnRH 1 day) three more tmes with at least 3 days 


„between treatment regimens. 


GnRH was given ž hours after cocaine treatment to 
avoid confusion between acute cocaine stimulation and 
exogenous GnRH stimulation of gonadotropins."” 
There was no significant stimulation of gonadotropins 
after acute cocaine treatment; therefore GnRH and 
cocaine were given simultaneously in experiment 4. 

Experiment 4. The effects of cocaine and GnRH given 
simultaneously were studied in two monkeys. Blood 
samples were collected every 15 minutes from 8 am to 
noon. The day after cannulation | ml of saline solution 
and 15 pg/kg GnRH were given at 9 am. One day later 
4 mg/kg cocaine hydrochloride and 15 pg/kg GnRH 


- were given at 9 am. This treatment was repeated three 
` „more times with at least 3 days between treatment 


regimens. 

Assays. High-performance liquid chromatography 
with ultraviolet detection was used to measure plasma 
levels of cocaine: and its primary metabolite, ben- 


- zoylecgonine, in extracted serum collected in experi- 
‘ment 1. Details of the assay have been described.’ All 
‘serum samples collected in experiments 2, 3, and 4 


were assayed in duplicate for LH and FSH by radioim- 
munoassay as previously described./* "' Monkey LH 
determinations were performed with an antiserum to 
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Fig. 1. Overview of experimental design in experiments 2, 3, and 4. Phase 1 (¢ = 0 to 1 hours) served 
as baseline. Saline solution or cocaine was administered at ¢ = | hour in all experiments. Phase 2 
(¢ = 1 to 3 hours) was analyzed to assess possible acute stimulatory effects of cocaine in experiments 
2 and 3. GnRH was administered 2 hours after cocaine or saline solution (¢ = 3 hours) in experiment 
3. In experiment 4 cocaine or saline solution was administered with GnRH at ¢ = 1 hour, and the LH 


and FSH response was assessed from ¢ = 1 to 4 hours. 


ovine LH (anti-OLH No. 15, provided by Dr. G. Nis- 
wender) that cross reacts indistinguishably with rhesus 
LH. The standard was LER-M-907, and iodine 125- 
ovine LH was used as label. Monkey FSH determina- 
tions were performed with a heterologous radioimmu- 
noassay. Antihuman FSH and '*I-recombinant FSH are 
used with monkey FSH (LER-1909-2) as a standard. All 
samples for LH and FSH determinations in individual 
monkeys were performed in the same assay. The in- 
traassay coefficients of variation ranged from 4% to 12% 
for LH and from 4% to 11% for FSH. 

Statistics 

Experiment 1. The serum elimination phase half-life 
(t2) of cocaine and benzoylecgonine was calculated 
from the slopes of their first-order kinetic rates.’ - 

Experiment 2. Data were assessed in three phases on 
the basis of the elimination time of cocaine (Fig. 1). 
Phase 1 (¢ = 0 to 1 hour) was baseline. Phase 2 (t = l|-to 
3 hours) was the immediate response while cocaine was 
still detectable in the serum. Phase 3 (t = 3 to 8 hours) 
was the delayed response. Phase 1 LH and FSH levels 


were compared among monkeys by repeated-measure 
analysis of variance. During the immediate response 


. (phase 2), peak LH and FSH levels after cocaine or 


saline solution administration were compared by re- 
peated-measures analysis of covariance, controlling for 
baseline when necessary. During the delayed response 
(phase 3), LH and FSH levels after cocaine or saline 
solution administration were analyzed in two ways. 
First, gonadotropin levels were compared among treat- 
ment groups by repeated-measures analysis of covari- 
ance. Second, hormone pulses were identified by cluster 
analysis,” an objective, computer-based, pulse-analysis 
program. Variance was calculated by using of dose- 
dependent coefficients of variation calculated from 
sample replicates in each monkey’s hormone series. 
Cluster parameters were two points for test nadirs and 
one point for test peaks. The ¢ statistics were 1.0 for 
upstrokes and 1.0 for downstrokes. These parameters 


_ have been previously defined to provide optimal sensi- 


tivity and positive ‘accuracy for gonadotropin pulse . 
detection while constraining false-positive: and false- 
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Fig. 2. Experiment |. Serum concentratons (mean + SE) of cocaine and its major metabolite, 
benzoylecgonine (inset), after intravenous administration of 2 mg/kg (broken line) or 4 mg/kg (solid line) 


of cocaine to five oophorectomized rhesus monkeys. 


negative rates to 5%.'* ' Pulse frequency and ampli- 
tude were compared among groups by repeated-mea- 
sures analysis of variance. 

Experiment 3. The data were similarly divided into 
three phases: phase 1 (¢ = 0 to 1 hour) was baseline, 
phase 2 (t = 1 to 3 hours) was the immediate respcnse 
after cocaine or saline solutian administration, and 
phase 3 ( = 3 to 6 hours) was the time after GnRH 
administration. 

Phase 1 LH and FSH levels were compared between 
treatments (cocaine or saline solution) by repeazed- 
measures analysis of variance. Phase 2 peak levels of LH 
and FSH were compared by repeated-measures ana_ysis 
of covariance. Quantification of gonadotropin secretion 
after GnRH (phase 3) was estimated in two ways: first, 
by the area under the curves compared with the Stu- 
dent ¢ test, and, second, serum gonadotropin levels 


were plotted against time and analyzed with repeated- 
measures analysis of covariance. 

Experiment 4. The data were divided into two phases. 
Phase 1 (¢ = 0 to 1 hour) was baseline, and phase 2 
(¢ = 1 to 4 hours) was the time period after simulta- 
neous cocaine or saline solution and GnRH administra- 
tion. Phase 1 LH and FSH levels were compared by 
repeated-measures analysis of variance. Phase 2 LH 
and FSH levels were compared between groups by area 
under the curve and repeated-measures analysis of 
covariance. 


Results 


Experiment 1. Serum levels of cocaine and ben- 
zoylecgonine after 2 or 4 mg/kg doses are shown in Fig. 
2. Peak serum levels of cocaine and benzoylecgonine 
were 15] + 49 and 158 + 15 ng/ml (mean + SE), 


Volume 167 
Number 6 


LH (ug/ml) LH (ug/ml) 


LH (ug/ml) 





Cocaine impairs gonadotropin secretion 1789 


(ju/6A) HS4 (1/6) HS4 


(jw/5N) HS4 


Fig. 3. Experiment 2. Serum LH (solid line) and FSH (broken line) concentrations (pg/ml) in a 
representative monkey after saline solution (upper panel), 2 mgikg cocaine (middle panel), or 4 mg/kg 
(lower panel) administered intravenously at ¢ = 1 hour. Circles and triangles, respectively, indicate LH 


and FSH pulses as assessed by cluster analysis. 


respectively, after the 2 mg/kg dose. Cocaine and ben- 
zoylecgonine levels then gradually declined and were 
no longer detectable by 1 hour 45 minutes. Peak serum 
levels of cocaine and benzoylecgonine were 302 + 54 
and 211 + 31 ng/ml (mean + SE), respectively, after 
the 4 mg/kg dose. Levels then gradually decreased and 
were no longer detectable by 2 hours. The t% values for 
cocaine after the 2 and 4 mg/kg doses were 22 + 2 and 
21 + 3 minutes (mean + SE), respectively. The t'% for 
benzoylecgonine after the 2 and 4 mg/kg doses were 
37 + 7 and 29 + 2 minutes (mean + SE), respectively. 

Experiment 2. The effects of cocaine on gonadotro- 
pin secretion throughout the blood sampling interval 
are shown for one respective monkey in Fig. 3. There 
was significant variability in baseline gonadotropin lev- 
els among monkeys (p = 0.005 for LH, p = 0.02 for 
FSH). Therefore phases 2 and 3 of this experiment 
were adjusted for this baseline covariate. In phase 2 
there was no significant stimulation of gonadotropins 
after acute cocaine treatment. LH secretion in phase 3 
was significantly decreased after low-dose and high- 


dose cocaine treatment, whereas FSH secretion was 
decreased only after high-dose cocaine administration, 
as assessed by repeated-measures analysis of covariance 
(Table I}. Pulse analysis showed no effect of cocaine on 
LH or FSH pulse frequency. There was a clear trend 
toward decreased LH (p = 0.07), but not FSH, pulse 
amplitude after cocaine administration, as compared 
with saline solution. 

Experiment 3. Fig. 4 shows mean gonadotropin 
responses to GnRH in cocaine- and saline-treated mon- 
keys. There was significant variability among baseline 
gonadotropin levels (p < 0.001 for LH and FSH) dur- 
ing phase 1. This was adjusted for in phases 2 and 3. In 
phase 2 there was no significant stimulation of gona- 
dotropins after acute cocaine treatment. In phase 3 
mean GnRH-stimulated gonadotropin secretion was 
not significantly different in monkeys treated with co- 
caine compared with saline solution—treated controls. 
Repeated-measures analysis of covariance showed no 
difference in mean LH levels over time. Monkeys 
treated with saline solution had a peak LH level 
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‘Fig. 4, Experiment 3. Serum LH (upper panel) and FSH (lower panel)-responses (mean + SE) to 
intravenous GnRH (15 pg/kg) administration at ¢ = 3 hours after treatment with saline solution 
(broker. line) or cocaine, 4 mg/kg (solid line), intravenously at t = 1 hour. 


Table I. Gonadotropin secretion, pulse amplitude, and pulse frequency after saline solution or low-dose 
(2 mg/kg) or high-dose (4 mg/kg) cocaine administration 





















Mean decrease in Repeated-measures Pulse Pulse 
gonadotropins analysis of amplitude frequency 
(ug/ml) variance (pg/ml) - (pulses/3 hr) 
LH . 
Saline solution == — 4.7 £ 2.1 3.0 + 0.7 
Low-dose cocaine , 0.8 p < 0.0001 33+ 1.) 22 = 1.1 
High-dose cocaine 1.1 p < 0.0001 2,2 + 1.0 2.5 + 0.6 
-FSH | 
Saline solution '` — — 15.2) 750 24+ 1.5 
Low-dose cocaine _ . 2.7 p = 0.08 13.4 + 8.6 1.8 + 0.4 
High-dose cocaine = BAN 20% p = 0.04 12. 229.2 2.3 + 1.0 


(mean + SE) of 6.1 + 0.2 pg/ml, compared with solution had a peak FSH level (mean + SE) o: 


5.3 + 0.3 pg/ml in cocaine-treated monkeys. LH secre- 30.6 + 1.6 pg/ml compared with 33.1 + 3.0 ug/ml ir 

tion (area under the curve) was 4.7 gg/ml ’/hr™* in. cocaine-treated monkeys. FSH secretion (area unde! 

saline solution-treated, and 3.4 yg-ml”'-hr7’ in the curve) was 12:7 pg-ml~'-hr7' in saline solution- 

cocaine-treated monkeys. l treated animals and 14.1 ug ml~'+ hr™' in the cocaine 
Repeated-measures analysis of covariance showed no treated monkeys. 

difference in mean FSH levels in cocaine- and saline Experiment 4. Fig. 5 shows mean gonadotropir 


solution—treated monkeys. Monkeys treated with saline. responses to GnRH in cocaine- and saline-treated mon. 
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Fig. 5. Experiment 4. Serum LH (upper panel) and FSH (lower panel) responses (mean + SE) to 
intravenous GnRH (15 pg/kg) administration concurrent with saline solution (broken line) or cocaine 


4 mg/kg (solid line), att = 1 hour. 


keys. There were no significant differences in LH or 
FSH levels after GnRH in cocaine- or saline solution— 
treated monkeys. LH secretion (area under the curve) 
was 2.4 g>mi”’-hr~' in saline solution-treated and 
3.2 we-ml~'+hr~' im cocaine-treated monkeys. FSH 
secretion (area under the curve) was 10.5 
ug-ml-'-hr-' in saline solution-treated and 8.9 
wg*ml~'-hr-’ in cocaine-treated monkeys. 


Comment 

An important preliminary step in establishing an 
animal model to study the effects of human drug abuse 
is to demonstrate that the dose and plasma levels of the 
drug in the experimental paradigm are similar to those 
found in humans. Thus our initial aim was to establish 
the dose of cocaine necessary to mimic levels seen in 
humans: The literature reports large intersubject, vari- 
ations in metabolism of low-dose and high-dose intra- 
venous cocaine in both humans and animals.'*°° Peak 


serum cocaine levels in our oophorectomized monkeys © 


were 151 + 49 and 302 + 54’ng/ml after doses of 2 
and 4 mg/kg, respectively. These levels and the respec- 
tive calculated t2 (22 +.2 and 21 + 3 minutes) are 
similar to those reported in other studies. 


L 


To assess the effects of cocaine on basal and pulsatile 
gonadotropin secretion, we analyzed changes in hor- 
mone levels during three phases (experiment 2). Phase 
1, before cocaine exposure, served as baseline. Gona- 
dotropin levels during the first 2 hours after cocaine 
exposure, phase 2, were assessed because previous 
studies demonstrated acute increases in LH and FSH 
secretion after cocaine administration to cycling mon- 
keys." ** Phase 3 represented the delayed effects of 
cocaine, once circulating drug levels were no longer 
detectable. There were no significant changes in serum 
LH or FSH levels during phase 2. In contrast, gradual, 
significant declines in LH and FSH secretion were 
observed in phase 3. This decrease in gonadotropins 
was observed with both the 2 and 4 mg/kg doses of 
cocaine. A clear trend (p = 0.07) toward a decreased 
LH pulse amplitude was also apparent during phase 3. 

The absence of an acute stimulatory effect of cocaine 
on gonadotropin secretion in oophorectomized mon- 
keys is in contrast to previous findings in cycling mon- 
keys.” ** There are several possible explanations for 
these disparate findings. First, the doses of cocaine used 
in our study were fivefold greater than those used by 
Mello: et al.” With these doses we achieved serum 
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cocaine levels similar to those observed in humans. 
Serum cocaine levels were not reported in the other two 
studies in cycling monkeys,” ** and it remains possible 
that cocaine is stimulatory at low concentrations and 
inhibitory at higher concentrations. The use of 
oophorectomized versus intact monkeys may also be an 
important factor. The effects of siogenic amines and 
opioids on pituitary LH and FSH secretion are clearly 
modulated by ovarian steroids, and the effects of co- 
caine on gonadotropin secretion may also be modified 
by circulating estrogen and progesterone levels.” The 
techniques of blood collection ard statistical analyses 
are also crucial to the interpretation of findings. The 
use of a primate chair and ketamine anesthesia, a 
known modulator of prolactin secretion, in the previous 
studies may have had effects not apparent in chronically 
cannulated monkeys with a vest and mobile tether 
assembly.” Finally, both studies in cycling monkeys as- 
sessed changes in gonadotropin secretion within 2 
hours of cocaine exposure. Our observation of de- 
creased gonadotropin secretion 2 to 8 hours after 
cocaine needs to be confirmed in cycling monkeys. 

To assess the effects of cocaine on GnRH-stimulated 
gonadotropin secretion, we administered cocaine 2 
hours before or concurrent with GnRH. Cocaine, ad- 
ministered 2 hours before GnRH, was initially selected 
to differentiate between acute and delayed effects of 
cocaine. The lack of an effect of either cocaine treat- 
ment regimen suggests that cocameé does not directly 
impair pituitary gonadotropin secretion. Rather, the 
decrease in gonadotropin levels seen in experiment 2 
probably indicates an effect of cocaine on hypothalamic 
GnRH release. These results are again contradictory to 
the data obtained in cycling rhesus monkeys” by Mello et 
al., who reported that 0.4 mg/kg of cocaine given 10 min- 
utes before GnRH resulted in a significantly higher LH 
release as compared with either a placebo or a cocaine 
dose of 0.8 mg/kg. This may represent a dose-related 
effect whereby 0.4 mg/kg of cocaine affected gonadotro- 
pin release differently than did other doses tested. 

Although the current study suggests that cocaine’s 
major effects on gonadotropin secretion are at the 
hypothalamic level, our findings do not exclude other 
mechanisms whereby cocaine could impair reproduc- 
tive functions. For example, cocaine could affect LH 
and FSH secretion by altering prolactin concentra- 
tions.” In addition, cocaine, a potent sodium (Na”) 
channel blocker, may also have a direct suppressive 
effect on pituitary gonadotropins. GnRH-stimulated 
release of LH is dependent on Na“ channels, and Na* 
channel inhibitors have been shown to reduce GnRH- 
stimulated LH release in vitro.” These local effects 
could indirectly alter the modulatory role of other 
neurotransmitters and GnRH on‘ pituitary gonadotro- 
pin secretion. Our study in oophorectomized monkeys 
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does not address the possibility that cocaine may di- 
rectly impair ovarian sex steroid production or metab- 
olism and disrupt the integral role these hormones 
play in regulating hypothalamic neurotransmitters and 
pituitary-gonadotropin release. Although there are no 
data confirming a direct effect of cocaine on ovarian 
function, adverse effects of cocaine on reproductive 
function may be explained by changes in ovarian ste- 
roids.”° 

In conclusion, administration of 2 to 4 mg/kg of 
cocaine to oophorectomized primates results in serum 
cocaine levels that parallel those observed in human 
addicts. These doses of cocaine significantly decreased 
circulating levels of LH and FSH in our animal model. 
The absence of an effect of cocaine on GnRH-stimu- 
lated gonadotropin release suggests that cocaine may 
directly affect GnRH neurons or hypothalamic neu- 
rotransmitter modulation of GnRH release, thereby 
impairing LH and FSH secretion. 


We thank Arturo Moreno, Julie Foreman, and Donna 
Johnson for their technical assistance and Irma Garcia 
and Gretta Small for their assistance in preparing this 
manuscript. 
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Absence of the testicular determining factor gene SRY in 
XX true hermaphrodites and presence of this locus in 
most subjects with gonadal dysgenesis caused by 


Y aneuploidy 


Sandra P.T. Tho, MD,’ Eawrence C. Layman, MD,” ” Kenneth D. Lanclos, PhD, 
Leo Plouffe, Jr., MD, J. Rogers Byrd, PhD,* and Paul G. McDonough, MD" 


Augusta, Georgia 


OBJECTIVES: The purpose of our study was to discover whether the testicular determining factor gene 
SRY (sex-determining region on Y) is present or absent in XX true hermaphrodites and in subjects with 


gonadal dysgenesis caused by Y aneuploidy. 


STUDY DESIGN: We screened five XX true hermaphrodites and 24 subjects with gonadal dysgeresis 
caused by Y aneuploidy for the presence or absence of SRY. With the polymerase chain reaction 
technique, the sequence coding the 80 amino acid—conserved motif was amplified. The 0.9 kb Hinrcll 
pY53.3 subclone, which covers the cpen reading frame of SRY, serves as a probe for Southern b.ot 


analysis. 


RESULTS: Test results for all five XX true hermaphrodites were negative for SRY. Conversely, 22 of the 
24 individuals with 45,X/46,XY gonadal dysgenesis were positive for SRY, including the 10 subjects with 


only bilateral streak gonads. 


CONCLUSIONS: The absence of SRY in XX true hermaphrodites and the presence of SRY in 10 subjects 
with 45,X/46,XY constitution who harbored only bilateral streak gonads seem to indicate that muliple 
genes are involved in gonadal differantiation. (AM J OBsteT Gyneco. 1992;167:1794-802.) 


Key words: Gonadal dysgenesis, SRY gene, testicular determining factor, Y probe 


Currently the best candidate zor the testicular deter- 
mining factor gene is located within a region that is 35 
kilobases (kb) proximal to tke Y pseudoautosomal 
boundary and is named SRY for sex-determining re- 
gion on Y.-The SRY gene is defined by the probe 
pY53.3, is located approximately 8 kb proximal to the 
Y pseudoautosomal boundary. and is conserved in 
mammals (Fig. 1). The SRY gene encodes a testis- 
specific transcript.' Sequence analysis reveals an open 
reading frame that spans from 354 to 1022 and in- 
cludes a stretch encoding an 80 amino. acid—conserved 
deoxyribonucleic acid (DNA)-binding motif at position 
582 to 821. The conserved mctif shows homology with 
the yeast Mc protein, the hUBEF transcription factor, the 
nonhistone protein NHP6, anc the high mobility group 
proteins HMG1 and HMG2.* The 0.9 kb Hincll pY53.3 
subclone that has been used by investigators as a DNA 
probe for Southern blot analysis includes the open 
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Y CHROMOSOME PROBE LOCUS 
DELETION INTERVALS 
Pseudoautosomal 
| — pY53.3 SRY 
S nDP1007 ZFY 
‘nn ee 
as pDP105A DYZ4A 
Centromere < Y97 DYZ3 
pDP105B DYZ4B 
4B-2 DYS15 
Yq 
ps4 DYZ2 


Fig. 1. Schematic map of Y chromosome with representation 
of four Y-specific probes used in this study: probes Y97, 
pDP105, pDP1007, and pY53.3. DYZ: D = DNA, Y = Y chro- 
mosome, Z-repetitive copy DNA, 3,4 indicate published order 
of specific cloned DNA sequence; ZFY: ZF = Zinc finger pro- 
tein—encoding sequence, Y = Y chromosome. 
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Table I. Clinical, cytogenetic, and molecular data on five subjects with 46,XX true hermaphroditism ` 


l Age at surgical pDP105 SRY SRY SRY 
Subject diagnosis Phenotype A, B ZFY | PCR EcoRI Hindi Karyotype 


Female with left la- 
bial ovotestis, right 
ova 
Female with left 
testis, right ovary, 
both intraab- 
dominal 
Female with left in- 
traabdominal ovotestis, 
right labial testis 
Female with left in- 
traabdominal ovary, 
right labial ovotestis 
Female with left in- > 
traabodminal ovotestis, 
right labial ovotestis 


I 5 mo 


2 17 mo 


3 7 yr 
4 7 mo 


5 5 mo 


46,XX 


46,XX 


46,XX% 


46,XX 


46,XX 





PCR, Polymerase chain reaction. 


Table ITA. Clinical, cytogenetic, and molecular data on 12 subjects with 45,X/46,XY constitution and 


bilateral rudimentary streak gonads 











É Morphologic 
SRY | HindIII Cells characteristics 
Age* Phenotype PCR | EcoRI counted of Y 





lt Female with BSG _ -~ A+,B+ + 68 50 Minuscule Y 

2t i: Female with BSG — mes P A+,B+ + - 10 50 Ring Y 

3ł 22 Female with BSG + -+ + A+,B+ + - 92 50 Minute Y 

4 15 Female with BSG + + + A+,Bt+ + 6 50 Minute Y 

5 -16 Female with BSG + + -+ A+,B+ + 14 50 Minute Y 

6 14 Female with BSG + + + A+,B+ + 66 50 Minute Y 

7 5 Femalewith BSG + + + A+,Bt + 74 50 Minute Y 

8 28 Femalewith BSG + + + A+,B+ F 16 50 Idic(Y)pter—>q12: :q12—pter) 

9 11 Female with BSG + + + A+,B+ + 32 50 Normal Y 
10 8 Female with BSG + + + A+,B+ + 14 50 Normal Y 
11 13 Female with BSG + + + A+,B+ + 82 50 Normal Y 
12} 14 Female with BSG + + + A+,B+ + 48 50 Normal Y 


PCR, Polymerase chain reaction; BSG, bilateral streak gonads. 


*At first visit or consult. 
Patients with dysgenetic tumors (gonadoblastomas). 


reading frame, the stop codon and the polyadenylation 
signal, suggesting that it corresponds to the last exon of 
the SRY gene. The mouse DNA sequence homologue to 
pY53.3 was cloned and termed Sry.* This was proved to 
be Tdy by its presence in the Sxr’ mouse, which harbors 
the minimum Y DNA fragment shown to be testis 
determining.’ Most importantly, expression of Sry was 
localized only in the supporting somatic lineage of the 
fetal gonad and limited to the beginning of gonadal 
formation.* De novo mutation of SRY reported in two 
XY females with gonadal dysgenesis further supported 
that SRY is a testicular determining factor.” ° Recently, 
a mouse 14 kb DNA fragment containing SRY intro- 
duced into mouse embryos was able to induce sex 
reversal in three of the 11 XX transgenic animals. 
However, when the same experiments were applied to 
the 25 kb human genomic DNA carrying SRY, no sex 


reversal occurred despite expression of the transgene 
into the mouse urogenital ridge at 11.5 to 12 days of 
development.’ 

Although the mouse Sry gene seems to fulfill the 
requirements for testicular determination, further anal- 
ysis of the human SRY gene and studies of phenotype- 
genotype correlations in subjects with disorders of pri- 
mary sexual differentiation are necessary to clarify the 
role of this regulatory gene in the cascade of gonadal 
differentiation. In our study the SRY gene was exam- 
ined in two groups of subjects: (1) XX true hermaph- 
rodites known to be negative for Y DNA, including the 
previous testicular determining factor candidate gene 
ZFY,*° and (2) individuals with 45,X/46,XY gonadal 
dysgenesis who mostly have the Y DNA preserved, a 
large number of whom completely lack testicular devel- 
opment." 
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Table IIB. Clinical, cytogenetic, and molecular data on 12 subjects with 45,X/46,XY constitution and 


unilateral or bilateral dysgenetic testis(es) 


SRY | Hindlll 
Phenotype PCR 


Female with unilat- -+ 
eral intraabdomi- 
nal testis 

Female with unilat- + + 
eral intraabdomi- 
nal testis 

Female with unilat- + + 
eral intraabdomi- 
nal testis 

4 10mo Female with unilat- + + 
eral intraabdomi- 
nal testis 

Female with unilat + + 
eral intraabdomi- 
nal testis 

Female with unilat- + + 
eral intraabdomi- 
nal testis 

Female with unilat- + + 
eral labial testis 

Female with unilat- + + 
eral labial testis 

Female with bilat- + + 
eral intraabdomi- 
nal testes 

Female with bilat + + 
eral intraabdomi- 
nal testes 

Male with bilateral + -+ 
intraabdominal 
testes and micro- 
penis 

Male with bilateral + + 
scrotal testes 

Male with bilateral + + 
scrotal testes 





ł 15yr 


2 17yr 


3  lš5yr 


5 19 yr 


6 16 yr 


7 I wk 
8 Birth 


9 4mo 


10 5yr 


Ill 8yr 


12 7yr 


DMt Birth 


PCR, Polymerase chain reaction. 
*At first visit or consult. 


| Karyotype 46,XY | | Karyotype 46,X¥ | XY 
foe 007 | pDPI05 | Y97 Cells 
EcoRI Taq EcoRI counted 









Morphologic 
characteristics 
of Y 
A+,B+ Idic(Y¥)(qter—> 
pll::p11—>qter) 

A+,B+ + 40 50 ?Inv(Y)(q11.2q12) 
A+,B+ + 100 50 Normal Y 
A+,B+ + 66 50 Normal Y 
A+,B+ + 84 50 Normal Y 
A+,B+ + 100 50 Normal Y 
A+,B+ + 50 50 Minute Y 
A+,Bt+ + 84 50 Normal Y 
A+,Bt+ + 11 50 Minute Y 
A+,B+ + 14 50 Normal Y 
A+,B+ + 80 50 Ring Y 
A+,B+ + 94 50 Minute Y 
A+,B+ + 84 50 Normal Y 


tPatients with dysgenetic tumors. Patient 2, left testis with gonadoblastoma and dysgermmoma; patient 10, right testis with 


embryonal carcinoma. 


tApparently normal child being identical twin sib of subject 8. 


Material and methods 

Patient population. Five 46,XX true hermaphrodites 
(group I) and 24 subjects with 45,X/46,XY gonadal 
dysgenesis (group II) were evaluated at the Medical 
College of Georgia. Informed consent was obtained 
from the study subjects or from their parents if the 
subjects were infants or children. The subjects’ clinical 
features and chromosomal constitutions were shown on 
Tables I, HA, and IIB, respectively. 

Two of the five XX true hermaphrodites had a 
unilateral testis (subjects 2 and 3); the contralateral 
gonads were an ovotestis {subject 3) and an ovary 
(subject 2), respectively. Twe other subjects harbcred a 
unilateral ovotestis and a contralateral ovary (subjects 1 


and 4), and the remaining subject (subject 5) carried 
bilateral ovotestes. One patient with bilateral intraab- 
dominal gonads (subjeci 2) was referred at the age of 17 
months; the surgical and histologic diagnosis was made 
at that time. In another subject, although true her- 
maphroditism was suspected at the age of 4 months on 
the basis of the labial testis (subject 3), the surgical and 
histologic diagnosis was confirmed only at the age of 7 
years; the child was lost to follow-up until that time 
(Table I). Cytogenetic analysis of peripheral leukocytes 
was performed with the trypsin-Giemsa banding tech- 
nique. For each individual, 50 cells were counted and 
five cells were karyotyped. More recently, Southern blot 
analysis with the Y-specific DNA probes pDP105B 
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mapped to Yq11, and pDP105A and pDP1007 mapped 
to Yp was applied to exclude the possibility of covert Y 
sequences. No Y DNA was detected in the five subjects 
with 46,XX true hermaphroditism (Table 1). 

The 24 subjects with gonadal dysgenesis caused by Y 
aneuploidy also had chromosomal analysis performed 
on peripheral leukocytes. A minimum of 50 cells 
were counted and five cells karyotyped. Cytogenetic 
analysis was performed with the G-, Q-, and C-band- 
ing techniques. DNA analysis was carried out on 
all subjects to confirm or identify the Y cell lines. 
The Y-specific probes Y97 mapped to Y centro- 
mere, pDP105B mapped to Yq11, and pDP105A and 
pDP1007 mapped to Yp were used for Y DNA detec- 
tion. Twelve 45,X/46,XY gonadal dysgenesis with bilat- 
eral streak gonads formed group IIA, and the remain- 
ing 12 with unilateral testis (eight female subjects 1 
through 8) or bilateral testes (four subjects 9 through 
12) composed group IIB (Tables IIA and IIB). Two 
females and two males harbored bilateral testes. The 
testes were bilaterally scrotal only in one subject (subject 
12, Table IIB) and were bilaterally intraabdominal in an 
8-year-old phenotypically male child with micropenis 
(subject 11, Table IIB). The two females (subjects 9 and 
10, ‘Table IIB) were initially seen as children with 
marked clitoromegaly, empty bifid labioscrotal folds, a 
single urogenital opening, a vagina, a uterus, and bilat- 
eral intraabdominal testes. Subject DM of group IB 
was ascertained to be the apparently normal newborn 
male who was monozygotic isokaryotypic twin to subject 
8. The latter was a 45,X/46,XY sexually ambiguous 
newborn with unilateral labial testis and contralateral 
intraabdominal streak. Zygosity was performed at that 
time in both twins with 16 different red cell antigens 
and five leukocyte antigens. 

Fight of the 12 study subjects of group IIA with 
bilateral streak gonads harbor a rearranged Y chromo- 
some, | carrying a minuscule Y fragment (subject 1), 1 
a minute ring Y (subject 2), 1 a large isodicentric Y 
(subject 8) and 5 a minute Y fragment (Table ILA). Six 
of the 12 subjects of group IIB with dysgenetic testis(es) 
carry a rearranged Y chromosome, | having a minute 
ring Y (subject 11), 1 an inversion Yq11.2q12 (subject 
2), 1 a large isodicentric Y (subject 1) and 3 a minute Y 
fragment (Table IIB). Four of the 12 subjects of group 
ITA with bilateral streak gonads and 6 of the 12 subjects 
of group IIB with dysgenetic testis(es) carry an intact Y 
cell line. 

DNA analysis. Genomic DNA was isolated from leu- 
kocytes or fibroblasts of the 5 subjects with 46,XX true 
hermaphroditism, the 24 subjects with 45,X/46,XY, 5 
control males, and 5 control females. DNA was ex- 
tracted by the standard method consisting of lysis of cell 
membranes, nuclear lysis with proteinase K, and so- 
dium dodecyl sulfate, successive extractions of the pro- 
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Fig. 2. Enzymatic amplification of SRY-conserved motif in 
five subjects with XX true hermaphroditism; 292 bp amplifi- 
cation product is seen in control male. It is absent in control 
female and in all five study subjects (lanes 1 to 5), DNA ladder 
for molecular weight marker. CM, Control male; CF, control 
female. 


teins with phenol/chloroform and chloroform, followed 
by ethanol precipitation of the purified DNA. Amplifi- 
cation of the conserved DNA binding motif was per- 
formed with the polymerase chain reaction technique 
and based on the published sequence.’ Subsequently, 
the 0.9 kb HincII pY53.3 has been available and has 
served to probe the entire open reading frame of the 
SRY gene. 

Polymerase chain reaction. Two 20-nucleotide 
primers flanking the 240 bp sequence encoding the 80 
amino acid—conserved motif were obtained from the 
published human nucleic acid sequence at position 5' 
562 to 581 and 3’ 835 to 854 and are listed as follows: 
forward 5'-ACAGTAAAGGCAACGTCCAG-3’, and re- 
verse 5'-ATCTGCGGGAAGCAAACTGC-3'. 

A 100 pl reaction was prepared for each of the DNA 
samples with 0.1 wg of genomic DNA, 0.75 umol of 
both primers, 200 umol of each deoxynucleotide tri- 
phosphate (deoxyadenosine triphosphate, deoxycy- 
tidine triphosphate, deoxyguanosine triphosphate, 
and deoxythimidine triphosphate), buffer (1 x = 50 
mmol potassium chloride, 10 mmol Tris hydrochloric 
acid pH 8.4, 3.5 mmol magnesium chloride) and 
1.5 U Taq polymerase. Thirty cycles of amplification 
were performed (DNA Thermal Cycler, Perkin Elmer 
Cetus Instruments, Norwalk, Conn.) with the step-cycle 
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Fig. 3. Autoradiograph of HindIII digest and pY53.3 probing 
of five subjects with 46,XX true hermaphroditism. Y-specific 
2.1 kb HindIII band is seen in contro! male (CM). It is absent 
in control female (CF) and in all five study subjects (lanes 1 
to 5). 


program. The first cycle consisted of 94° C for 2 
minutes, 55° C for 20 seconds, and 72° C for 1 minute. 
The subsequent 29 cycles consisted of 94° C for 1 
minute, 55° C for 20 seconds, and 72° C for 30 seconds. 
Forty pl of the 100 pl polymerase chain reaction were 
electrophoresed on 1.2% agarose gel. A 2 pl aliquot of 
123 bp DNA ladder was also run for molecular weight 
marker. 

Southern blot analysis 

DNA probe. The SRY probe is derived from the 0.9 kb 
Hincll fragment of the 2.1 kb pY53.3 clone. The 0.9 kb 
Hincll pY53.3 includes the entire open reading frame 
of the pY53.3 sequence, which was inserted into the 
plasmid pUC18. The probe was amplified in Escherichia 
coli DH5 and purified by alcohol precipitation. The 
0.9 kb HincII insert was released from its vector by 
EcoRI/BamHI double digest as advised by the provider. 
It was purified through electrophoresis and silica ma- 
trix (Geneclean Kit Bio 101, La Jolla, Calif.). Before 
hybridization, the probe was radiolabeled with 32P- 
labeled dCTP by oligonucleotide random priming 
(Amersham) to a high specific activity of 1 x 10° 
cpm/pg DNA.” 

Genomic DNA from the control males and females 
and from the 29 study subjects of groups I, IA, and IB 
was digested with HindIII and EcoRI restriction endo- 
nucleases, respectively. Aliquots of 10 pg from each 
study subject were electrophoresed in a 0.8% agarose 
gel. It was ascertained on ethidium bromide-—stained 
gels before DNA transfer that DNA samples were not 
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Fig. 4. Autoradiograph of EcoRI digest and pY53.3 probing 
of five subjects with 46,XX true hermaphroditism. Y-specific 
16 kb EcoRI band is seen in control male (CM). It is absent in 
control female (CF) and in all five study subjects (lanes 1 to 5). 


degraded and that equivalent DNA amounts were 
loaded in all lanes. The gels were photographed before 
blotting. DNA was then transferred to Gene Screen Plus 
(New England Nuclear Research Products, Boston, 
Mass.) by Southern blot methods'* and baked in a 
vacuum oven for 2 hours at 80° C. Blots were hybridized 
for 48 hours at 65° C with the 32P-labeled probe. All 
hybridized blots were washed at high-stringency condi- 
tions at 65° C, with decreasing concentrations of sodium 
chloride, sodium citrate (2 saline—sodium citrate to 
0.2% saline-sodium citrate), and 1% sodium dodecyl 
sulfate. Autoradiographs were exposed with intensify- 
ing screens at — 80° C for 3 days on film (Kodak XAR-5, 
Eastman Kodak Co., Rochester, N.Y.). 


Results 

True hermaphrodite subjects (group I). The SRY 
sequence encoding the conserved motif and repre- 
sented by the 292 bp polymerase chain reaction prod- 
uct is present in the control male and absent in the 
control female and in all five subjects with 46,XX true 
hermaphroditism (Fig. 2). 

With a larger probe 0.9 kb HincII pY53.3, Southern 
blot analyses revealed the Y-specific 2.1 kb HindIII and 
16 kb EcoRI hybridization bands, respectively, in the 
control male and the absence of these bands in the 
control female and in all five true hermaphrodites 
(Table I; Figs. 3 and 4). The equal quality and intensity 
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Fig. 5. A, Enzymatic amplification of the SRY-conserved motif in 12 subjects with 45,X/46,XY 
constitution and bilateral streak gonads; 292 bp amplification product is seen in control male (CM) 
and in 10 of 12 study subjects (lanes 3 to 12). It is absent in control female (CF) and in two individuals 
who have extensive deletion of Y chromosome (subject 1) and minute ring Y (subject 2). B, Enzymatic 
amplification of SRY-conserved motif in 12 subjects with 45,X/46,XY with dysgenetic testis(es); 292 bp 
amplification product is seen in control male (CM) and in all 12 study subjects (lanes 1 to 12). Subject 
DM, apparently normal male child, is identical twin sibling of subject 8. 


of ethidium bromide-stained DNA lanes before blot- 
ting are good evidence that the control females and the 
study subjects were truly negative for the SRY gene. 
Subjects with 45,X/46,XY gonadal dysgenesis 
(group II). The 292 bp polymerase chain reaction 
product is present in the control male and in 10 of the 
12 subjects with 45,X/46,XY and bilateral streak go- 
nads. It is absent in the control female and in the two 
study subjects who harbor a minuscule Y chromosomal 
fragment (subject 1) and a minute ring Y (subject 2), 
respectively (Table IIA, Fig. 5, A). The 292 bp poly- 
merase chain reaction product is present in the control 
male and in all 12 subjects with unilateral or bilateral 
testis(es) (Fig. 5, B). With the 0.9 kb Hincll pY53.3 
probe, Southern blot analysis yielded the Y-specific 2.1 
kb HindIII and 16 kb EcoRI hybridization bands, re- 
spectively, in the control males and in 10 of the 12 
subjects with bilateral streak gonads (subjects 3 through 
12). They were negative in the control female and in 
subjects 1 and 2, who harbor a minuscule Y and a 
minute ring Y, respectively (Table IIA; and Figs. 6, A, 
and 7, A). With the 0.9 kb Hincll pY53.3 probe, 
Southern blot analysis also confirmed the polymerase 
chain reaction findings in the 12 subjects with unilateral 


or bilateral testis(es) who were positive for the two 
HindIII and EcoRI hybridization bands (Table IIB and 
Figs. 6, B, and 7, B). 


Comment 


Our study reports the absence of the SRY gene in all 
five 46,XX true hermaphrodites who were previously 
shown to be negative for the other Y-specific sequences. 
The same Y sequences were, however, present in most 
45,X/46,XY gonadal dysgenesis subjects, including the 
10 individuals who completely lacked testicular devel- 
opment. 

The hypothesis of an abnormal X:Y interchange 
during paternal meiosis, proposed by Ferguson-Smith 
in 1966" as the origin of XX maleness, has been 
confirmed in approximately 80% of XX males with the 
advent of molecular techniques.'” '° The high frequency 
of recombination in the pseudoautosomal region seems 
to predispose to unequal crossover and transfer.'’ At 
first sight it appears that most 46,XX true hermaphro- 
dites would harbor some Y DNA sequences or at least 
the ZFY or SRY sequences. In agreement with previous 
literature reports,’ '* all five XX true hermaphrodites 
in our study failed to carry Y DNA, including the best 
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Fig. 6. A, Autoradiograph of HindIII digest and pY53.3 probing of the 12 subjects with 45,X/46,XY 
constitution and bilateral streak gonads. 2.1 kb Y-specific hybridization band is present in control 
male (CM) and in 10 of 12 study subjects (lanes 3-12). It is absent in control female (CF), in subject 
1 with minuscule Y fragment, and subject 2 with minute ring Y. B, Autoradiograph of HindIII digest 
and pY53.3 probing of 12 subjects with 45,X/46,XY constitution and dysgenetic testis(es); 2.1 kb 
Y-specific hybridization band is present in control male (CM) and all 12 study subjects (lanes 1-12). 
Subject DM, apparently normal male child, is identical twin sib of subject 8. 2.1 kb band is absent in 
control female (CF). 


testicular determining factor candidate, SRY. To date 
only three XX true hermaphrodites harbored Y DNA 
material.'**' Absence of the SRY gene in most 46,XX 
true hermaphrodites further supports the speculation 
that multiple genes should interplay in the pathway of 
testicular morphogenesis. As for the Y DNA—negative 


XX males, testicular formation in XX true hermaphro- 
dites may be caused by activation of a mechanism 
downstream in the pathway from the testicular deter- 
mining factor gene leading to the first switch of Sertoli 
cell differentiation. Testis differentiation may also be 
caused by mutations of genes on the X chromosome or 
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Fig. 7. A, Autoradiograph of EcoRI digest and pY53.3 probing of 12 subjects with 45,X/46,XY 
constitution and bilateral streak gonads. 16 kb Y-specific hybridization band is present in control male 
(CM) and in 10 of 12 study subjects (lanes 3-12). It is absent in control female (CF) and in subject 1 
who carries minuscule Y fragment and in subject 2 who carries minute ring Y. B, Autoradiograph of 
EcoRI digest and pY53.3 probing of 12 subjects with 45,X/46,XY constitution and dysgenetic 
testis(es); 16 kb Y-specific hybridization band is present in control male (CM) and in all 12 study 
subjects (lanes 1-12). Subject DM, apparently normal male child, is identical twin sibling of subject 8. 
16 kb band is absent in the control female (CF). 
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an autosome that may normally function together with 
Y-located sequences for testicular determination. The 
possible role of X genes in testicular determination is 
suggested by the observation of kindreds with X-linked 
forms of 46,XY gonadal dysgenesis.***' Studies of mice 
indicate a role for autosomal genes in testicular differ- 
entiation.” Similar genes may be related to the human 
XX true hermaphroditism. 


Cases of absence of Y sequences in 45,X mixed 


gonadal dysgenesis* and integrity of Y DNA in a non- 
mosaic 46,XY subject with unilateral streak and con- 
tralateral testis“ would suggest that mosaicism alone 
cannot account for a complete or partial failure of 
testicular differentiation. It is interesting that approxi- 
mately 50% of individuals with 45,X/46,XY constitution 
develop dysgenetic testes instead of ovotestes and that 
approximately the remaining 50% harbored only bilat- 
eral streak gonads in spite of intact SRY. Our study 
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reports the preliminary data of a molecular screen for 
presence or absence of the SRY gene in the first largest 
series of subjects with gonadal dysgenesis caused by Y 
aneuploidy. Sequence analysis of the SRY gene in these 
subjects with different gonadal phenotypes should be 
the subsequent step to clarify the role of SRY in initi- 
ating human testicular differentiation. Most individuals 
with 46,XY gonadal dysgenesis or Swyer syndrome were 
found to have the SRY sequence preserved.” ® *’ These 
subjects may have an inactive SRY gene or a mutation 
elsewhere in the pathway of gonadal differentiation. 
Two XY gonadal dysgenesis females were first reported 
as showing de novo mutations in the SRY gene. In 
studying 12 XY females with Swyer syndrome, Jager et 
al.° identified a four-nucleotide deletion in the se- 
quence encoding the conserved DNA binding motif, 
resulting in a frame shift probably leading to a non- 
functional protein. In testing 11 subjects with 46,XY 
gonadal dysgenesis, Berta et al. found a de novo 
mutation G — A in one subject.” Most recently, Harley 
et al.** reported that four of five 46,XY gonadal dys- 
genesis females demonstrated negligible DNA binding 
activity of the mutant SRY protein; the remaining 
female showed reduced DNA binding. Similar studies 
on 45,X/46,XY gonadal dysgenesis subjects are neces- 
sary when mutations are found by sequence analysis of 
the SRY gene. 


We thank Peter Goodfellow, PhD, Human Molecular 
Genetics Laboratory, London, for providing the probe 
0.9 kb Hincll pY53.3. 
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Increased risk for polycystic ovary syndrome associated 
with human leukocyte antigen DQA1*0501 


Carole Ober, PhD, Stacie Weil, MD, Thomas Steck, MD, Chris Billstrand, BS, 


Seth Levrant, MD, and Randall Barnes, MD 
Chicago, Illinois 


OBJECTIVE: The objective of this investigation was to identify genes that confer suscapiibilty to 


polycystic ovary syndrome. 


STUDY DESIGN: Nineteen subjects with polycystic ovary syndrome, hirsutism, and elevated plasma 
androgen levels and 46 fertile, female control subjects were studied, Alleles at the human leukocyte 
antigen DQA1 locus were identified with dot-blot hybridizations with allele-specific oligonucleotide probes. 
Associations between human leukocyte antigen DQA1 alleles and polycystic ovary syndrome were 


examined with logistic regression analysis. 


RESULTS: The frequency of the human leukocyte antigen DOA *0501 was 0.50 and 0.26 in subjects 
with polycystic ovary syndrome and contro! subjects, respectively (corrected for multiple comparisons, 
p = 0.067). Homozygosity for this allele was also increased among subjects with polycystic ovary 
syndrome (jp = 0.054). The odds ratios for having polycystic ovary syndrome associated with the *0501 
allele and the *0501/*0501 homozygous genotype were 2.8 and 5.8, respectively. 

CONCLUSION: These data suggest that a polycystic ovary syndrome susceptibility allele is linked to 
human leukocyte antigen and that the susceptibility allele is recessive. (Am J all GYNECOL 


1992:167:1803-6.) 


Key words: Human leukocyte antigen, polycystic ovary syndrome, hirsutism, oligomenorrhea 


Although familial clustering of polycystic ovary syn- 
drome is not uncommon,’” the underlying genetic 
cause is unknown. Recently, Hague et al. reported an 
increased frequency of human leukocyte antigen (HLA) 
DRw6 in 75 English patients with polycystic ovary 
syndrome as compared with 110 reference panel con- 
trols. However, as with Mandel et al.” in an earlier 
genetic study of polycystic ovary syndrome,’ Hague et 
al. failed to demonstrate a link between polycystic ovary 
syndrome and human leukocyte antigens in 16 polycys- 
tic ovary syndrome families. Nonetheless, Hague et al. 
concluded that the development of polycystic ovary 
syndrome may be associated with human leukocyte 
antigen region loci that lie proximal to the HLA-DR 
loci on chromosome 6.° 

As a first step toward identifying genes that confer 
susceptibility to polycystic ovary syndrome, we exam- 


ined HLA-DQAI alleles in a well-defined cohort of — 


patients with polycystic ovary syndrome. We chose this 
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locus because it is proximal to the HLA-DR loci and 
because alleles at this locus demonstrate linkage dis- 
equilibrium with alleles at the cytochrome P4so steroid 
21-hydroxylase and other class III loci. Thus if there are 
other loci in this region that are involved in steroido- 
genesis and are associated with polycystic ovary syn- 
drome, an association with HLA-DQAI alleles would be 
expected. 


Material and methods 

Sample composition. Nineteen subjects with polycys- 
tic ovary syndrome were enrolled from the reproductive 
endocrinology clinic in the Department of Obstetrics 
and Gynecology at The University of Chicago. Polycys- 
tic ovary syndrome was diagnosed if patients had clin- 
ical evidence of androgen excess (hirsutism or oligo- 
menorrhea) and elevated plasma androgen levels. All 
patients were hirsute; 17 patients also had oligomenor- 
rhea. In addition, at least one of the following plasma 
androgen levels was elevated in each subject: testoster- 
one (14/19), free testosterone (16/19), and dehydroepi- 
androsterone (5/19). In the 15 subjects who agreed to 
corticotropin testing; none showed evidence of 21- 
hydroxylase, 11-hydroxylase, or 3B-hydroxysteroid de- 
hydrogenase deficiency. Subjects with polycystic ovary 
syndrome are described in Table I. Locally derived 
control subjects included 46 white women of proven 
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Table I. Clinical characteristics of subjects with polycystic ovary m 


| Androgens 





pimanta | ne | r [re o [sr 


151 White £8 

130 White S, ' 
253 White £7 + 
270 White 2 + 
273 White 17 + 
283 White 2 + 
314 White 2 = 
316 White 5 + 
392 African-American 24 + 
407 African-American 22 + 
424 White 29 + 
428 Phillipino 28 + 
462 White 47 + 
600 White 30 - 
322 Asian Indian 20 + 
325 White 32 + 
326 White 2] + 
570 White 34 + 
573 White 32 + 


t+etttttte+eeetgi¢+setet 


384 0102,0501 
F 20 101 a 0501,0401/0601 
85 28 248 NL 0501,0501 
74 27 117 NL 0301,0401/0601 
84 23 134 NL 0501,0501 
86 26 527 NL 0102,0401/0601 
55 14 522 0501,0501 
75 0102,0501 
74 13 160 NL 0102,0501 
52 10 437 NL 0102,0501 
116 28 43 0301,0501 
125 NL 0201,0501 
48 16 43 0101,0201 
91 al 242 NL 0501,0501 
55 25 215 NL 0101,0201 
126 58 354 NL 0501,0201 
104 18 164 NL 0501,0401/0601 
186 57 596 NL 0102,0501 
76 27 NL 0102,0501 


T, Testosterone, normal range 19 to 70 ng/dl; FT, free testosterone, normal range 3 to 10 pg/ml. D, DHAS, normal range 73 to 


366 ng/dl; ACTH, normal (NL) if 17-hydroxyprogesterone 


fertility who participated in an earlier study* and whose 
deoxyribonucleic acid (DNA) was stored in our labora- 
tory. Although endocrinologic studies were not per- 
formed in control subjects, it is unlikely that the control 
group included patients with polycystic ovary syndrome 
because most patients with polycystic ovary syndrome 
are infertile. This study was approved by the Universi- 
ty’s Institutional Review Board. 

Laboratory methods. DNA was extracted from whcle 
blood according to standard protocols.* Eight HLA- 
DQAI alleles were detected by hybridizing 10 se- 
quence-specific oligonucleotides’ to polymerase chain 
reaction—amplified DNA that was dot-blotted to nylon 
filters. In brief one pmol/L of eech primer’? was us2d 
with 0.5-1 pg genomic DNA and 2.5 units Tag poly- 
merase in a total volume of 50 pl. Annealing conditians 
were 2 minutes at 37° C, extension was 2 minutes at 
72° C, and denaturation was 2 minutes at 95° C, for a 
total of 28 cycles. 5 wl of amplified product were 
denatured in 0.4N sodium hydroxide, added to 0.2 x 
sodium chloride—sodium citrate and dot-blotted to ny- 
lon membranes. Sequence-specific oligonucleotides 
were end-labeled with y-32 phosphorus—labeled aden- 
osine triphosphate and hybridized to filter-bound DNA 
for 12 hours at 42° C in 0.5 mol/L sodium chloride, 50 
mmol/L sodium phosphate, 1% sodium dodecyl sulféte, 
5x Denhardt's, and 200 pg/ml salmon sperm DMA. 
Membranes were washed twice at room temperature for 
30 minutes in 5x sodium chloride—sodium citrate end 
1% sodium dodecyl sulfate and twice at 65° C for 30 
minutes each in 2X sodium chloride—sodium citrate 
and 1% sodium dodecyl sulfate. Hybridization was vi- 


<10 mg/ml. 


sualized by an autoradiograph as a positive signal (i.e., 
a dark “dot’’). Genctype assignments were made on the 
basis of combinations of positive signals with the 10 
probes.*" 

To confirm the zenotypes, the second exon of the 
HLA-DQAI locus was sequenced in all subjects who 
appeared to be homozygous according to dot-blot anal- 
ysis by using a modification of published protocols."’ 

Statistical analysis. Associations between HLA- 
DQAI alleles and polycystic ovary syndrome were com- 
pared with logistic regression analysis.’ 


Results 


The HLA-DQAI genotypes are shown in Table I for 
each subject with polycystic ovary syndrome. The fre- 
quencies of the eight alleles are shown in Table II for 
subjects with polycystic ovary syndrome and control 
subjects. Because our typing method did not allow us to 
distinguish between the *0401 and *0601 alleles, they 
are combined in Table II. The allele frequencies in our 
local control subjects did not differ from published 
frequencies for over 5000 white people. ™ 

The HLA-DQA1*0501 allele frequency was 0.50 in 
polycystic ovary syndrome as compared with 0.26 in 
control subjects (Table ITI). This difference was nearly 
significant after adjusting for multiple comparisons 
(seven comparisons, corrected p = 0.067). Because 
there were few nonwhite people in our polycystic ovary 
syndrome sample (two African-Americans, one Filip- 
pino, one Asian Indian), we did not use race-matched 
controls. However, published frequencies of the 
HLA-DQA1*0501 allele in whites, blacks, and Asians is 
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Table II. HLA-DQAI allele frequencies in subjects with polycystic ovary syndrome and control subjects 















Polycystic ovary 
syndrome 
(n = 19) 


HLA-DQAI 
allele 





0101 0.05 © 0.21 
0102 0.21 0.17 
0103 0 0.05 
0201 0.08 0.11 
0301 0.05 : 0.15 
0501 0.50 0.26 
0401/0601 0.08 0.04 






Confidence 


limits (95%) p Value* 





0.21 0.05-0.97 0.046 
1.2 0.49-3.3 0.624 
0 0.952 
0.46 0.09-2.2 0.333 
0.31 0.07-1.4 0.134 
2.8 1.2-6.2 0.009 
1:9 0.40-8.9 0.424 


*Uncorrected p values are shown; to correct for multiple (seven) comparisons, multiply the p value by 7. 


0.25, 0.18, and 0.11, respectively." Therefore had we 
used race-matched controls it is likely that the fre- 
quency of this allele would have been lower in our 
control group, thereby increasing the significance of the 
association. . . 

Furthermore, 4 of 19 subjects with polycystic ovary 
syndrome were homozygous for the HLA-DQA1*0501 
allele as compared with two of 46 control subjects 
(p = 0.054). Among the four nonwhite subjects with 
polycystic ovary syndrome, one (Asian Indian) was neg- 
ative for the *050] allele and three were heterozygous 
for the *0501 allele. | 

The odds ratios associated with the *0501 allele are 
shown in Table I. The odds of having polycystic ovary 
syndrome are 2.8 times more likely in women with the 
*0501 allele than in women without this allele (95% 
confidence limits 1.2 to 6.2) and 5.8 times more likely 
in women who are homozygous for this allele than in 
women with other genotypes (95% confidence limits 
0.98 to 352). 

There were no ostensible differences in clinical pa- 
rameters (Table I) among subjects with polycystic ovary 
syndrome with 2, 1, or 0 copies of the *0501 allele. 


Comment 


We report an association between HLA-DQA1*0501 
and polycystic ovary syndrome as defined in our study. 
An earlier study® reported an association between HLA- 
DRw6 and polycystic ovary syndrome. In that study 
English patients with polycystic ovary syndrome were 
defined by clinical parameters similar to the criteria 
used in this study (menstrual disturbances and hyper- 
androgenism, including hirsutism), but in addition 
had ultrasonographically detected polycystic ovaries. 
Because of linkage disequilibrium, HLA-DRw6 is 
commonly found on a chromosome (or haplotyype) 
with HLA-DQAI*0101, *0102 or *0103,'* whereas 
HLA-DQA1*0501 is commonly associated with HLA- 
DR3 or -DR5. In our study the frequency of the 
HLA-DQAI*0101, *0102, and *0103 alleles was 0.26 in 
polycystic ovary syndrome as compared with 0.43 in 
control subjects. Therefore it is likely that the frequency 


of HLA-DRw6 was not increased in polycystic ovary 
syndrome in our study, although serologic typing was 
not performed in our sample. Similarly, the frequencies 
of HLA-DR3 and HLA-DR5 were not increased in the 
English polycystic ovary syndrome sample. 
Associations with different HLA alleles in different 


polycystic ovary syndrome populations could reflec ge- 


netic heterogeneity. That is, polycystic ovary syn- 
drome in the English study may be genetically distinct 
from the polycystic ovary syndrome described in our 
Chicago sample. However, that both studies found an 
association with alleles at closely linked loci suggests 
that-this is unlikely. Two alternative explanations for 
these observations are possible. The first is that 
HLA-DQA1*0501 is on the same haplotype as DRw6 in 
subjects with polycystic ovary syndrome. It is not un- 
common for linkage relationships between HLA loci to 
differ in disease as compared with normal families."* A 
second possibility is that there is one polycystic ovary 
syndrome susceptibility allele on chromosome 6, but it 
is in linkage disequilibrium with different HLA haplo- 
types in the two samples. In the English sample the 
susceptibility allele is on a DRw6 haplotype, and in the 
Chicago sample it ts on a DQA1*0501 haplotype; this 
implies that recombination occurs between HLA-DR/ 
DQ loci and the polycystic ovary syndrome susceptibil- 
ity locus more commonly than it occurs between the 
HLA-DR and HLA-DQ loci. For example, alleles at the 
HLA-DP loci, which map centromeric to the HLA-DQ 
loci, show less striking linkage disequilibrium with alle- 
les at the HLA-DR and HLA-DQ loci in population 
studies.'* We are trying to evaluate these two possibili- 
ties by typing for alleles at additional HLA loci in 
subjects with polycystic ovary syndrome. 

Regardless, because polycystic ovary syndrome does 
not appear to have an immunologic cause, we suggest 
that the susceptibility locus is not an HLA locus per se. 
Rather, it is likely that HLA alleles are merely markers 
for the susceptibility allele. Our observation of in- 
creased homozygosity in subjects with polycystic ovary 
syndrome further suggests that the susceptibility allele 
is recessive. It is tempting to speculate that genes 
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involved in the regulation of steroidogenesis in addition 
to the cytochrome P4go steroid 21-hydrolyase genes are 
located in this region. However, evidence for this hy- 
pothesis awaits further genetic investigation. 
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Does ethnicity influence the prevalence of adrenal 
hyperandrogenism and insulin resistance in polycystic 


ovary syndrome? 


“ty 
Pa 


Enrico Carmina, MD,” Takao Koyama, MD,’ Lilly Chang, MD,’ Frank Z. ii PhD; 


and Rogerio A. Lobo, MD* 
Palermo, Italy, ee Japan, and Los Angeles, California 


OBJECTIVE: Our purpose was to decane the prevalence of adrenal hyperandrogenism and insulin 
resistance in patients with hyperandrogenic chronic anovulation, also called polycystic ovary syndrome, 


living in the United States, Italy, and Japan. 


STUDY DESIGN: Seventy-five women with polycystic ovary. syndrome, 25 each from the United States, 
Italy, and Japan, and 10 ovulatory controls were studied. Hirsutism, obesity, and the presence of cystic 
ovaries were assessed, as were blood levels for estrogen, luteinizing hormone, testosterone, adrenal 
androgens, and insulin. All patients received an insulin tolerance test to assess insulin resistance. 
RESULTS: Women from Japan were less obese (p < 0. 05) and did not have hirsutism, although the 
percentage of cystic ovaries (68% to 80%) was comparable. Serum luteinizing hormone, testosterone, 
and estradiol were similar, but levels of 3a-androstanediol glucuronide, which was elevated in women 
from the United States and Italy, was normal in women from Japan. The adrenal androgens, 
dehydroepiandrosterone sulfate and 11B-hydroxyandrostenedione were elevated in 48% to 64% of the 
patients and by a similar percentage in the three groups. Fasting insulin was elevated in all groups, but 
was significantly higher in women from the United States and Italy compared with women from Japan- 
(p < 0.05). However, insulin resistance as assessed by dissociation constant of insulin tolerance test 


values was significantly elevated but similar in the three groups and occurred in 68% to 76% of patients. 


CONCLUSION: In polycystic ovary syndrome, although obesity and hirsutism vary according to dietary, 
genetic, and environmental factors, the prevalence of adrenal androgen excess and insulin resistance 
appear to be fairly uniform. These results suggest that these factors may be involved in the 
pathophysiologic features of the disorder. (Am J Osster Gynecol 1992;167:1807-12.) 


Key words: Ethnic, polycystic ovary syndrome, adrenal androgen, insulin resistance 


Polycystic ovary syndrome is extremely heteroge- 
neous. Because of this diversity in clinical and biochem- 
ical findings, we have argued that the syndrome should 
be renamed. Thus we have preferred to refer to this 
entity as the syndrome of hyperandrogenic chronic 
anovulation on the basis of findings of the two cardinal 
features: hyperandrogenism and chronic anovulation.' 

In studies of pathogenesis, no unifying hypothesis 
has been accepted.” ? Also, the presence of previously 


held characteristic features are no longer necessary for 
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the diagnosis. We* and others* have studied nonhirsute 
patients with polycystic ovary syndrome—hyperandro-- - 
genic chronic anovulation, and others have shown that 


_ obesity need not be present.* ° For some time it has 


been suggested that adrenal hyperandrogenism and 
insulin resistance may be involved in the pathogenesis. 
We wished therefore to study the importance of these 
factors in patients with hyperandrogenic chronic an- 
ovulation and asked the following question: if nonhir- 
sute and nonobese patients diagnosed as having hyper- 
androgenic chronic anovulation also do not exhibit. 
insulin resistance, then can it be implicated in the 
pathogenesis of the disorder? Similarly, if adrenal an- 
drogen excess is absent, this too may not be a charac- `` 
teristic feature. “ oe 

In this report we have attempted’ to answer these 
questions by studying ethnic diversity in hyperandro- 
genic chronic anovulation among North American, Ital- . 
ian, and Japanese women from their respective conti- 
nents. Specifically, we have investigated the prevalence 
of adrenal hyperandrogenism and insulin resistance. By 
so doing, we. wished to determine the relative impor- 
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tance of these features that have been believed to be 
central to the pathogenesis of the disorder. 


Material and methods 

Subjects. Seventy-five patients with hyperandrogenic 
chronic anovulation were studied. The diagnosis was 
based on the findings of hyperandrogenism (elevated 
testosterone or dehydroepiandrosterone [DHEA] sul- 
fate) and chronic anovulation of perimenarchial onset. 
No patient had virilization, tumors, or congenital adre- 
nal hyperplasia (on the basis of normal levels of 17- 
hydroxyprogesterone). In three separate clinics, 25 
consecutive patients were recruited for study between 
1990 and 1991. Thus 25 women (mean age 30 + 2 
years) from East Los Angeles, California, of Hispanic 
origin (Mexican and Central American); 25 from To- 
kyo, Japan (mean age 24 + 1. years); and 25 from 
Palermo, Italy (mean age 24 + 1 years) were recruited. 
None of the Japanese women had DHEA sulfate values 
determined as a criterion for their diagnosis. 

From each country 10 ovulatory controls of the same 
ages were selected for comparisons. 

Protocol. Between 8:00 and 9:00 am patients and 
controls had fasting blood obtained between days 5 and 
8 after a progestin-induced or spontaneous menses. In 
addition, all patients réceived an insulin tolerance test. 
Regular insulin, 0.1 U/kg, was administered intrave- 
nously as previously described.® 

Hirsutism was evaluated by a modification of the 
scoring system of Ferriman-Gallwey.’ Only scores >8 
were considered to constitute hirsutism. 

Body mass was evaluated in all patients and ex- 
pressed as percent of ideal body weight. In all patients 
ovarian morphologic condition was assessed by ultra- 
sonography by means of a 5 mHz abdominal or vaginal 
probe. Classic ultrasonographic criteria of pericortical 
cysts and increased stroma was sought.” 

Measurements. In all samples serum luteinizing hor- 
mone (LH), estradiol, testosterone, DHEA sulfate, 11B- 
hydroxyandrostenedione, 3a-androstanediol glucuro- 
nide, and insulin were measured. During the insulin 
tolerance test glucose was measured. 

Assays. All hormones were assayed by established 
radioimmunoassay techniques.*’? Hormonal determi- 
nations for all patients were made in the same labora- 
tory (Los Angeles, Calif.). Estradiol, testosterone, and 
118-hydroxyandrostenedione assays included extrac- 
tion and Celite chromatography. In the LH assay the 
standard used was LER 907, which was referenced to 
the Second International Reference Preparation. The 
sensitivity of this assay was 1.5 mIU/ml. The 3a-andros- 
tanediol glucuronide assay used specific hydrolysis, 
followed by extraction, Celite column chromatography, 
and radioimmunoassay.** In all assays, intraassay and 
interassay coefficients of variation did not exceed 6% 
and 13%, respectively. 

Statistical analyses. To assess insulin resistance, a 
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Kitt value, or dissociation constant of the insulin toler- 
ance test expressed as percent per minute was calcu- 
lated by regression analysis.° The Student ¢ test with 
and without log transformation was used, as was anal- 
ysis of variance for group comparisons. 


Results 


Comparisons of ideal body weight in North Ameri- 
can, Japanese, and Italian women may be found in Fig. 
I. Compared with Japanese women, North American 
women had significantly higher ideal body weight 
(122% + 3% vs 111% + 4%, p < 0.05). Ideal body 
weight in Italian women was intermediate and not 
significantly different from either group. 

The presence of cystic ovaries was similar in the three 
groups: 80%, 68%, and 76%, respectively (Fig. 1). Fer- 
riman-Gallwey -scores were significantly elevated and 
similar in United States and Italian women (12 + 1 and 
12.5 + 1). In controls, by definition, all Ferriman-Gall- 
wey scores were <8. The Japanese women had a mèan 
score of 3.5 + 0.2, which was not statistically different 
from the scores of Japanese controls. 

The three ethnic control groups had similar hormone 
levels, and thus for comparisons with the hyperandro- 
genic chronic anovulation groups the following com- 
posite mean values were used: LH, 9.1 + 0.5 mU/ml; 
estradiol, 56 + 5 pg/ml; testosterone, 32.3 + 3 ng/dl; 
DHEA sulfate, 1.8 = 1 pg/ml; 118-hydroxyandrostene- 
dione, 1.2 + 0.1 ng/ml; 3a-androstanediol glucuronide, 
3 + 0.2 ng/ml; and insulin, 8 + 0.2 pU/ml. | 

Serum LH was elevated in all three hyperandrogenic 
chronic anovulation groups compared with controls 
(p < 0.01) but were similar to one another (Fig. 2). 
Serum estradiol was also similar between groups and 
comparable to control values. Serum testosterone was 
elevated in all groups compared with controls 
(p < 0.05), but the values were similar in the three 
hyperandrogenic chronic anovulation groups (Fig. 2). 
Serum 3a-androstanediol glucuronide was elevated in 
United States and Italian women (p < 0.01) when com- 
pared with both Japanese women and controls. Japa- 
nese women and control values were similar, and 
United States and Italian women had similar levels 
(Fig. 2). 

Fig. 3 depicts levels of the adrenal androgens DHEA 
sulfate and 118-hydroxyandrostenedione and the per- 
centage of patients having elevated levels. Levels of 
both DHEA sulfate and 118-hydroxyandrostenedione 
were significantly elevated in the three groups com- 
pared with controls (p < 0.01). However, values were 
similar among the three groups for each androgen. 
Serum DHEA sulfate was elevated in 52%, 48%, and 
48% of North American, Japanese, and Italian women, 
respectively. Serum 116-hydroxyandrostenedione was 
elevated in 64%, 64%, and 56% of patients in each 
group. 

Fasting insulin levels were significantly elevated in 
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Fig. 1. Percent ideal body weight, hirsutism (Ferriman-Gallway /FG] score) and prevalence of cystic 
ovaries in three ethnic groups. C, United States; J, Japan; Ñ, Italy. Differences between United 
States and Italy compared with Japan: One asterisk, p < 0.05; two asterisks, p < 0.01. 
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Fig. 2. Serum levels of LH, testosterone (T), estradiol (Ez), and 3a-androstanediol glucuronide 
(3a-G) in three ethnic groups of patients with polycystic ovary syndrome. L], United States; Ø, Japan; 
3, Italy. Significance of 3a-androstanediol glucuronide values between the U.S. and Italy compared 


to Japan: Two asterisks, p < 0.01. 


the United States and Italian groups compared with 
control values (p < 0.01). In Japanese women this in- 
crease was smaller but still of significance (p < 0.05). 
Both United States and Italian group values for insulin 


were significantly higher than values in Japanese 
women (Fig. 4). Fasting insulin showed a highly signif- 
icant correlation with percent of ideal body weight in all 
three groups (p < 0.01). 
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Fig. 3. Prevalence of adrenal androgen excess in three ethnic groups. L], United States; 4, Japan; 
83, Italy. DHEAS, DHEA sulfate; 11 B-A, 11 8-hydroxyandrostenedione. 
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Fig. 4. Prevalence of insulin resistance ir three ethnic groups. O, United States; FA, Japan; M, Italy. 
Fasting insulin is significantly different in Japanese versus North American and Italian women. One 
asterisk, p < 0.05; two asterisks, p < 0.02; Ki» Dissociation constant of insun tolerance test. 


Dissociation constant of insulin tolerance test vahues Japanese, and Italian women. With a dissociation con- 
were significantly lower (signifying insulin resistance) in stant of insulin tolerance test value >4.8 (which consti- 
the three groups and, unlike the differences between tutes the lower 95% confidence interval) as normal, the 


groups for insulin values, were similar in United States, prevalence of insulin resistance was similar in the three 
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groups and was 76%, 72%, and 68% in the United 
States, Japanese, and Italian women, respectively 
(Fig. 4). 


Comment 


Our purpose was to investigate whether similarities or 
differences exist in features of hyperandrogenic chronic 
anovulation that have been considered to be character- 
istic of polycystic ovary syndrome and central to the 
pathophysiology of the syndrome. We chose three dif- 
ferent ethnic groups in three different geographic areas 
for study to determine if genetic or environmental 
factors influence the prevalence of adrenal androgen 
excess or insulin resistance. If the occurrence of adrenal 
androgen excess or insulin resistance was found to be 
different in the three groups considered to have hyper- 
androgenic chronic anovulation—polycystic ovary syn- 
drome, then some question would arise as to the rele- 
vance of these features in the diagnosis of hyperandro- 
genic chronic anovulation—polycystic ovary syndrome 
or alternatively that what has been considered to be 
polycystic ovary syndrome may, in fact, constitute sev- 
eral different disorders. 

Known similarities in our groups of patients with 
hyperandrogenic chronic anovulation were LH, testos- 
terone, and estradiol levels. That obesity and the prev- 
alence of hirsutism is variable in polycystic ovary syn- 
drome has been known for some time.* Japanese 
women had significantly lower ideal body weight and 
were not characteristically obese. Similarly, in spite of 
similar levels of LH and serum androgen, Japanese 
women were not hirsute. We have shown previously that 
what determines the manifestation of hirsutism in poly- 
cystic ovary syndrome are peripheral factors, specifi- 
cally 5a-reductase activity.” In keeping with this, serum 
3a-androstanediol glucuronide, a marker of skin 5a- 
reductase activity, was significantly lower in Japanese 
women and was elevated in North American and Italian 
women, where the prevalence of hirsutism in this study 
was 60% to 75%, respectively. 

We have shown previously that the prevalence of 
elevated levels of DHEA sulfate in polycystic ovary 
syndrome is at least 50% in our population.'* This was 
confirmed again here. Of significance, however, was the 
finding that the levels of DHEA sulfate and the preva- 
lence of this elevation among Japanese and Italian 
women with hyperandrogenic chronic anovulation was 
very similar to that of our group in the United States. 
Serum 118-hydroxyandrostenedione is an excellent 
marker of adrenal androgen excess’? and may have 
more specificity for the adrenal gland than the mea- 
surement of DHEA sulfate.’° These measurements were 
also similar in the three groups and suggest that in spite 
of differences in weight, diet, and genetic and environ- 


Ethnic variations in polycystic ovary syndrome 1811 


mental factors, the prevalence of adrenal androgen 
excess in hyperandrogenic chronic anovulation is fairly 
constant and occurs in up to two thirds of patients. 

Although fasting insulin levels were lower in Japanese 
compared with North American and Italian women, 
insulin resistance, as defined by the insulin tolerance 
test, was similar in the three groups. The lower fasting 
insulin levels in Japanese women may be explained by 
their lower body mass; a highly significant correlation 
existed between fasting msulin and ideal body weight in 
all groups. This also reinforces the notion that fasting 
insulin levels alone may not be able to diagnose insulin 
resistance in hyperandrogenic chronic anovulation. 

Insulin resistance, as defined by the insulin tolerance 
test, occurred in approximately 70% of all patients and 
was similar in these three ethnic groups. This lends 
credence to the notion that insulin resistance may be 
central to the pathogenesis of polycystic ovary syn- 
drome and appears to be a characteristic of all patients 
with this diagnosis. 

Few data exist on the ethnic diversity of patients with 
polycystic ovary syndrome—hyperandrogenic chronic 
anovulation. Considerable controversy also surrounds 
the diagnosis of this syndrome. Although our purpose 
here was not merely to characterize ethnic diversity in 
three groups of women, we feel our data are of interest 
in that similarities among patients may help determine 
important characteristics of the syndrome. Along these 
lines, it could be argued that our American patients 
only characterize one particular group in the United 
States and, indeed, our patient population might more 
closely resemble other patients around the world who 
are of Hispanic descent. Our data have reinforced the 
notion that although androgen, estrogen, and gonado- 
tropin levels are similar in different ethnic groups, body 
mass and the presence of hirsutism need not be. Fur- 
ther, in spite of these differences, adrenal androgen 
excess is fairly uniform, occurring in at least 50% of 
patients and insulin resistance is a characteristic of the 
majority of women with hyperandrogenic chronic an- 
ovulation. 
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Lipoprotein abnormalities in hirsute women 


IJ. Compensatory responses of insulin resistance and 
dehydroepiandrosterone sulfate with obesity 


Robert A. Wild, MD,* Petar Alaupovic, PhD,’ James R. Givens, MD, and Ivy J. Parker, RN° 


Memphis, Tennessee 


OBJECTIVE: The purpose of our study was to further understand interrelationships between insulin, 


androgens, obesity, and apolipoprotein metabolism. 


STUDY DESIGN: In this University cross-sectional observational study for hypothesis generation, 53 
women with hirsutism-hyperandrogenism were ternately divided according to body. mass index Into the 
following groups: 22 to 28 (n = 17), 29 to 36 {n = 19), 37 to 61 {n = 17), and 16 controls. Mean 
hormone and clinical parameters were compared by using the Student t test, analysis of variance, and 


Pearson correlation. 


RESULTS: Dehydroepiandrosterone sulfate correlated negatively with fasting insulin (= 0.4, p <0. 05) 
and reached significance in those most obese. Unbound testosterone concentrations were 24.7, 38.9, 

and 31.9 ng/dl, respectively. Dehydroepiandrosterone sulfate concentrations were 2.8, 2.3, and 2.3 pg/dl, 
respectively; their ratios were 13.4, 18.6, and 20.4, respectively, even though mean fasting insulin 
concentrations (reflecting insulin resistance) were 13.0, 20.4, and 42.6 pU/mi, respectively. Although 
more atherogenic apolipoprotein profiles and higher fasting insulin concentrations were found with 
greater body weight, lipid-insulin interrelationships may reflect dehydroepiandrosterone sulfate interaction. 
CONCLUSIONS: We hypothesize that dehydroepiandrosterone sulfate dampens the effect of insulin 
resistance, which in turn is reflected in apolipoprotein profiles in women with 
hirsutism/hyperandrogenism. (Am J Oastet Gynecol 1992;167:1813-8.) 


Key words: Dehydroepiandrosterone sulfate, obesity, insulin 


Women with hirsutism-hyperandrogenism are bio- 
logic experiments in nature that illustrate hormonal 
determinants of cardiovascular risk. They have unfavor- 
able lipoprotein and apolipoprotein lipid profiles’ com- 
pared with normal women; these unfavorable profiles 
are apparent even when matched for body weight.’ 
Interventional studies with gonadal suppression’ have 
followed-up cross-sectional observational studies” to de- 
termine that insulin resistance common in women with 
hirsutism/hyperandrogenism whether or not they are 
obese has more of an effect on apolipoprotein metab- 
olism than does endogenous testosterone. We hypoth- 
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esize that insulin resistance is the body’s compen- 
satory respohse to weight gain. We provide evidence 
compatible with the working hypothesis that dehy- 
droepiandrosterone sulfate (DHEAS) secretion—action 
may be a compensatory ameloriative response to in- 
sulin resistance that is reflected in apolipoprotein 
profiles. 


Material and methods 

Fifty-three women complaining of hirsutism and doc- 
umented to have above-normal unbound testosterone 
or dehydroepiandrosterone sulfate concentrations were 
evaluated by history, physical examination, determina- 
tion of sex steroids, fasting lipids, apolipoproteins, 
insulin, and glucose. Women with Cushing’s disease, 
hypothyroidism, prolactinomas, or androgen-secreting 
tumors were excluded. Controls were 16 nonhuirsute, 
regularly menstruating women sampled in the prolifer- 
ative phase of the menstrual cycle. A portion of these 
data has been reported previously.’ Sex steroid and 
insulin levels were determined by radioimmunoassay 
with well-established procedures. Lipids and apolipo- 
proteins were Centers for Disease Control—standard- 
ized and likewise performed by well-established proce- 
dures.” Glucose determinations were performed with a 
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Table I. ‘Cliriical characteristics 














Normal 
(n = 16) 
(mean + SD) 


Hirsute 
(n = 53) 
(mean + SD) . 





Age (yr) 31.8 + 6.1 33.5 £0.8 * 
Weight (lb) 202.2 & 53.5% "° -132.2 + 15.3 
. Body mass index 34.3 + 8.6* 22.1.2 157 
Systolic blood pressure 123.1 £12.8t 106.4 + 13.4 
(mm Hg) | 
“Diastolic blood pressure 75.8 + 7.6 66.0 + 8.0 ` 
(mm Hg) os oon 
Waist-hip 0.8 + 0.07f 0.7 + 0.04 
Hirsutism (Ferriman and 24.6 + 8.0* — 2.5 + 5.1 
Gallway) = i 
Menses (No./yr) 8.1 + 4.1f 12.0 
Diet score§ 33.1 + 34.3 17.9 + 35.7 
Exercise score§ 20+08 — 1.6 + 0.8 
Family history of cardio- 2.4 + 0.8 23:2 0:8 


vascular disease 


*p < 0.0001. 

. tp < 0.01. 
tp < 0.001. 
§Immediate recall. 


“Table II. Serum glycoprotein, androgen, and 
estrogen levels 









Hirsute `` Normal 
. (n = 47) ». (m = 16) 
(mean + SD) (mean + SD) 






Luteinizing hormone 14.8 + 19.5 11.7-+ 7.0 . 
(mIU/ml) - 

Follicle-stimulating 10.9 + 8.4 9.4 + 3.7 . 
hormone (mJU/ml) l 

Testosterone (ng/dl) 90.0 + 38,1* 30.7 + 8.3 

Unbound testosterone 32.0 + 20.3* 4.3 + 3.0 
(ng/dl) l 

Sex hormone-binding w + 24.1% ; 99.1 + 43.4 - 
globulin (nmol/L) 

DHEAS (g/ml) 94+ 1.9 . 11 +06 `’ 
Estradiol (pg/ml) 61.3 + 4).1¢ 102.1 + 65.5 
*h < 0.0001. 
tp < 0.001. 
tp < 0.05. 


` glucose analyzer (Glucose Analyzer II, Beckman Instru- 


ments, Brea, Calif.). For statistical comparison, women 
with hirsutism-hyperandrogenism were divided accord- 
ing to body mass index into ternary cells of approxi- 
. mately equal number. Mean hormone concentrations 
and clinical parameters were compared by using Stu- 
dent’s ¢ test and analysis of variznce (after log transfor- 


mation when. indicated) with SAS (SAS. Institute, Inc., 


Cary, N.C.).. 


Results , 

The clinical characteristics of the women with hirsut- 
ism/hyperandrogenism and normal, nonobese women 
are shown in Table I. Serum glycoprotein, androgen, 
‘and estrogen concentrations are contrasted in Table II. 
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Table iil. Lipoprotein lipids, apolipoproteins, 
and ratios 













Hirsute — Normal 
(n = 53) (n = 15) 
(mean = SD) | (mean + SD) 








Triglycerides (mg/dl) 


114.3 + 75.9* 56.0 + 27.9 
Cholesterol. . 200.0 + 39.0t 172.0 + 23.6 
High-density lipoprotein- 47.8 + 8.6f 56.3 + 13.1 
- cholesterol A 
Very-low-density lipopro- 128.7 + 35.7{ 103.4 + 25.6 
. tein—cholesterol s 
Very-low-density lipopro- 22.8 + 15.2* 12.3 + 7.4 
_ tein—cholesterol l 
Apolipoprotein A-I 139.8 + 19.2 151.7.+ 29.0 
Apolipoprotein A-H "79.4 + 13.5 72.7 + 10.8 
Apolipoprotein B 100.1 + 30.8 85.3 + 19.2 
Apolipoprotein C-IIT 11.2 + 4.6 14.5 + 21.0 
Apolipoprotein G-IN R 234 1.9 2.9 + 2.4 
Apolipoprotein C-III HS 6.2 + 1.8 5.9 + 1.2 
Apolipoprotein C-III HP 4.4 + 3.5 2.9 + 1.5 
Apolipoprotein E 15.5 + 4.6 13.6 + 4.0 
*h < 0.001. 
tp < 0.01. 
tp < 0.05. 


Table IV. Indexes of insulin resistance 











- Normal 
(n.= 16) 
(mean + SEM) 


Hirsute 
(n = 53) 
(mean + SEM) 








Sex hormone— 40.4 + 24,1* 99.1 + 43.4 
binding globulin 
(nmol/L) 

Unbound testoster- 32.0 + 20.3* 4.3 + 3.0 

- one (ng/dl) 

Unbound testoster- 17.6 + 14.3* 4,7 + 3.7 
one/DHEAS , l 

Fasting insulin (pU) 25.0 + 24.5ł 11.7 + 3.6 

Fasting glucose 83.8 + 11.2 80.8 + 8.5 


(ng/dl) 


*» < 0.0001. 
tp < 0.01. 


Their acalinepratell lipid profiles are compared in 


Table HI. Table IV contrasts both patient groups as to 
indexes of insulin resistance, mean + SD, and ‘clinical, 
lipid, and apolipoprotein values are given. Hyperinsu- 
linemia is a measure of insulin resistance. Fasting insu-- 
lin is a measure of the magnitude’‘of insulin resistance. 
In Fig. 1 fasting insulin, unbound testosterone, DHEAS, 
and the ratio unbound testosterone/DHEAS are com- 
pared according to body mass index. The figure dem- 
onstrates the incremental changes in the ratio unbound 
testosterone/DHEAS in camparison with fasting insulin, 
unbound testosterone, and DHEA according to body 


‘mass index. Note that although fasting insulin concen- 


trations go up with increasing body mass index, un- 


bound testosterone concentrations are lower than ex- 
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Fig. 1. Incremental comparisons of mean unbound testosterone/DHEAS ratio with mean fasting 
insulin, unbound. testosterone (uT), and DHEAS concentrations as an index of insulin resistance in 
women with hirsutism-hyperandrogenism according to body mass index (BMI) and contrasted with 
_ normal women. Note that DHEAS and fasting insulin concentrations are negatively correlated and 
that unbound testosterone/DHEAS ratio levels off with increasing body mass index. Unbound 
testosterone concentrations are lower than expected, with the elevated fasting insulin concentrations 


in the most obese women. 


pected from the magnitude of the insulin resistance (as 
reflected in high fasting insulin concentrations in the 
very obese women). We expect greater concentrations 
of unbound testosterone because of insulin’s effect on 


the ovary or the liver to diminish sex hormone—binding’™ 


globulin and therefore metabolic clearance, possibly 
because of the ameliorative effect of dehydroepiandros- 
terone sulfate on insulin resistance as reflected in cir- 
culating unbound testosterone concentrations. The un- 
bound testosterone/DHEAS ratios were 20.4 in the 
body mass index 37.to 61 group of women with hirsut- 
ism/hyperandrogenism versus 18.6 in those with body 
mass indexes of 28 to 37. In the normal women the 
mean unbound testosterone/DHEAS ratio was 4.7. The 


ratio unbound testosterone/DHEAS correlates with fast-- 


ing insulin (r = 0.6, p < 0.001) in the entire group of 
women with hirsutism-hyperandrogenism. DHEAS cor- 
related negatively with fasting insulin (r= —0.4, 
p < 0.05) and reached statistical significance in those 
most obese (body mass index 37 to 61). More athero- 


genic apolipoprotein lipid profiles and higher fasting 
insulin concentrations are found in women with hirsut- 
ism/hyperandrogenism and are more severe with 
greater body mass index. Table V demonstrates that 
with increasing body mass index, women with hirsut- 
ism/hyperandrogenism have lower high-density lipo- 
protein—cholesterol, apolipoprotein A-I and apolipo- 
protein A-II. concentrations, higher triglycerides, very 
low-density lipoprotein— and low-density lipoprotein— 
cholesterol concentrations, and higher apolipoprotein 


‘C-UWI-heparin precipitate values. However, when body 


mass index 27 to 37 and body mass index 37 to 61: 
patients are compared there is not always a direct linear 
relationship between hyperinsulinemia (a reflection of 


_insulin resistance and severity of the atherogenic pro- 


file (possibly because of the effect of DHEAS). Graphic 


display of the lipoprotein lipids in comparison with 
fasting insulin concentrations according to body mass 
‘index is shown in Fig. 2. As Figs. 1 and 3 and Table V 


are compared and as illustrated in Fig. 3, the lack of the 
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Table V. peli hasan lipids, and apolipoproteins grouped by body mass index 







22-28 
(n = 17) ~ 
(mean + SD) 


Cholesterol (mg/dl) 184.8 + 29.5 
Triglycerides 76.5 + 55.6 
Very-low-density lipoprotein— 15.22 34,1 
cholesterol 
Low-density lipoprotein—cho- 115.6 + 24.4 
lesterol T ee 
High-density lipoprotein 52.6 + 8.2 
cholesterol i 
Apolipoprotein A-I 147.2 + 19.4 
Apolipoprotein A-II 78.6 + 13.7 
Apolipoprotein B . 87.1 + 22.7 
Apolipoprotein C-III 9.3 + 3.8 
Apolipoprotein C-III-R 4.0 + 2.5 
Apolipoprotein C-II-HS 6.1 + 1.8 
Apolipoprotein C-ITI-HP 2.6 + 3.6% 
Apolipoprotein E ° 13.6 + 4.6 
*p < 0.05. 
tp < 0.01. 


expected worsening of some aspects of the atherogenic 
profile in severe obesity may be the result of the 
influence of the ameliorative effect of dehydrcepi- 
androsterone sulfate on the lipoprotein lipid response 
to insulin resistance in these women with hirsutism- 
hyperandrogenism. 


Comment 

In this cross-sectional investigation we found that 
women with hirsutism-hyperandrogenism not only have 
the previously reported lipoprotein lipid profiles char- 
acterized by low levels of high-density lipoprozein— 
cholesterol and higher triglycerides than are found in 
normal women,” they have higher cholesterol and low- 
density lipoprotein—cholesterol concentrations as well. 
Although high cholesterol, particularly low-density lipo- 
protein—cholesterol, is the most widely recognized lipo- 
protein lipid risk factor,® there is increasing evidence 
that the combination of low levels of high-density lipo- 
protein—cholesterol and higher-than-normal triglycer- 
ides is an atherogenic profile that accounts for much 
premature coronary vascular disease not accounted for 
by elevated cholestérol.”? The <ombination of low levels 
of high-density lipoprotein—cholesterol and high tri- 
glycerides (whose metabolisms are intimately related) 
may well reflect the effect of insulin resistance on 
lipoprotein lipid metabolism. Women with hirsutism- 
hyperandrogenism have insulin resistance whether or 
not they are obese® °; because they have endogenous 
androgen, estrogen excess, and insulin resistance, they 
are biologic experiments in nature that illustrate hor- 
monal determinants that may impinge on risk <actors 
that influence vascular atherogenicity and hence coro- 
nary vascular disease. Lessons learned from their eval- 


Body mass indexes of women with hirsutism-hyperandrongenism 













Normal body 

37-€1 mass index 

(n = 17) (n = 22) 
(mean + SD) (mean + SD) 








216.8 + 43.2* 196.4 + 37.6 172.0 + 23.6 
135.1 + 94.6t 128.9 + 57.7 56.0 + 27.9 
27.0 + 18.8t 25.7 + 11.6 12.3 + 7.4 
142.0 + 38.2% 127.1 + 38.7 103.4 + 25.6 
47.3 + 5.7 43.6 + 9.6 56.3 + 13.1 
142.1 + 14.9 129.9 + 20.2* 151.7 + 29.0 
84.9 + 8.0 73.4 + 16.3t 72.2 + 10.8 
106.4 + 31.3 106.2 + 34.5 85.3 + 19.2 
13.6 + 5.0% 12.1 + 4.1 14.5 + 21.0 
1.6 + 1.0* 1.6 + 0.8 3.0 + 2.4 
6.4 + 1.6 6.1 + 2.2 5.9 + 1.2 
5.8 + 3.9% 4.5 +2] 2.9 + 1.5 
16.2 + 3.6* 16.5 = 5.4 13.6 + 4.0 


uation may give Insight into why men and women differ 
with respect to incidence and severity of cardiovascular 
disease.’° We have previously shown that insulin resis- 
tance has a more profound influence on lipoprotein 
lipid metabolism in our patients with hirsutism-hyper- 
androgenism than does endogenous androgen.’ 
Although women with hirsutism-hyperandrogenism 
have insulin resistance even when they are not obese, 
they are often troubled with problems of excess body 
weight. Obesity aggravates insulin resistance; for that 
reason the confounding effects of obesity as they im- 
pinge on lipoprotein lipid metabolism in women with 
hirsutism-hyperandrogenism have been difficult to 
study. Lipoprotein lipid metabolism is influenced by a 
host of factors, not the least of which are hormonal 
influence, dietary fat and fiber content, exercise, and 
genetics. We evaluated women with hirsutism-hyper- 
androgenism to determine insights into the effects of 
hormonal factors in the obese women with hirsut- 
ism-hyperandrogenism we are studying. When we con- 
trasted the normal women with those with hirsut- 
ism-hyperandrogenism according to body mass index, 
some fascinating insights developed. Our working hy- 
pothesis is that the unbound testosterone/DHEAS ratio 
is an indicator of adrenal androgen production and is a 
reflection of the ameliarative effect of DHEAS on insu- 
lin resistance and ovarian androgen production and 
metabolism in women with hirsutism-hyperandro- 
genism. We found that there was a graded response of 
lipoprotein lipid profiles according to degree of obesity 
in parallel with a graded degree of insulin resistance. 
But interestingly, DHEAS (a reflection of adrenal an- 
drogen secretion)'’ correlated negatively with fasting 
insulin (an indicator of insulin resistance in the women 
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Fig. 2. Incremental comparison of mean lipoprotein lipid concentrations (triglyceride /TG/-, low- 
density lipoprotein /LDL/-, and high-density lipoprotein /HDL]—cholesterol) as an index of the effects 
of insulin resistance (and possibly DHEAS amelioration) according to body mass index (BMI). 
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Fig. 3. Hypothetic interrelationships between adrenal DHEAS and insulin resistance in women with 
hirsutism-hyperandrogenism. 
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with hirsutism-hyperandrogenism, reaching statistical 
significance in those who were most obese. When the 
unbound testosterone/DHEAS ratios are compared in 
those with body mass indexes 28 to 37 versus body mass 
indexes 37 to 61, as expected, greater ratios were seen 
in those most obese. However the incremental increase 
was not as great as expected. We hypothesize that this 
is because of the effect of adrenal DHEAS that may well 
improve insulin sensitivity. The effect of insulin resis- 
tance is reflected at the site of the ovary by increased 
testosterone secretion from the stromal compartment 
and at the site of the liver, as witnessed by lower 
sex hormone—binding globulin concentrations, which 
in turn affect androgen metabolic clearance. Althouzh 
this cross-sectional observation requires confirmation 
with interventional studies and determination of pro- 
duction rates of DHEAS, insulin, and testosterone, 
there is in vitro and in vivo evidence that DHEA 
improves insulin sensitivity in women with hyperan- 
drogenism.'*'* On the other hand there is some evi- 
dence that insulin inhibits adrenal 17,20-lyase activity 
and possibly augments tissue 5a-reductase activity.-° 
The exact relationships and mechanism of interaction 
of insulin and most all aspects of steroidogenesis, in- 
cluding unbound testosterone and DHEAS, remain to 
be more clearly defined. 

Many have studied the effects of insulin on lipopro- 
tein lipid metabolism, particularly in late-onset diabetic 
patients, from the perspective of the deleterious effects 
of insulin and have viewed insulin resistance as an 
unfortunate development. We propose an alternative 
view based on a teleologic perspective: Insulin resis- 
tance may be from one or more genetic defects (possi- 
bly the myriad of altered molecular mechanisms lead- 
ing to insulin resistance may be evolutionary for the 
same reason), but it might also be a compensatory 
response of the body to weight gain. When the body is 
exposed to excess energy sources, the effects of insulin 
can be quite deleterious. On the other hand, our ob- 
servations are also compatible (but certainly do not 
prove) with our working hypothesis that adrenal 
DHEAS production may be a response to the ravages of 
the effects of insulin resistance. Further studies are 
planned to test this hypothesis. Fig. 3 illustrates these 
hypothetical interrelationships. Hyperinsulinemia re- 
flects insulin resistance, and insulin resistance anc its 
modulators are focal to the demonstrated lipoprotein 
lipid abnormalities. 
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Increased circulating levels of immunoreactive 


B-endorphin in polycystic ovary syndrome is not caused by 


increased pituitary secretion 


Enrico Carmina, MD,’ Edward C. Ditkoff, MD,” Graziella Malizia, MD," Ariel G. Vijod, MS,” 
Alberto Janni, MD,* and Rogerio A. Lobo, MD* 
Palermo, Italy, and Los Angeles, California 


OBJECTIVE: Our purpose was to investigate the source and role of elevated levels of immunoreactive 
B-endorphin in polycystic ovary syndrome. We wished to determine whether immunoreactive B-endorphin 
secretion in patients with polycystic ovary syndrome is influenced by body weight and whether the 
pituitary release of immunoreactive B-endorphin with corticotropin-releasing hormone is related to 
luteinizing hormone levels or adrenal androgen secretion. 

STUDY DESIGN: Eighteen patients with polycystic ovary syndrome and 10 ovulatory controls were 
studied. Each subject received 1 pg/kg intravenous corticotropin-releasing hormone and an oral glucose 
tolerance test on alternate days. Levels of plasma immunoreactive B-endorphin, corticotropin, luteinizing 
hormone, cortisol, adrenal androgens, and insulin were measured. 

RESULTS: Although immunoreactive B-endorphin levels were elevated in patients with polycystic ovary 
syndrome (p < 0.01), incremental responses after corticotropin-releasing hormone were similar to 
controls and were not influenced by body weight. Serum luteinizing hormone levels were not affected by 
corticotropin-releasing hormone and did not correlate with immunoreactive B-endorphin levels. Adrenal 
androgen responses after corticotropin-releasing hormone were increased in patients with polycystic 
ovary syndrome {p < 0.01) but were not correlated with immunoreactive B-endorphin secretion. After oral 
glucose was given, elevated fasting insulin levels increased significantly in patients with polycystic ovary 
syndrome (p < 0.01), as did immunoreactive B-endorphin levels (p < 0.05). The increases in insulin and 
immunoreactive B-endorphin levels were correlated (p < 0.05). 


CONCLUSIONS: Pituitary secretion of immunoreactive B-endorphin is normal in patients with polycystic 
ovary syndrome, and pancreatic secretion appears to be increased. Corticotropin-releasing hormone 
does not influence luteinizing hormone levels, and adrenal androgen sensitivity is not influenced by 
immunoreactive B-endorphin secretion, (AM J Osster Gyneco 1992;167:1819-24.) 


Key words: B-endorphin, polycystic ovary syndrome, corticotropin-releasing hormone, 


pancreas, insulin 


Several years ago we showed that psychologic stress is 
more prevalent in women with polycystic ovary syn- 
drome and offered this prevalence as a possible expla- 
nation for some of the known neuroendocrine abnor- 
malities found in this syndrome." ° Along these lines we 
and others found plasma immunoreactive B-endorphin 
levels to be increased in patients with polycystic ovary 
syndrome.*” Body weights of patients with polycystic 
ovary syndrome have been found to correlate with 
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immunoreactive B-endorphin levels” *; in our own pa- 
tients immunoreactive §-endorphin levels correlated 
with levels of the adrenal androgen dehydroepiandros- 
terone sulfate (DHEAS).° Nevertheless, brain opioid 
activity has been hypothesized to be either decreased? 
or unaltered in patients with polycystic ovary syn- 
drome.’ It is accepted that a dissociation exists between 
brain and peripheral levels of immunoreactive B-en- 
dorphin. 

The purpose of our study, therefore, was to further 
establish the relevance of elevated immunoreactive B- 
endorphin levels in the pathophysiology of polycystic 
ovary syndrome. Specifically, we wished to determine (1) 
whether pituitary immunoreactive B-endorphin secre- 
tion is increased in patients with polycystic ovary syn- 
drome and whether plasma immunoreactive f- 
endorphin levels are influenced by body weight, (2) 
whether luteinizing hormone levels (LH) may be modi- 
fied by corticotropin-releasing hormone (CRH) levels in 
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Fig. 1. Compariscn of kasal plasma :mmunoreactive B-encor- 
phin, corticotropin (AGTH) and szrum cortisol (F) levels 
between control (C) subjects (open bars) and subjects with 
polycystic ovary syndrome (PCO) (hatched bars). Two asteresks, 
Differences between basal plasma levels of immunoreactive 
B-endorphin between control and with polycystic ovary syn- 
drome subjects (p < 0.01). 


patients with polycystic ovary syndrome, and (3) whether 
adrenal androgen secretion in polycystic ovary syndrome 
is correlated with pituitary B-endorphin release. 


Material and methods 
Subjects. Eighteen women aged 18 to 30 years with 
polycystic ovary syndrome were studied. The diagncsis 
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Table I. Basal LH and serum androgens in 10 
normal controls and 18 patients with 
polycystic ovary syndrome 










Polycystic 
ovary syndrome 
{mean + SEM) 





Controls 
(mean + SEM) 


Serum 
androgens 





LH (IU/L) 11.1 + 0.5 20.3 + 1.2* 

Androstenedione 58.3 + 6.3 105.1 + 13.3* 
(pmol/L) 

11-Hydroxyandros- gay i a $4.5 7.0" 
tenedione 
(pmol/L) 

DHEAS (pmol/L) 457 + 73 826.9 + 100.6* 


DHEA (pmol/L) 123.5 + 11.4 915.3 + 27.4" 


*p < 0.01, versus normals. 


of polycystic ovary syndrome was made on the basis of 
the following clinical and laboratory data: Perimenar- 
chial onset of menstrual irregularities, chronic anovula- 
tion, elevated LH levels, an LH/follicle-stimulating hor- 
mone ratio >2, and elevated serum testosterone or 
DHEAS levels. No patient was virilized, and all had 
normal responses of 17a-hydroxyprogesterone to exog- 
enous corticotropin. 

Ten ovulatory controls 13 to 28 years of age were also 
studied. Controls were selected to be of similar body 
weight as women with po-ycystic ovary syndrome and 
were 115% + 4% (mean + SEM) of ideal body weight; 
women with polycystic ovary syndrome were 119% + 
5% of ideal body weight. However, the wide range and 
greater number of subjects with polycystic ovary syn- 
drome afforded the possibility of dividing this group 
into those of normal body weight (< 120%; n = 11; 
104.4% + 1.5% ideal body weight) and those who were 
considered obese (>12C%; n = 7; 142.9% + 1.7% 
ideal body weight). 

Protocol. The patients and controls were studied 5 to 
8 days after progestin-induced or spontaneous menses. 
Two separate days of testing were required for a CRH 
test and an oral glucose tolerance test. These tests were 
carried out in random sequence. 

Each subject received 100 gm oral glucose between 8 
aM and 9 am in the fasting state; blood samples were 
obtained at times 0, 15, 30, 60, 90, 120, 150, and 180 
minutes for glucose, insulm, corticotropin, and immu- 
noreactive B-endorphin. On a separate day, 1 pg/kg 
ovine CRH (Cambridge Research Biomedicals Ltd., 
Cambridge, England) was administered between 8 Am 
and 9 am as an intravenous bolus; blood was obtained at 
— 30, —15, 0, 30, 60, 90, and 120 minutes. The blood 
was collected on ice and immediately centrifuged and 
frozen at — 70° C until ana_yzed. Corticotropin, cortisol, 
immunoreactive B-endorphin, LH, androstenedione, 
dehydroepiandrosterone (DHEA), DHEAS, and 11-hy- 
droxyandrostenedione levels were measured in plasma. 


Volume 167 
Number 6 


i 8-EP (pmol/L) 
aN 


C NON-OBESE 


SN 
090006668 
LLS 
5505 
EELSES 
ELLES 
ELESSE 
525555255 
EELSES 
552055 
0552550552505 
LLELE 
OELSE 
LEKE 


B-Endorphins in polycystic ovary syndrome , 1821 


NO, ee 


wr, 


MITC 
SOS? 505269 


=? 
e 
Z 
S 
056 
i 
S 
lS 
S 
è 


x 


= 


+. 


CXF 
O 


OORS 
OOK 
- X54 


‘> 


ow, 


RERI 
KN 
555 

524 
“ete 
aseee, 
So 
050505 
rare 


N 


+ 
PPP 


OBESE 


PCO PUD 


Fig. 2. Comparison of incremental responses of immunoreactive B-endorphin levels to ovine CRH 
between control (C) subjects (open bar), nonobese patients with polycystic ovary syndrome (PCO; striped 
bar) and obese subjects with polycystic ovary syndrome (hatched bar) reveal no significant differences. 


Assays. Immunoreactive B-endorphin was deter- 
mined by a radioimmunoassay kit (INCSTAR, Minne- 
apolis) after purification bv affinity chromatography. 

Corticotropin levels in plasma was measured by a 
radioimmunoassay kit (Radioassay Systems Laborato- 
ries, Inc., Carson, Calif.). Cortisol was determined by a 
commercial radioimmunoassay kit (Mallinckrodt, Diag- 
nostika, Dietzenbach, West Germany). Plasma LH, an- 
drostenedione, DHEA, DHEAS, and 11-hydroandros- 
tenedione levels were measurd by radioimmunoassay by 
our established methods.*”” For these assays intraassay 
and interassay coefficients of variation did not exceed 
8% or 12%, respectively. 

Statistical analyses. Statistics were obtained by using 
Student’s ¢ test with and without log transformation and 
by analysis of variance. Regression analyses were per- 
formed by the method of least squares. 


Results 


Compared with controls, patients with polycystic 
ovary syndrome had elevated levels of LH and all serum 
androgens (Table I}. Plasma immunoreactive B-endor- 
phin levels were significantly elevated in pooled sam- 
ples of patients with polycystic ovary syndrome com- 
pared with controls (p < 0.01), and levels of corticotro- 
pin and cortisol were similar (Fig. 1). When patients 
with polycystic ovarv syndrome were divided into obese 
(n = 11) and not obese subgroups (n = 7), immunore- 
active B-endorphin levels were similar (6.3 + 0.8 
pmol/L vs 6 + 0.5 pmol/L, respectively). 

However, the incremental or change in responses of 


immunoreactive B-endorphin after CRH were similar in 
patients with polycystic ovary syndrome and in controls. 
The responses of corticotropin and cortisol, although 
rising significantly, were also similar in each group. 
Separating the responses of immunoreactive B-endor- 
phin after CRH into those subgroups of patients with 
polycystic ovary syndrome who were either obese or not 
obese also did not show differences when compared 
with controls (Fig. 2). ) 

Although glucose curves were similar in the two 
groups (data not depicted), after oral glucose insulin 
responses were greater in patients with polycystic ovary 
syndrome compared with controls (p < 0.001) but did 
not correlate with body weight. Although corticotropin 
responses to glucose were similar in the two groups, 
immunoreactive B-endorphin levels were significantly 
elevated in patients with polycystic ovary syndrome 
(p < 0.05; Fig. 3). Again, this increased’ response was 
independent of body weight. 

Plasma LH levels, which were elevated in polycystic 
ovary syndrome, were not affected by CRH in either 
patients with polycystic ovary syndrome or controls 
(Fig. 4). 

Levels of adrenal androgens 11-hydroandrostenedi- 
one, androstenedione, and DHEA were elevated in 
baseline samples; they increased further after CRH, 
showing significantly increased responses compared 
with responses in controls (Fig. 5). 

No correlations could be found between the incre- 
ment in immunoreactive B-endorphin after CRH and 
LH levels in patients with polycystic ovary syndrome or 


1822 Carmina et al. 


M conos 










iB-EP (pmol/L) 


te 


v, 








(x 
ore". 
30200 
DOUT 







Na 
x 
xe 






KOC 
E RAO! 


- 
° 
DO 

è 





I? 


On 
A" 


SS 
x 
* 


2 


ON 
eX 
Se 
4 
CA 
os. 
505 
OOo) 
+ 
b: 


' > 
S $2425 4 ILAS S 
_~ ESS OK 
Lx KM, OSSIOL) 
= REELS ESS 
— ett, OOO 
"5 SSES OCEN 
PISAS] S554 
= 4 KISS SSS 
G + tt OEC 
KK KA SSS 
RRI RERS 
x oe] OOS 
ARAI ALA OO 
p S RSS 
F l EST ROS 
` - (X OOX L] 
i 0.0. 0.4 (<>< 
: KESS 5’ 
RLI 1528S 
LL 5525S 
` MOY) a 5052 4 
00.0.4 ee 


+ 
BOC] RS 


T 







v TVT 
90909000000 
C) SSeS 
@ 6:0 
V5 75 


. INSULIN (pmol/L) 


ava Vavava 


TIME (min). 


Fig. 3. Comparison of responses of immunoreactive B-encor- 
phin, corticotropin (ACTH), and insulin to 100 mg oral glucose 
after 60 minutes between control (C) subjects (open bars) ‘and 
- subjects with polycystic ovary syndrome (PCO; hatched bers). 
Plus, Differences between baseline levels in patients with poly- 
cystic ovary syndrome and controls (p < 0.01); two astercsks, 
differences between ‘baseline and peak, responses in both 
‘controls and patients with polrcystic .ovary syndrome 
(p < 0.01); one asterisk, difference in immunoreactive B-endor- 
phin response in patients with polycystic ‘ovary syndrom 

(p < 0.05). ~- , ’ i 


controls. Similarly, the increases in immunoreactive 
B-endorphin did not correlate with the increments of 
11-A; DHEA, or androstenedione levels after CRH. 
Plasma corticotropin levels also did not correlate with 
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` increased responses of 11-hydroandrostenedione, an- 


drostenedione, and DHEA. . 

After oral glucose, the increase in immunoreactive 
8-endorphin levels correlated with the increase in insu- 
lin levels in patients with polycystic ovary syndrome 
(r = 0.64; p < 0.05). 


Comment 


Our purpose in this paper was to determine whether 
elevated levels of immuncreactive B-endorphin in pa- 
tients with polycystic ovary syndrome are related to 
increased pituitary production and whether or not this 


_ is influenced by body weight. Furthermore, we wished 


to determine whether elevated levels of LH in patients 
with polycystic ovary syncrome may be influenced by 
CRH secretion and whether elevated levels of adrenal 
androgens are related to immunoreactive B-endorphin 
secretion. | 

We found that, although immunoreactive B-endor- 


- phin levels are elevated in patients with polycystic ovary 


syndrome, body weight per se does not appear to 
contribute to this elevatian. Further, with ovine CRH 
stimulation it does not appear that the pituitary gland is 
the source of elevated peripheral levels in that incre- 
ments after ovine CRH were similar in patients with 
polycystic ovary syndrome and controls. Of consider- 
able interest was the finding that in response to oral 
glucose, plasma immunoreactive B-endorphin levels in- 
creased in patients with polycystic ovary syndrome but 
not in controls. This increase also correlated signifi- 
cantly with the known hyperinsulinemic response in 
patients with polycystic ovary syndrome. Insulin resis- 
tance in our patients did not correlate with obesity. 
These data strongly suggest, therefore, that the pan- 
creas may be an importan: source of B-endorphin, thus 
helping to explain the elevations of plasma immunore- 
active B-endorphin levels in polycystic ovary syndrome. 

Although monkey and human data have suggested 
that CRH decreases plasma LH levels,'* ' we were not 
able to confirm this in patients with polycystic ovary 
syndrome or controls. This finding is in keeping with 
more recent reports of an absent association.’* 1° Al- 
though we have not been able to study the hypotha- 
lamic effects of ovine CRH and gonadotropin-releasing 
hormone where it is possible that a negative inhibition 
may exist, our data suggest that there is no pituitary 
influence. The elevation of LH levels in patients with 
polycystic ovary syndrome, therefore, does not appear 
to be influenced by ovine CRH. 

Ovine CRH evoked significant increases in the adre- 
nal androgen levels that were already elevated in base- 
line samples: We previously suggested that there exists 
enhanced adrenal sensitivity in patients with polycystic 
ovary syndrome.” Our data further suggested that 
circulating B-endorphin and its pituitary stimulation by 
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Fig. 4. Comparison of serum levels at baseline and after 1 pg/kg ovine CRH bolus between control 
(C) subjects (open bars) and patients with polycystic ovary syndrome (PCO; hatched bars). Ovine CRH 


i 


ovine CRH does not appear to influence this enhanced 
adrenal sensitivity. As previously shown” and con- 
firmed here, the increment in corticotropin after ovine 
CRH does not explain the enhanced adrenal androgen 
response, either. Taken together, these data suggest 
that the increased adrenal sensitivity, which occurs in 
some patients with polycystic ovary syndrome, is inde- 
pendent of the known hypothalamic-pituitary factors. 
As yet we cannot exclude the possibility that a specific 
adrenal-stimulating hormone’? may be elevated in poly- 
cystic ovary syndrome. Of interest, it has been sug- 
gested that insulin may play a role in adrenal androgen 
production.” ` . 

We therefore provide evidence in this report that 
peripheral immunoreactive B-endorphin levels are not 
of pituitary origin. Although the pathophysiologic 
mechanisms operative in polycystic ovary syndrome 
remain unsettled, our data provide further strength to 
the notion that peripheral factors such as pancreatic 
insulin secretion are important. 
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Increased bioactive luteinizing hormone levels in 
postmenopausal women with endometrial cancer 


Manubai Nagamani, MD, Mark G. Doherty, MD, Edward R. Smith, PhD, and 


Yallampalli Chandrasekhar, PhD 


Galveston, Texas 


OBJECTIVE: The purpose of our study was to investigate the secretion of immunoactive and bioactive 
juteinizing hormone in postmenopausal women with endometrial cancer. 

STUDY DESIGN: Seventeen postmenopausal women with endometrial cancer and nine without cancer 
were studied. Blood samples were collected at 15-minute intervals for 360 minutes. All samples were 
assayed for bioactive luteinizing hormone by rat interstitial cell testosterone assay and for immunoactive 
luteinizing hormone by radioimmunoassay. Serum pooled from 6-hour sampling was assayed for 
follicle-stimulating hormone, total estradiol, unbound estradiol, and estrone. 

RESULTS: Patients with endometrial cancer had significantly (p < 0.01) higher bioactive luteinizing 
hormone levels (mean + SE 276 + 26 IU/L) as compared with those of control women (144 + 18 IU/L}. 
Bioactive/immunoactive ratios of luteinizing hormone were significantly higher {p < 0.01) in women with 
cancer (5.8 + 0.7) than in those without cancer (2.5 + 0.5). There was a significant (p < 0.001) positive 
correlation (r = 0.582) between unbound estradiol levels and bioactive luteinizing hormone 


concentrations. 


CONCLUSIONS: There is an increase in bioactive luteinizing hormone secretion in postmenopausal 
women with endometrial cancer. This could lead to an increase in ovarian androgen production resulting 
in increased prehormone availability for estrogen formation from peripheral conversion. (Am J Osstet 


GYNECOL 1992;167:1825-30.) 


Key words: Endometrial cancer, luteinizing hormone, bioactive luteinizing hormone 


Previous studies indicate that the postmenopausal 
ovary secretes significant amounts of androstenedione 
and testosterone and minimal amounts of estrogen.” * 
Histochemical studies indicate that the ovaries of post- 
menopausal women with endometrial cancer are ste- 
roidogenically more active than those of women without 
endometrial cancer.” * Ovarian vein steroid levels in 
postmenopausal women with endometrial cancer are 
significantly higher than those in women without en- 
dometrial cancer.* In vitro studies indicate that the 
ovarian stromal tissue of postmenopausal women is 
responsive to luteinizing hormone (LH) with an in- 
crease in the release of androstenedione.’ It is possible 
that the increase in ovarian steroid secretion that is seen 
in postmenopausal women with endometrial cancer is 
due to an increase in LH secretion. 

We undertook the current study to investigate the 
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secretion of immunoactive and bioactive LH in post- 
menopausal women with endometrial cancer. 


‘Material and methods 

Patients. Seventeen consecutive postmenopausal 
women with endometrial cancer were studied. Patients 
with any history of hormone replacement therapy were 
excluded from the study because we wanted to study 
only women in whom endometrial cancer developed 
because of inherent risk factors without any effect of 
exogenous estrogens. Clinical characteristics of these 
women are shown in Table I. The ages of the cancer 
patients ranged from 50 to 78 years and they were 
postmenopausal for ] to 25 years. Fifteen of the cancer 
patients studied were obese (> 20% above ideal body 
weight by Metropolitan Life Insurance Company ta- 
bles). The mean weight of the cancer patients was 
higher than that of the control women even though the 
difference did not reach statistical significance. Three of 
the cancer patients studied were nulliparous and had 
irregular menstrual cycles before onset of menopause. 
The rest of the patients had regular cycles before 
menopause. In all patients the diagnosis of endometrial 
cancer was established by fractional curettage of the 
uterus before the patient was admitted into the study. 
All women subsequently underwent hysterectomy and 
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Table I. Clinical data and LH levels in postmenopausal women with endometrial cancer and control women 
Immunoactive LH 


Age Years Percent ideal Bioactive LH 
(yr) menopausal body weight* Parity (IU/L) (IU/L) 


Patient No. 
l 59 9 135 12 265 56 
2 50 1 187 ] 281 39 
3 62 12 261 5 400 30 
4 55 5 162 8 444 36 
5 60 10 207 3 158 38 
6 52 2 185 7 342 58 
7 5] 1 138 2 340 86 
8 54 4 192 2 320 67 
9 58 8 247 4 224 42 
10 70 20 104 2 113 50 
ll 67 17 161 l 136 45 
12 62 12 18I 0 313 40 
13 57 7 204 5 408 60 
14 63 13 219 7 128 48 
15 74 24 113 0 164 58 
16 63 13 123 0 240 80 
17 78 25 210 3 412 52 
Mean + SEM 60.8 + 1.9 10.8 + 1.8 178 + 11 3.7 + 0.8 275.8 + 26.41 52.0 + 3.8 
Control women 
Mean + SEM 57.9 + 1.0 8.0 + 1.0 157.4 + 14.9 48+ 1.0 144.3 + 17.7 58.6 + 7.3 





*(Actual body weight/ideal body weight) x 100. 
tp < 0.001, versus controls. 


oophorectomy. Staging was in accordance with the 
International Federation of Gynecology and Obstetrics 
staging system. Patient 9 had poorly differentiated 
cancer (grade 3), patients 10 and 14 had well-differen- 
tiated adenocarcinoma (grade 1), and all other patients 
had moderately well-differentiated adenocarcinoma 
(grade 2). Patients 5, 7, 11, and 12 had stage II cancers; 
all other patients had stage I cancers. 

Nine postmenopausal women without endometrial 
cancer who were undergoing hysterectomy for nonen- 
docrine problems (cervical dysplasia, pelvic relaxation, 
stress incontinence) served as controls. The control 
women studied were comparable to the cancer patients 
in age and years since menopzuse. The endometrial 
histologic type in these patients varied from inactive to 
proliferative. None had received any hormone replace- 
ment therapy. All were multiparous and had regular 
menstrual cycles before menopause. 

All women were admitted to the Clinical Research 
Center. Each subject gave informed consent before 
participation in the study, which has been approved by 
the institutional review board. Blood samples were 
collected at 15-minute intervals for 360 minutes. The 
serum was separated immediately, and 0.1 ml of serum 
from each sample was collected in a tube markec. as 
pool. All serum samples were frozen immediately and 
stored at — 70° C until the time of the assay. 

Assay of gonadotropins. All samples, which were 
obtained at 15-minute intervals, were assayed for bio- 
active and immunoactive LH. Serum pooled from 6- 
hour sampling was assayed for follicle-stimulating hor- 


mone (FSH), total estradiol, free estradiol, and estrone. 
Immunoactive LH was measured by double-antibody 
radioimmunoassay with materials provided by the Na- 
tional Pituitary Agency of the National Institutes of 
Health as previously described.’ 

Bioassay of LH. Bioactive LH was determined by the 
method described by Dufau et al.* In this assay we used 
dispersed rat testis interstitial cells (RICT assay). The 
interstitial cells were prepared from adult rat testis by 
collagenase dispersion of decapsulated gonad. The dis- 
persed interstitial cells were resuspended in medium 
199 containing bovine serum albumin (1 mg/ml), 0.125 
mmol/L methyl isobutyl xanthine, and sodium heparin 
(100 IU/ml). The final volume of cell suspension was 
about 10 ml of medium per testis, and the concentra- 
tion of the cells was 1 x 10° cells per milliliter. The 
incubations were performed in polyethylene vials at 
37° C with shaking at 150 cycles/min under 95% air and 
5% carbon dioxide. For the standard curve each vial 
contained 2 ml of interstitial cell dispersion, 0.1 ml of 
standard hormone in medium 199—bovine serum al- 
bumin, and 0.1 ml of 5% bovine serum albumin. Addi- 
tion of 5% bovine serum albumin ensured a constant 
serum protein concentration in all the assay vials and 
throughout the standard curve. Each dose level used for 
the standard curve was incubated in triplicate. For the 
assay of serum samples, each vial contained 2 ml of 
interstitial cells, 0.1 ml of medium 199—bovine serum 
albumin, and serum samples at three dose levels. All 
assays were performed in duplicate with the addition of 
5% bovine serum albumin to ensure a constant propor- 
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tion of 0.1 ml of serum and a total incubation volume of 
2.2 ml for all assays. After incubation for 3 hours, the 
cell suspensions were transferred to polystyrene tubes 
and centrifuged at 1500 g for 15 minutes. The super- 
natant solution was assayed for testosterone by direct 
radioimmunoassay with Immuchem Testosterone [T] 
kits, after 1:20 dilution with phosphate-buffered saline 
solution. The sensitivity of testosterone assay was 10 
pg/ml. Testosterone production in the sample vials was 
compared with that of the standards used. The testos- 
terone concentrations as determined by radioimmu- 
noassay were used to generate standard curves by linear 
regression. The assay was considered valid only if the 
dose-response curves of serum samples paralleled the 
standard curve. 

LER 907 was used as a standard for both bioactive 
and immunoactive LH assays. All LH measurements 
were converted to milli-international units per milliliter 
with reference to the second international reference 
preparation of human menopausal gonadotropin. The 
biopotency of LER 907, in terms of the second inter- 
national reference preparation, was 99 IU of luteinizing 
hormone per milligram (1 mIU of human menopausal 
gonadotropin was equivalent to 10 ng of LER 907) in 
the RICT assay. The immunopotency of LER 907 is 277 
IU of LH per milligram and 53 IU of FSH per milli- 
gram in terms of the second international reference 
preparation of human menopausal gonadotropin. In- 
traassay and interassay coefficients of variation were 
4.6% and 10% for immunoactive LH assay. The intraas- 
say and interassay coefficients of variation for bioactive 
LH assay were 5% and 12%, respectively. 

Total estradiol and estrone levels were measured by 
radioimmunoassay after fractionation of the steroids by 
Celite column chromatography as described earlier.” In 
brief, the serum was extracted with ether after tracers 
were added for recovery calculations. The extracts were 
then passed through Celite columns for purification of 
the steroids. Free estradiol was determined by equilib- 
rium dialysis as described by Wu et al.'° The intraassay 
coefficient of variation was 4% for total estradiol, 7% for 
free estradiol, and 6% for estrone. All samples from 
control and cancer patients were always assayed in 
single assay. 

The Student ¢ test was used for comparing levels 
between cancer and control patients. Pulse analysis of 
LH secretion was performed by the “PC-Pulsar pro- 
gram,” which is a modification for IBM-PC of the 
“Pulsar Pulse Analysis Program” of Merriam & Wachter 
(National Institute of Child Health and Human Devel- 
opment, Bethesda, Md.).’" '* The program identifies 
secretory peaks by height and duration with the assay 
standard deviation used as a scale factor. The cutoff 
parameters for Gl to 5 were set at 3.8, 2.6, 1.9, 
1.5, and 1.2 times the intraassay standard deviation 
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used as criteria for accepting peaks one, two, three, 
four, and five points wide, respectively. The smoothing 
time, a window used to calculate the moving average, 
was set at 360 minutes. If the immunoactive and bioac- 
tive LH peaks occurred in the same or successive 
samples, the peaks were considered concordant. 


Results 

Mean hormone levels. Compared with control sub- 
jects, patients with endometrial cancer had significantly 
(p < 0.01) higher bioactive LH levels (mean + SE 
276 + 26 IU/L) than controls (144 + 18 IU/L) (Table 
I). Immunoactive LH levels in cancer patients (52 + 4 
IU/L) were not significantly different from those ob- 
served in control women (59 + 7 IU/L). Higher bioac- 
tive/immunoactive LH ratios were observed in women 
with endometrial cancer (5.8 + 0.7) than in postmeno- 
pausal women without cancer (2.5 + 0.5). The mean 
total estradiol level in women with endometrial cancer 
(62 + 7 pmol/L) was higher than that in the control 
women (48 + 2 pmol/L), but the difference was not 
statistically significant. However, unbound estradiol lev- 
els were significantly (p < 0.02) higher in women with 
endometrial cancer (0.9 + 0.1 pmol/L) than in control 
women (0.5 + 0.03 pmol/L). Estrone levels were not 
significantly different in women with endometrial can- 
cer (65 + 11 pmol/L) as compared with those in women 
without cancer (58 + 7 pmol/L). There was significant 
(p < 0.001) positive correlation (r = 0.582) between 
unbound estradiol levels and bioactive LH concentra- 
tions (Fig. 1). Age and body weight did not correlate 
with bioactive LH levels. FSH levels in cancer patients 
(107 + 7 IU/L) were not significantly different from 
those in control women (101 + 14 IU/L). 

Pulse analysis. Compared with normal postmeno- 
pausal women, women with endometrial cancer had 
similar interpulse intervals and pulse amplitudes for 
immunoactive LH. The pulse amplitude of bioactive 
LH was significantly higher (p < 0.01) in postmeno- 
pausal women with endometrial cancer than in women 
without cancer, whereas the interpulse interval for bio- 
active LH was not significantly different between the 
two groups of women (Table II). More than 80% of the 
bioactive LH pulses were concordant with the immuno- 
active LH pulses (Fig. 2). The bioactive/immunoactive 
ratios appeared to increase during the pulses compared 
with those during the interpulse baselines (Fig. 2). 


Comment 


Our present data indicate that a more biologically 
active form of LH is secreted in postmenopausal women 
with endometrial cancer. We observed a significant 
positive correlation between free estradiol and the 
mean bioactive LH levels. Most of the postmenopausal 
women with endometrial cancer studied were obese. 
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Fig. 1. Correlation between unbound estradiol and bioactive LH levels in postmenopausal women 


with and without endometrial cancer. 


Table II. Immunoactive and bioactive LH 
levels in postmenopausal women with | 
and without endometrial cancer 


Cancer 
patients | Controls 


Mean concen- 52 + 4* 59247 276+ 26+ 1444 18 
tration 
(IU/L) 

Pulse ampli- 
tude (IU/L) 

Interpeak 5627 
interval 
(min) 


Bioactive LH 








Cancer 
patients 






94+3 2+4 129+ 10t 


1 


5724 55+8 


*Mean + SE, 
tp < 0.01, versus controls. 


Obesity is associated with lower sex hormone—binding 
globulin levels; therefore free estradiol levels in these 
women were significantly higher. It has been shown that 
in a hyperestrogenic environment the pituitary gland 
secretes a more biologically active form of LH. Veldhuis 
et al.’ observed that the bioactive/immunoactive LH 
ratios increased in the late follicular phase of the 
menstrual cycle, when the serum estradiol concentra- 
tions rose significantly. Lobo et al.'* have reported 
increased bioactive LH levels in women with polycystic 
ovarian disease that correlated with free estradiol levels. 
Urban et al.’® observed that estrogen exerts a selective 
stimulatory effect on the secretion of biologically active 
LH in postmenopausal women. Increased unbound 
estradiol levels that are present in obese postmeno- 
pausal women with endometrial cancer could therefore 






result in selective amplification of bioactive LH secre- 
tion. Our results thus indicate a link between obesity, 
free estradiol, bioactive LH, increased ovarian steroid 
production, and endometrial cancer. In our previous 
study we reported an increased concentration of testos- 
terone and androstenedione in the ovarian vein serum 
of postmenopausal women with endometrial cancer 
compared with women without cancer.” 

Previous studies on LH levels in women with en- 
dometrial cancer are controversial, and all were done 
before the availability of sensitive bioassays and radio- 
immunoassays. Pituitary gonadotropin excretion, as 
measured by mouse uterine weight assay, was found not 
to be increased in women with endometrial cancer. '® !” 
Dillman et al.’® observed that immunoreactive LH, 
measured by the hemagglutination inhibition method, 
was increased in women with endometrial cancer. Sher- 
man and Wolf’? used the ventral prostate weight tech- 
nique to measure bioactive LH levels in urine and 
reported that LH levels are increased in the urine of . 
women with endometrial cancer.’ Varga and Henrik- 
sen,” using a similar bioassay, observed increased uri- 
nary LH in 30% of women with endometrial cancer. 
Our current study, that- uses a sensitive RICT assay, 
indicates that bioactive LH levels are in fact increased in 
postmenopausal women with endometrial cancer. The 
cancer patients, studied were heavier.than the controls, 
so it is possible that the increase in bioactive LH is 
related to obesity. Future studies, with patients and 
controls matched for weight, are needed to investigate 
whether this increase in bioactive LH is a result, of 
increased body weight or some other factors. 

Previous reports on the presence of specific binding 
sites for gonadotropins in the stroma of postmeno- 
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Fig. 2. Relationship between pulsatile bioactive and immunoactive LH secretion in a postmeno- 
pausal woman with endometrial cancer. Asterisks, LH pulses. 


pausal ovaries indicate that the menopausal ovary is the 
site of gonadotropin action.’ * Peluso et al.” incu- 
bated sections of menopausal ovary with iodine 125- 
labeled gonadotropins and localized the binding sites of 
LH and FSH by autoradiography both in the cortical 
stroma and in the hilus cells. The surface binding 

autoradiographic studies by Nakano et al.” revealed 
the presence of specific binding sites for gonadotropins 
in the cortical stroma of the ovaries of postmenopausal 
women. Electronic microscopic studies by the same 
authors revealed evidence of steroidogenic function in 
the cells of the cortical stroma. 

The responsiveness of the postmenopausal ovary to 
gonadotropins has been tested by both in vitro and in 
vivo studies. Vermeulen” reported that the administra- 
tion of human chorionic gonadotropin to postmeno- 
pausal women resulted in an increase in circulating 
testosterone levels. Greenblatt et al.** observed an in- 
crease in peripheral and ovarian vein androgen levels 
immediately after an intravenous injection of human 
chorionic gonadotropin, indicating that the postmeno- 
pausal ovary is responsive to gonadotropins. Poliak et 


al.” observed that the administration of high doses of 
human chorionic gonadotropin to postmenopausal 
women resulted in marked hyperplasia of the hilus 
cells, and histochemical and studies revealed active 
steroidogenesis in these cells. Suppression of gonado- 
tropins in postmenopausal women by administration of 
a gonadotropin-releasing hormone agonist resulted in 
a significant decrease in testosterone and androstene- 
dione levels.*° All these observations suggest that 
ovarian androgen synthesis in postmenopausal women 
is gonadotropin dependent. 

In vitro studies by Dennefors et al.° indicate that LH 
stimulates release of androstenedione by isolated ovar- 
ian stromal tissue of postmenopausal women. Addition 
of human chorionic gonadotropin to the stromal tissue 
resulted in increased cyclic adenosine monophosphate 
formation, indicating that the ovarian stroma continues 
to respond to gonadotropins during the postmeno- 
pausal period. We have recently reported that the 
Ovarian stroma of postmenopausal women with en- 
dometrial cancer is responsive to LH with release of 
androstenedione and testosterone.” Increased bioac- 
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tive-LH secretion could lead to increased ovarian zn- 
drogen production, thus resulting i in increased prehor- 
mone availability for estrogen formation from periph- 
eral conversion. It is possible that a “vicious cycle” 
exists in postmenopausal women with endometrial 
cancer, probably initiated by obesity: increased free 
estradiol levels resulting from a decrease in sex hor- 
tnone—binding globulin — increase in bioactive LH 
secretion — increased production of aromatizable an- 
diogens by the ovary —> increased estrogen production 
from peripheral conversion and free estradiol levels. 
Thus the hormonal milieu in obese postmenopausal 
women with endometrial cancer appears to be some- 
what similar to that observed in premenopausal women 
with polycystic ovarian disease.’* However, unlike pcly- 
cystic ovarian disease, the FSH levels in. postmeno- 
pausal women with endometrial cancer are not de- 
creased, probably because of the absence of folliclés m 
the. postmenopausal ovary and the lack of inhibin. 
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Behavioral stress responses in premenopausal and 
postmenopausal women and the effects of estrogen 
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Los Angeles, California 


OBJECTIVE: Our purpose was to determine the pattern of reactivity to stress in premenopausal and 


postmenopausal women and to assess the effects of estrogen. 


STUDY DESIGN: A behavioral stress test was given to premenopausal {n = 13} and postmenopausal 
women (n = 36). Biophysical and neuroendocrine responses were measured during and on completion 
of the stress test. The postmenopausal women were then randomized to placebo or transdermal estradiol 
treatment for 6 weeks, at which time another behavioral stress test was given. 

RESULTS: Stress reactivity to math and speech tasks elicited significantly greater systolic blood pressure 
- responses in postmenopausal women compared with premenopausal women (p < 0.05). On retesting, 
significant biophysical responses that were present during the Initial stress testing were still present 

(p < 0.05) in the placebo group but were blunted with estrogen treatment. Plasma corticotropin, cortisol, 
_ androstenedione, and norepinephrine increased during testing to a similar degree in premenopausal 

and postmenopausal women; this response was maintained after placebo treatment. Postmenopausal 


women treated with estrogen had blunted responses. 


CONCLUSION: Significant differences in responses to psychologic stress exist in premenopausal and 
postmenopausal women. The lack of adaptation may account in part for the increased risk of 
cardiovascular disease in postmenopausal women. Estrogen appears to blunt the stress-induced 


' response. (Am J Ogster Gynecot 1992:167:1831-6.) 


Key words: Psychologic stress, reactivity, postmenopausal cardiovascular disease, estrogen 


replacement 


Although the age of onset of menopause has re- 
mained constant, life expectancy in women has in- 
creased substantially. Currently, a woman.can expect to 
live a third of her life after the menopause, in a state of 
estrogen deficiency." * Estrogen ‘replacement therapy 
‘has been shown to decrease mortality from all causes in 
postmenopausal women,” and this is thought to be 
caused primarily by as much as a 50% reduction in 
cardiovascular disease.” * 

Because the qualitv and the quantity of life after the 
menopause is important, other studies have attempted, 
to address the effects of estrogen on psychologic func- 
: tion.” ê Recently, we showed that estrogen improves 
psychologic function in otherwise asymptomatic post- 
menopausal women.’ As an extension of this work and 
because psychologic stress may be associated with car- 
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diovascular disease risk, we wished to prospectively 
assess the effects of estrogen on the biophysical and 
hormonal responses to stress in postmenopausal 
women. Behavioral research in animals has clearly dem- 
onstrated a link between emotional stress and athero- 
sclerotic cardiovascular disease.*!' In this study we 
wished to determine if estrogen may modulate biophys- 
ical or hormonal responses to evoked stress. If this were 
to occur, we reasoned that perhaps an additional mech- 
anism could be identified for the cardioprotective ef- 
fects of estrogen. 


Material and methods E 
Subjects. Thirty-six postmenopausal women, 47 to 
71 years old, and 13 premenopausal women, 23 to 41 
years old, were recruited for this study. Each subject was 
in a good physical and mental state of well-being. None 
reported hypertension; diabetes; or cardiovascular, re- 
nal, hepatic, or psychiatric disorders. No subject was 
using medications on a routine basis nor had any used 
hormonal preparations for at least 2 months before the 
study. 
‘The postmenopausal group had estradiol levels <20 
pg/ml and follicle-stimulating hormone levels >40 
mIU/ml at the initial study visit and had not menstru- 
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Table I. Demographic characteristics of 
premenopausal and postmenopausal women 







Mean values 





Premenopausal 
(N = BD) 


Postmenopausal 





Age (yr) 36.7 + 0.9 ee ie mies 
Body weight {kg} 68.7 + 2.7 69.9 + 2.3 
Height (cm) 162.8 + 1.8 162.5 + 1.2 
Gravidity 3.2 3.5 
Parity 1.8 2.8 
Race (% distribution) 
White 23.1 30.6 
Black 23.1 19.4 | 
Hispanic 53.8 50.0 
Percent employed 100 80.5 
Percent married 92.3 91.6 
Percent high school 100 100 
graduates 


Values are mean + SEM. 


ated for at least 12 months. The premenopausal group 
reported regular menses (mean length 28 + 3 days). 
Demographic characteristics of the subjects may be 
found in Table I. 

Protocol. After an initial examination and routine 
general health evaluation, all women were scheduled to 
undergo a series of psychologic stress tests, as described 
below. All tests were carried out with the subject in the 
fasting state after abstaining frorn alcohol, caffeine, and 
all analgesics for at least 24 hours. In premenopausal 
women the psychologic stress tests were carried ou: in 
the early follicular phase of the menstrual cycle (davs 4 
to 9). 

Before, during, and after the tests blood pressure and 
pulse were monitored by an automated electrosphyg- 
momanometer. Baseline readings were calibrated wizh a 
Baumanometer (Omron Healthcare, Inc., Vernon Hills, 
Ill.) mercury column to establish the reliability of the 
automated device. Automated mercury readings corre- 
lated significantly with the automated readings (r = 
0.89). Plasma samples were obtained for hormonal eval- 
uations after each test and on completion of the study. 

After the initial psychologic stress tests, the post- 
menopausal women were randcmized to receive trans- 
dermal estradiol patches (0.1 mg, n = 18) or placebo 
patches (n = 18) for 6 weeks. At this time repeat psy- 
chologic stress tests were carried out. Compliance with 
the medication was established by assessing levels of 
follicle-stimulating hormone and estradiol at the second 
test. 

Psychologic stress tests. Initially all.women were 
asked to void ‘and were allowed to adapt to their 
surroundings for 10 minutes. A stress reduction zape 
was then played for an additional 10 minutes n a 
darkened, secluded room. Blcod pressure and pulse 
readings were then obtained and a heparin-treated 
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thromboresistant catheter was placed in a forearm vein. 
- The psychologic stress tests comprised the following 
four tasks: (1) serial subtraction, (2) Stroop color word 
test, (3) speech task, and (4) cold pressor test. Each has 
been shown to elicit hemodynamic and neuroendocrine 
changes and is perceived to be psychologically chal- 
lenging and provokes cognitive and social evaluative 
skills and responses.’*"* 

Biophysical and hormonal measurements. Blood 
pressure and pulse readings were obtained by the same 
trained individual at baseline: after each test; and at 2, 
4, 6, 8, 10, 15, 20, 30, and 60 minutes after the test. 

Blood specimens were obtained at baseline (0) after 
each component of the psychologic stress tests and at 
5, 15, 30, and 60 minutes after testing. Blood was 
collected into heparinized tubes and immediately cen- 
trifuged at 4° C at 3500 revolutions/min for 10 minutes. 
Samples were then frozen at — 70° C until analyzed. 

Plasma corticotropin and serum cortisol were mea- 
sured by radioimmunoassay (RIA). A commercial kit 
(ICN Biomedical, Irvine, Calif.) was used for corticotro- 
pin assay, whereas cortiscl was quantified after its ex- 
traction from serum with ethyl acetate/hexane (1:1, 
vol/vol), as described previously.’ The intraassay and 
interassay coefficients of variation were 5.1% and 7.4% 
for the corticotropin RIA and 7.5% and 12.1% for the 
cortisol RIA, respectively. Androstenedione was mea- 
sured by RIA after extraction’ and norepinephrine, 
epinephrine, and dopamine by high-pressure liquid 
chromatography (Nichols ‘Institute, San Juan Capi- 
strano, California). 

Statistical analyses. Logarithmic transformations for 
hormone and other laboratory measures were com- 
puted to approximate ncrmal distributions for statisti- 
cal analyses. The Student ¢ test and repeated-measures 
analysis of variance were used to assess differences 
between groups and over time. 


Results 


Baseline biophysical parameters and the biochemical 
measurements are presented in Tables II and III, re- 
spectively. Baseline resting systolic and diastolic blood 
pressures were significantly higher in postmenopausal 
women compared with premenopausal controls 
(p < 0.05). Postmenopausal women also had signifi- 
cantly higher baseline levels of norepinephrine 
(p < 0.001) and lower baseline levels of androstenedi- 
one (p < 0.01). 

In both groups of women the psychologic stress tests 
evoked significant biophysical changes. The significant 
elevations in systolic and diastolic blood pressure and 
pulse that occurred in response to each of the stresses 
are depicted in Figs. 1 and 2. 

Comparing the two groups and correcting for base- 
line differences, although all changes were higher in 
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Table II. Baseline biophysical parameters in premenopausal and postmenopausal women 
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. ' Two-sided 

Premenopausal Postmenopausal significance 

Systolic blood pressure (mm Hg) 112.4 + 2.6 = 119.9+3.2 p = 0.50 
Diastolic blood pressure (mm Hg) 70.1 + 2.9 79.1 + 1.8* p = 0.01 
Pulse (beats/min) 75 + 2.8 79.6 + 3.2 p = 0.29 


*b < 0.05. 


Table III. Baseline neuroéndocrine parameters in premenopausal and postmenopausal women. 
Corticotropin, cortisol, androstenedione, norepinephrine, epinephrine, and dopamine 





Premenopausal 45.0 + 5.7 ee OT 
Postmenopausal 43.9 + 3.3 10.6 + 0.9 
*p < 0.01, 

.tp < 0.001. 


postmenopausal compared with premenopausal 
women, only systolic blood pressure responses achieved 
statistical significance during the math (p < 0.04) and 
speech tasks (p < 0.05). 

In response to the psychologic stress tests corticotro- 
pin, cortisol, norepinephrine, and androstenedione in- 
creased significantly in both premenopausal and post- 
menopausal women (p < 0.05). These responses to 
provoked stress were all similar in the two groups with 
the exception of cortisol, which was higher in premeno- 
pausal women (p < 0.05). 

In the postmenopausal women assigned to placebo 
treatment biophysical responses to testing were similar 
before and after treatment, thus validating the testing 
procedures. Specifically, systolic and diastolic blood 
pressure and pulse increased significantly and to the 
same degree, and there was no difference between 
the initial psychologic stress tests and after placebo 
(p < 0.05). 

In the estrogen-treated group mean estradiol levels 
averaged 160 + 16 pg/ml after treatment. With treat- 
ment, baseline pulse measurements were significantly 
lower (p < 0.05) compared with the placebo group. 
The increase in systolic and diastolic blood pressure 
and pulse was blunted after estrogen and failed to show 
a significant response to evoked stress. The systolic 
blood pressure responses to the math and speech tasks, 
which were higher in postmenopausal compared with 
premenopausal women before treatment (p < 0.05), 
were similar to premenopausal responses after estrogen 
treatment. 

Plasma corticotropin, cortisol, norepinephrine, and 
androstenedione increased significantly (p < 0.05) dur- 
ing the psychologic stress tests before treatment (Fig. 
$); These responses were also significantly elevated 


Carticotropin Cortisol Androstenedione Norepinephrine 
(pg/ml; (ng/dl) (ng/ml) (pg/ml) 


2.2 + 2,.8* 
13+ 1.2 





_ Dopamine 


Epinephrine 
(pg/ml) 


(pg/ml) 
288.3 + 20.0 34.7 + 4.7 <10 
468.0 + 44.0+ 39,3 + 5.3 <10 


after 6 weeks of placebo treatment (Fig. 4). Contrasting 
with this, in the estrogen-treated group, these hor- 
monal responses failed to increase significantly after 6 
weeks of estrogen (Fig. 4). 

The percent change in peak responses of corticotro- 
pin, comparing. baseline testing with testing after treat- 
ment with placebo or estrogen, were nonsignificant 
increases of 11% + 8% and 25% + 8% (mean + SE), 
respectively. For cortisol the responses increased 
17% + 13% during placebo and decreased with estro- 
gen (—26% + 6%) íp < 0.05). For androstenedione 
the difference’ after placebo was a 14.8% + 21% greater 
response during the second psychologic stress tests, but 
with estrogen the androstenedione response decreased 
(—16% + 7%). For norepinephrine the placebo re-' 
sponse was an increase of 10.2% + 11%, but a decrease 
occurred after estrogen (— 13% + 8%). 


Comment 


Behavioral stress in animals evokes significant phys- 
iologic responses that have been associated with the 
development of atherosclerotic heart disease.°'" 172° 
The. proposed mechanisms include recurrent physio- 
logic reactions involving exaggerated heart rate and 
pressor responses to behavioral stimuli. These may 
promote arterial injury through hemodynamic forces 
such as turbulence and: shéer stress.” Alternatively, 
biophysical changes may reflect an activation in sympa- 
thetic-adrenomedullary and pituitary-adrenocortical ac- 
tivity. Increased circulating catecholamines have been 
associated with the development of arterial lesions, 
either directly through platelet aggregation or on the 
mobilization of serum lipids.’” ** It has been suggested 
that cortisol secretion sensitizes arterial adrenergic re- 
ceptors, which increases sensitivity of arterioles to cat- 
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Fig. 1. Premenopausal changes in blood pressure and pulse during psychologic stress tests. These 
include the following tasks: serial subtraction (ST 1), Stroop color word test (ST 2), speech task 
(ST 3), and cold pressor test (ST 4). Data are depicted as means + SE. Asterisks, Significant responses 


(p < 0.05) compared with baseline for each time point. 
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Fig. 2. Postmenopausal changes in blood pressure and pulse during psychologic stress tests. Asterisks, 
Significant responses (p < 0.05) comparad with baseline for each time point. St I, Serial subtraction; 
St 2, Stroop color word test; St 3, speech task; St 4, cold pressor test. 


echolamines and, in addition, causes reduced venitricu- 
lar ectopic thresholds.**** 

We postulated that increases in biophysical and hor- 
monal responses to stress in postmenopausal women 
may be modified by estrogen. Our demonstration of 
increased baseline blood pressure and pulse in post- 
menopausal women and their greater responses to 
psychologic stress tests is, in keeping with our hypoth- 
esis and confirms previous data.” 

In evaluating the effects of estrogen, we randamized 


postmenopausal women to treatment with estrogen or 
placebo transdermal patches. We chose transdermal 
estrogen delivery because we wished to evaluate sys- 
temic responses of estrogen and because transdermal 
delivery maintains a more consistent blood level than 
does oral estrogen. Although placebo responses were 
nearly identical to baseline responses after 6 weeks, 
responses in the estrogen-treated group were blunted. 
Specifically, systolic blood pressure responses normal- 
ized with estrogen. The increases in norepinephrine, 
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Fig. 3. Corticotropin (ACTH), cortisol (F), norepinephrine (NE), and androstenedione (AN) re- 
sponses to psychologic stress tests in the two groups of postmenopausal women before treatment. 
Both groups showed significant increases to psychologic stress tests from baseline, and there were no 


differences between groups (p < 0.05). 
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Fig. 4. Corticotropin (ACTH), cortisol (F), norepinephrine (NE), and androstenedione (AN). re- 
sponses to psychologic stress tests in two groups of postmenopausal women after treatment with either 
placebo or estrogen. Responses were significant only in placebo group (p < 0.05). 


corticotropin, cortisol, and androstenedione before 
treatment were also substantially attenuated, failing to 
result in significant increases from baseline. Andro- 


stenedione was measured as another marker of adrenal. 


activation and to assess if increases in androgen may 
play a role in responses to evoked stress. 

Comparing estrogen responses before and after 
treatment, the greatest diminution in response oc- 
curred in the case of cortisol (p < 0.05). Indeed, the 


trends in response were the same for all the hormones, ~ 


but because of variability in levels not all data achieved 
statistical significance. | 
Differences in biophysical responses may be due to 
hereditary factors and to psychosocial and educational 
variables. Our premenopausal and postmenopausal pa- 
tients were chosen carefully and did not differ in terms 
of sociodemographic and health characteristics, as 
shown in Table I. Although both age and estrogen 
deficiency may be implicated in the increased cardio- 
vascular responses of postmenopausal women, estrogen 
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therapy apparently attenuated these changes, whereas 
placebo did not. Our data, therefore, strongly suggest 
that estrogen may play an important role in adaptive 
responses to evoked stress which, in turn, may have 
implications for the cardioprotective effects of estrogen 
replacement. 

We and others*” have shown that estrogen improves 
psychologic function in postmenopausal women. Our 
recent data’ suggested that even among asymptomatic 
women estrogen replacement is beneficial for syrap- 
toms of depression and for coping skills. Estrogen 
replacement is known to be beneficial for lipids and 
lipoproteins,” to increase blood flow,” ® and, possibly, 
to improve carbohydrate metabolism.” We suggest 
here that estrogen may also improve psychologic func- 
tion and blunt the somewhat exaggerated behavioral 
responses to stress. These data. although preliminary, 
suggest a further cardioprotective mechanism for estro- 
gen replacement therapy, that is,.a behavioral and 
adaptive response to stress. Future work in this area is 
needed to determine the relevance of these findings to 
the incidence of and possible reduction of cardiovascu- 
lar disease in postmenopausal women. 
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OBJECTIVE: Our objective was to determine whether impaired ovarian function induced by short-term 
creation of a galactosemic state in the rat might be prevented by the coadministration of an aldose 


reductase inhibitor. 


STUDY DESIGN: Prepubertal Sprague-Dawley rats were fed four different diets including (1) control, 
(2) 40% galactose, (3) 40% galactose and an aldose reductase inhibitor, and (4) an aldose reductase 
inhibitor with the control diet. Percentage germinal vesicle breakdown, postovulatory oocyte quantities, 
hormonal parameters, ovarian histologic evaluation, and ovarian galactitol concentrations were 


determined. 


RESULTS: The galactose-fed animals (group 2) had decreased germinal vesicle breakdown (47%) versus 
control (69%, p < 0.05). Galactose-exposed animals had significantly decreased quantities of 
postovulatory eggs (6.4 per animal) after menotropin ovarian stimulation in comparison with controls 
(14.1, p < 0.01). In rats exposed to high dietary levels of galactose (group 2) ovarian galactitol 
concentrations were significantly higher (protein 42.12 ,.zmol/gm versus 0.0 for controls, p < 0.005). 
When galactose-fed animals received the aldose reductase inhibitor, ovarian accumulation of galactitol 
was significantly reduced and the observed:detrimental effects on the oocyte were prevented. 
CONCLUSION: Galactitol accumulation or metabolic flux through aldose reductase in galactosemic 
rodents may be involved in the demonstrated ovarian dysfunction. (Am J Osster Gynecot 


1992; 167:1837-43.) 


Key words: Galactitol, aldose reductase inhibitor, sorbinil, Sprague-Dawley rats 


Galactose is converted into usable glucose in the liver 
by three enzymatic reactions. Classic galactosemia, in- 
herited as an autosomal recessive trait, results from the 
absence or decreased activity of one of these enzymes, 
galactose-l-phosphate uridyl transferase. In galac- 
tosemia excess galactose is reduced to galactitol by an 
aldose reductase. It has been hypothesized that the 
accumulation of galactose metabolites, including galac- 
titol, may contribute to the clinical manifestations of 
galactosemia. AfHicted patients have signs and symp- 
toms consistent with hepatic dysfunction, neurologic 
impairment, cataract formation, and ovarian failure. 
The origin of the pathophysiologic ovarian insult is 
unknown, but premature menopause occurs in homozy- 
gotic galactosemic women in spite of dietary galactose 
restriction.’ Additionally, women who are heterozygotic 
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for the trait may experience both an increased inci- 
dence of infertility and an earlier menopause.” 

It has been shown that rodents ingesting diets highly 
saturated with galactose mimic many of the observed 
clinical manifestations of galactosemic women, includ- 
ing decreased oocyte production.” The objective of this 
study was to determine whether impaired ovarian func- 
tion in the “galactosemic” rodent might be ameliorated 
by reducing galactitol accumulation or by preventing 
abnormal metabolic redox flux through aldose reduc- 
tase by the coadministration of an aldose reductase 
inhibitor. 


Material and methods 


One hundred sixteen prepubertal female Sprague- 
Dawley rats were housed in group cages and main- 
tained on a 12-hour-light and 12-hour-dark schedule 
under standardized conditions with full access to spe- 
cific diets and water. Guidelines for care and treatment 
of animals as preapproved by the animal care divisions 
of Yale University School of Medicine and Pfizer, Inc., 
were adhered to. Animals began their diets between 21 
and 24 days of age, immediately after weaning. They 
were maintained on the diet for 17 days. 
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The animals were divided into the following grouas: 
The control group (group 1) received standard rat 
laboratory chow pellets (United States BioChemical, 
'. Cleveland); group 2 received rat laboratory chow pellets 
with a 40% galactose addition as a caloric replacement’; 
group 3 received a diet similar to that of group 2 except 
for the addition of the aldose reductase inhibitor sarb- 
inil (Pfizer, Central Research Division, Groton, Corn.) 
at a concentation of 2 gm/5 kg cf rat chow’; the die: of 
group 4 was identical to that of the control group with 
the exception of added sorbinil at 2 gm/5 kg fzed 
concentration. 

After 14 days on their specific diets, each of the rats 
in the study received an intramuscular injection of 5 IU 
of human menopausal gonadotropin. The animals were 
continued .on their respective diets, and they were 
weighed daily. 

Oocyte maturational index, as assessed by germinal 
vesicle breakdown, was determined in rats 48 hours 
after their human menopausal gonadotropin injections. 
Rats were killed by decapitation, and ovaries were 
dissected free and placed in phosphate-buffered seline 
solution. During examination under a dissecting micro- 
scope 10 large preovulatory follicles were punctured 
with a stainless steel needle, and the oocytes were 
collected in phosphate-bufferec. ‘saline solution at room 
temperature (21° C). Each oocyie-cumulus complex was 
denuded from its corona-cumulus investments by re- 
peated passage through a nzrrow-bore, hand-drawn 
glass pipette. Denuded oocytes were inspected 2 hours 
later. Oocytes that retained z germinal vesicle were 
considered to show inhibition of maturation. Examina- 
tions of oocytes were made by an independent observer. 
Oocyte maturation was expressed as a percentage of 
germinal vesicle breakdown.” 

The remaining animals in each respective group 
received 10 IU of human chorionic gonadotropin 
approximately 56. hours after the human menopausal 
gonadotropin injection. The human chorionic gona- 
dotropin was used to enhance ovulation. Fifty-two of 
the remaining animals were killed by decapitation 69 
to 72 hours after the human menopausal gonadotropin 
injection, and their respective ovaries and oviducts were 
surgically isolated. The ovaries were separated by sharp 
dissection. 

The dissected-free ovaries were bedded in paraffin 
and sections 2 um thick were stained with hematoxylin 
and eosin. Tissue sections were histologically examined 
for alterations in ovarian stroma and its respective 
follicles. A clinical pathologist made subjective compar- 
isons between stromal and follicular alterations among 
groups in a blinded fashion. | 


The oviducts were examined and flushed under the © 


dissecting microscope (original magnification x, 120) in 
phosphate-buffered saline sohition. Flushing of the ovi- 
duct was performed with fhosphate-buffered saline 


December 1992 
Am ] Obstet Gynecol 


solution mixed with 0.5% bovine serum albumin, which 
allowed easy visualization cf oocyte-cumulus complexes. 
The oocytes were countec individually and quantified 
for each animal. 

The remaining 32 animals were killed individually iy 
an. intraperitoneal injection of a pentobarbital solution. 
At this time a vena caval puncture was performed to 
obtain approximately 2 ml of blood. Serum was sepa- 
rated from coagulated klood by centrifugation and 
stored at —20° C. Progesterone and estradiol serum 
concentrations were determined with the Coat-A-Count 
radioimmunoassay (Diagnostic Products, Los Angeles). 
The progesterone assay has a sensitivity of 0.08 ng/ml, 
intraassay coefficient of variation precision of <10%, 
and interassay coefficient of variation precision of 
<10%. The estradiol assay has a sensitivity of 8 pg/ml 
and intraassay and interassay coefficient of variation 
precisions of < 10%. Specimens for each assay were run 
in duplicate and by the same individual. 

Ovaries were dissected free, weighed, and analyzed 
for ovarian myoinositol and galactitol concentrations by 
gas chromatography—mass spectometry.® 

Statistical analysis included performing x* methods 
for comparison of germiral vesicle breakdown. Analysis 
of variance was used for comparison of oocyte quantity, 
serum estradiol and progesterone levels, animal and 
ovarian weights, and intraovarian galactitol and myo- 
inositol concentrations. Data are expressed as mean + 
SEM. Significance was defined as p, < 0.05. 


Results 


As depicted in Fig. 1, galactose exposure significantly 
reduced germinal vesicle breakdown from a control 
percentage of 69% to 47% (p < 0.05). With the supple- 
mentation of aldose reductase inhibitor, germinal vesi- 
cle breakdown was similar to normal rates (76%). Excess 
dietary galactose had an adverse effect on ovulation, 
with a drop from 14.1 + 1.6 oocytes per rat in the 
controls to 64+ 1.0 in galactose-fed animals 
(p < 0.01). Ovulation rates in aldose reductase—supple- 
mented galactose-fed rats were indistinguishable from 
rates in controls, 16.9 + 3.1 oocytes per rat (Fig. 2). 

Ovarian galactitol concentrations in the control 
(group 1) and control plus sorbinil-fed (group 4) ani- 
mals were below detectable levels (Table I). Animals 
exposed to a 40% galactose diet (group 2) had signifi- 
cantly elevated ovarian galactitol levels. The addition of 
the aldose reductase inhibitor (group 3) reduced ovar- 
ian galactitol levels. 

Estradiol and progesterone parameters are depicted 
in Table II. Galactose exposure lowered progesterone 
levels but only to a significant extent when the galactose 
diet included aldose reductase inhibitor. Otherwise, no 
other hormonal effect was detected by various diet 
exposure. | 

In comparison with age-matched controls, rats fed 
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% GERMINAL VESICLE BREAKDOWN 


Fig. 1. Maturity index, depicted as percentage germinal vesicle breakdown, in individual oocytes 
obtained from individual rats in various groups. GAL, Galactose; ARI, aldose reductase inhibitor. 
Asterisk, p < 0.05. 


PER ANIMAL 
(n=52 rats) 


#OOCYTES OVULATED 





CONTROL GAL GAL/ARI ARI 
GROUP 


Fig. 2. Gonadotropin-stimulated ovulation rates in various groups of rats. GAL, Galactose; ARI, 
aldose reductase inhibitor. Asterisk, p < 0.01. 


Table I. Ovarian galactitol and myoinositol concentration in each experimental group (mean + SEM) 
(N = 32) 












Galactose plus 
aldolase reductase 
inhibitor 








Aldolase reductase 
inhibitor 


Galactose 





Normal 





Galactitol (4.mol/gm protein) 0.0 42.1 + 6.4* 3.4 + 0.4 0.0 
Myoinositol (mol/gm protein) 27.5 + 20 27.1 + 1.6 37.9 + 7.6t bla = Te" 
*b < 0.005. 
tp < 0.05. 
40% galactose gained less weight (Table 3). Histologic in corpora luteal granulosa cells in the galactose-ex- 
review of the ovaries demonstrated comparable num- posed animals. Intercellular granulosa cell organization 
bers of small, medium, and large follicular complexes in was poorest in this group. Control animals and aldose 


all groups. However, karyorrhexis was most significant reductase inhibitor—induced only exposed animals had 





ae 
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Fig. 3. Hematoxylin and eosin-stained ovarian tissue from control group. (Original magnification X 


100.) 


Table II. Estradiol and progesterone serum levels in each experimental group (mean + SEM) (N = 32) 







14.4 + 4.1 
24.2 + 6.9 


Estradiol (pg/ml) 
Progesterone (ng/ml) 


*p < 0.005 as compared with normal value. 


Galactose 


11.3- 2.1 
12.7 2: 56 






Galactose plus 
aldolase reductase 
inhibitor 









Aldolase reductase 
inhibitor 


(28 22:3 
25 + 1,0* 


15.4 + 2.5 
17.5 + 4.0t 


tp < 0.05 as compared with value for galactose plus aldolase reductase inhibitor. 


Table III. Animal (grams) and ovarian weights (milligrams) of rat in each experimental group 
(mean + SEM (N = 32) 







only 


Galactose 










Galactose plus 
aldolase reductase 
inhibitor 





Aldolase reductase 
inhibitor 








Animal 140.3 + 4.3 L220 2: 3.2* 113.9 + 2.4* 186.6'+ 2.7 
Ovary 5.5°% 0.2 27 = 0,2" 21 = ie" 3.8 + 0.2 
*p < 0.05. 


normal granulosa cellularity and organization. The ad- 
dition of the aldose reductase inhibitor in the galactose- 
fed animals lessened the majority of these histologic 
aberrations observed in luteal granulosa cells (Figs. 3 
through 6). 


Comment 


Galactosemia caused by lack of galactose-1-phos- 
phate uridyl transferase affects up to one in every 


63,000 human newborn infants. The disease is associ- 
ated with liver dysfunction, cataract formation, mental 
retardation, and death in the newborn if galactose 
restriction is not instituted. Yet, in spite of dietary 
galactose restriction, galactosemic women are fre- 
quently afflicted with gonadal dysfunction and prema- 
ture menopause. Even women identified as carriers who 
demonstrate reduced transferase activity have been 
characterized as subfertile.* Because gonadal dysfunc- 
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Fig. 4. Hematoxylin and eosin-stained ovarian tissue from galactose-fed group. Arrow, Area of 
severe karyorrhexis and cellular disorganization. (Original magnification X 100.) 





Fig. 5. Hematoxylin and eosin-stained ovarian tissue from galactose and aldose reductase inhibitor— 
exposed animals. Arrow, Area of minimal karyorrhexis. (Original magnification X 100.) 


tion occurs only in women, the physiologic or anatomic 
insult in galactosemia is suggested to occur not in the 
hypothalamic-pituitary-gonadal axis but rather within 


the ovary itself.’ 
The enzyme aldose reductase converts sugars into 


their respective sugar alcohols or polyols. In the case of 
galactosemia, excess galactitol accumulates. Galactitol 
is metabolized poorly with poor cell membrane pene- 
trance. Galactitol accumulates in viable cells, which may 
cause osmotic imbalance and cellular swelling, which in 
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Fig. 6. Hematoxylin and eosin-stained ovarian tissue from aldose reductase inhibitor only—exposed 


group. (Original magnification X 100.) 


ADPH NADP* 
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UDP-Glcec 


UDP-Gal 


GALACTOSE - 


GLUCOSE - 1 


- PHOSPHATE 


PHOS PHATE——? UDPG1c 


TCA pathway 


Fig. 7. Pathway of galactose metabolism. UDP, Uridine diphosphate; Glc, glucose; Gal, galactose; 


TCA, tricarboxycyclic acid. 


turn may alter cellular ion permeability and result in 
cell dysfunction. Galactitol tends to accumulate in high 
concentration in nerve tissue, the lens of the eye, and 
the heart of animals exposed to high galactose diets. 
However, in galactose-fed animals ovarian concentra- 
tions of galactitol exceed those levels found in the 
pancreas, liver, spleen, and kidney.” Increased ovarian 
levels, in comparison with those of the kidney, are 
pertinent because altered vascular filtration function in 
the kidney is an observed affliction of galactosemic 
animals.” The treatment of galactosemic rats with po- 
tent inhibitors of aldose reductase decreases the accu- 
mulation of galactitol, and sorbinil has been shown to 
ameliorate the ill effects on various organ systems, such 


as the formation of cataracts in the lens, defective 
healing in scraped corneas, decreased conduction ve- 
locity in motor nerves, and basement membrane thick- 
ening in retinal capillaries." '°"° 

As a consequence, we hypothesized that excess flux 
through aldose reductase or galactitol accumulation 
may result in ovarian dysfunction in galactosemic ani- 
mals rather than excess galactose-1-phosphate or inad- 
equate uridine diphosphate galactose production, as 
suggested by other investigators (Fig. 7).'* '* However, 
direct measurements of these metabolites during aldose 
reductase inhibitor exposure would be necessary to 
definitively exclude these as the responsible toxic me- 
tabolites in galactosemic animals. 
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Specifically, excess galactose exposure in animals has 
been reported to result in decreased oocyte production 
in both natural and gonadotropin-stimulated cycles.* *° 
The current study has confirmed these quantitative 
findings along with extending the prior observations to 
demonstrate significant developmental delay in individ- 
ual oocytes (as assessed by germinal vesicle breakdown). 
Increased intraovarian galactitol concentrations sup- 
port the premise that this metabolite may be linked to 
the qualitative and quantitative defects in rat oocytes. 
Most supportive is the fact that when galactitol concen- 
trations are prevented from rising within the ovary 
because of the action of the aldose reductase inhibitor, 
both postovulatory egg numbers and the degree of egg 
maturation approach normal values. These changes 
occur in spite of a decrease in serum progesterone 
levels. The observation of lowered progesterone levels 
in the galactose and galactose—aldose reductase inhib- 
itor fed animals might be expected because of the 
noted histologic alteration in luteal granulosa cell or- 
ganization. 

Similar to the studies of Stewart et al.’ and others” 
involving galactosemic and diabetic animals, our study 
confirms that the lack of a decrease in tissue myoinos- 
itol levels, in spite of an increase in polyol levels, 
appears inconsequential to the degree of organ dys- 
function. In addition, the diminished weight of both the 
animal and the ovary that occurs with galactose expo- 
sure was not a contributing factor in ovarian dys- 
function. 

In conclusion, our evidence indicates that ovarian 
dysfunction in galactosemic rats is linked to the metab- 
olism of galactose through aldose reductase. It should 
be noted that this conclusion is based on data accumu- 
lated in the galactose-exposed rodent. In humans with 
classic galactosemia the absence of ovarian galactose-1- 
phosphate uridyl transferase activity may result in met- 
abolic abnormalities distinct from those found in galac- 
tose-fed animals with normal transferase activity.’ 


We thank Dr. Joseph R. Williamson, Department of 
Pathology, Washington University School of Medicine, 
St. Louis, Missouri, for analysis of ovarian polyol levels; 
Dr. Aruna Kumar, Department of Pathology, Suburban 
Hospital, Bethesda, Maryland; and Craig A. Ellery, 
Pfizer, Inc., for excellent technical assistance. 
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Immunologic tests in the evaluation of reproductive 


disorders: A critical review 
Gane B. Coulam, MD. 
Fairfax, Virginia 


é 


OBJECTIVE: The purpose of this study was to evaluate the clinical usefulness of immunologic assays 

proposed to assist in the diagnosis of alloimmune causes of recurrent spontaneous abortion. a 

STUDY DESIGN: Human leukocyte antigen typing, maternal antipaternal lymphocytotoxic antibody ‘ 
testing, and mixed lymphocyte culture assays were perform3d on 609 couples with recurrent 

spontaneous aborticn, 92 infertile couples, and 43 fertile couples. The frequency of HLA antigen sharing 

and the presence of lymphocytotoxic antibodies and mixed ymphocyte culture inhibitors was compared 


among the populations. 


RESULTS: Sharing of two or more HL4-A, HLA-B, HLA-C, or HLA-DR antigens was observed in 41% 
(252/609) couples with recurrent spontaneous abortion and in 34% (31/92) with infertility compared with 
63% (27/43) of fertile couples. The frequency of lymphocytotoxic antibodies to paternal cells was 
significantly greater in the fertile population (27/143, 63%) (p < 0.0001) than in couples with recurrent 
spontaneous abortion (160/609, 26%) and in infertile couples (7/92, 8%). Mixed lymphocyte culture 
inhibitors were also more prevalent in sera from fertile women (19/43, 44%) compared with those with 
recurrent spontaneous abortion (122/699, 20%) and infertile women (4/92, 4%). . . 

` CONCLUSION: Human leukocyte antigen sharing does not aredict pregnancy outcome, and the l e 
presence of lymphocytotoxic antibodies and mixed lymphocyte culture inhibitors is a function of the- 
number and duration of pregnancies. More sensitive and specific assays are needed to identify 
alloimmunologic causes of reproductive disorders. (Am J Osster Gynecol 1992;167:1844-51.) 


= Key words: Human leukocyte antigen, lymphocytotoxic antibodies, mixed lymphocyte culture 


inhibitor, recurrent spontaneous abortion, infertility 


Spontaneous abortion is the most common compli- 
cation of pregnancy. Estimates show that 2% to 5% of 
couples are childless because they experience recurrent 
spontaneous abortion.' Although genetic, anatomic, 
< and hormonal factors have been implicated in the 
` cause, a substantial proportion of cases remains unex- 
. plained.* An immunologic cause has been suggested for 
> 80% of ‘affected couples with otherwise unexplained 
cases.” Because mammalian pregnancy is associated 
= with the induction and adaptation of maternal alloge- 
neic reactions, inappropriate allogeneic responses have 
been suggested as a cause of recurrent pregnancy loss 
. in many couples.” Laboratory tests proposed to assist in 
_ the diagnosis of alloimmune causes of recurrent spon- 
taneous abortion include human leukocyte antigen typ- 


ing, maternal antipaternal lymphccytotoxic antibody — 


testing, and mixed lymphocyte cultures. 
That these laboratory assays might also be useful in 


From the Genetics and In Vitro Fertilization Institute. 

Presented in part at the Thirty-ninth Annua. Meeting of the Society 
for Gynecologic Investigation, San Antonio, Texas, March 18-21, 
1992. ° 

_ Reprint requests: Carolyn B. Coulam, MD, Genetics & IVF Institute, 
3020 Javier Road, Papat VA 22031. 

6/6/41993 ' 


t 


1844 


evaluating couples with unexplained infertility is sug- 
gested by findings that 85% of all pregnancy wastage 
occurs before clinical awareness of pregnancy.” Ít was 
reasoned that women with recurrence of such preclini- 
cal failures would have unexplained infertility rather 


-than recurrent spontaneous abortion. It has been sug- 


gested that recurrent spontaneous abortion and infer- 


" tility are manifestations of a common underlying patho- 


logic condition.® 

To evaluate the usefulness of human leukocyte anti- 
gen typing, lymphocytotoxic antibodies, and mixed 
lymphocyte, culture in the diagnosis of reproductive 
disorders the results of these assays obtained from 
couples experiencing recurrent spontaneous abortion 
and unexplained infertility were compared with those 
from fertile couples. 


Material and methods 

Patients. The study population consisted of 744 cou- 
ples (609 experiencing recurrent spontaneous abortion 
and 92 infertile and 43 fertile couples). Maternal age 


` and obstetric history of each woman was documented. 


On the basis of the obstetric history, the total number of 
weeks each woman was pregnant was estimated. 
Couples experiencing two o> more consecutive recur- 


Volume 167 
Number 6 


rent spontaneous abortions were designated as primary 


or secondary recurrent spontaneous aborters on the 


basis of obstetric history. “Primary aborter” denotes a 
woman who has never had a viable. pregnancy (beyond 
20 weeks of gestation) with a mate who shares her 
aborting history, whereas a designation of “secondary 
aborter” is anteceded by a live birth or a stillbirth of 
> 20 weeks’ gestation. 

Ninety-two couples having unexplained infertility 
were studied. All couples had been infertile for =3 
years and had undergone a previous evaluation with the 
following test results being normal or negative: ultra- 
sonographic monitoring of folliculogenesis, urinary 
luteinizing hormone testing, luteal phase endometrial 
biopsy and serum progesterone, semen analysis, hyste- 
rosalpingogram, laparoscopy, antisperm antibodies 
with immunobead assay, antiphospholipid antibody, 
and activated partial thromboplastin time. Primary in- 
fertility was defined as inability to establish desired 
pregnancy, and secondary infertility denotes those who 
were unable to conceive after having had a previous 
pregnancy. 

The control group was composed of 43 volunteer 
women from within the Indianapolis community. A 
complete medical and obstetric history was obtained 
from each woman. A fertile control was defined as a 
woman who had two or more successful pregnancies 
and who was able to conceive a desired pregnancy 
within 1 year of unprotected intercourse. Volunteers 
with three or fewer pregnancies must have had no 
spontaneous abortions and have at least two children. 
Volunteers with four or more pregnancies may have 
had one spontaneous abortion. However, the most 
recent pregnancy must have been normal and these 
women must have met the other criteria for women with 
three or fewer pregnancies. 

All couples had blood drawn for human leukocyte 
antigen typing, lymphocytotoxic antibody testing, and 
mixed lymphocyte culture. 

Human leukocyte antigen typing. Tissue typing was 
performed for HLA-A, HLA-B, HLA-C, and HLA-DR 
antigens by microlymphocytotoxicity’ on peripheral 
blood lymphocytes of husbands and wives. For HLA-DR 
typing, B cells were obtained after passage of periph- 
eral blood lymphocytes over nylon wool.* Tissue typing 
sera included all of the World Health Organization— 
recognized HLA-A, HLA-B, HLA-C, and SS spec- 
ificities as of 1984. 

Lymphocytotoxic antibody assays. Wife antihus- 
band immunity was detected with two complement- 
dependent cytotoxicity assays: a standard visual micro- 
lymphocytotoxicity assay with a wash step® detected by 
eosin dye exclusion and a modified tube assay detecting 
cytotoxicity by chromium 51 release.” An additional 
tube assay to detect complement-independent, anti- 
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body-dependent. cell-mediated cytotoxicity was used as 
previously described.” Wives’ sera were the antibody 
sources, and husbands’ lymphocytes were the targets for 
all three antibody tests. Cytotoxicity > 20% was consid- 
ered positive for eosin dye exclusion, and “Cr release 
10% greater than the spontaneous °'Cr release was 
considered positive in the *'Cr release and antibody- 
dependent, cell-mediated cytotoxicity assays. 

Mixed lymphocyte culture. To study the ability of 
the wives’ peripheral blood monocytes to react to hus- 
bands’ cells in mixed lymphocyte culture reactions, the 
following peripheral blood monocyte combinations 
were studied: wife (W) responding to husband (H), wife 


_ responding to control (C), control responding to wife, 


and control responding to husband. Diagrammatically, 
the cells in culture would appear as WHr, WCr, CWr, 
and CHr, respectively, with r indicating irradiated stim- 
ulator cells. Each culture. consisted of 100,000 re- 
sponder cells in 0.1 ml of growth medium mixed with 
100,000 stimulator cells in 0.1 ml of the same round- 


‘ bottom microtiter trays. Cultures were plated in tripli- 


cate and incubated in an air and 5% carbon dioxide, 
humidified incubator for 6 days at 37° C. Eighteen 
hours before termination, each culture received 2 pCi 
of tritiated thymidine (Amersham, Arlington Heights, 
HL). Harvest was performed with MASH II equipment 
(Microbiological Associates, Walkersville, Md.), and the 
degree of tritiated thymidine uptake was quantitated in 
a Beckman model 3801 liquid scintillation counter 
(Beckman, Fullerton, Calif.). From the culture tripli- 
cates the average counts per minute was calculated for 
each mixed lymphocyte culture combination. Because 
preliminary observations showed the aborting wives’ 
responses to their husbands to be less than their re- 
sponses to controls, the wife-husband pairs were used as 
numerators to obtain the percent relative response 
according to the equation: 

WHr (counts/min) 

WCr (counts/min) 
For example, if a wife’s response to her husband, WHr, 
were 1000 counts/minute and her response to a control, 
WCr, were 10,000 counts/min, the relative response 
would equal 10%. In other words she responded only 
one tenth as well to her mate as to a third-party 
control." 

To identify mixed lymphocyte culture inhibitors, the 
above tests were performed with both wife’s serum and 
control serum. If the average counts per minute in the 
wife’s serum is decreased by at least 50% from the same 
response in control serum, the presence of an mixed 
lymphocyte culture inhibitor is indicated.” 

Comparative analysis. The frequencies of sharing 
two or more HLA antigens, the presence of maternal 
antipaternal lymphocytotoxic antibodies and mixed 
lymphocyte culture inhibitors among couples experi- 
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Table I. Clinical characteristics of 744 women 
participating in the study . © 






Gravidity 






Obstetric 


-history 
Recurrent sponta- 33 2142 2-11 
neous aborter 
Infertile 33 21-42 0.9 0-5 
Fertile 35 22-42 4.6 2-9 


encing recurrent spontaneous abortion and infertility 
were compared with the frequencies observed amorg 
fertile couples. Differences were analyzed with x? and 
Fisher’s exact test. 


Results 


Patients. Table I summarizes the clinical characteris- 
tics of the women participating in the study. The mean 
age of the infertile women was 33 years (range 21 to 
42); and that of fertile women 35 years (range 22 to 42 
years); the mean age of women with recurrent preg- 
nancy loss was 33 years (range 21 to 42 vears). The 
mean gravidity was 4.3 (range 2 to 11) among women 
with recurrent spontaneous abortion, 4.6 (range 2 to 9) 
among fertile control: women and 0.9 (range 0 to 5) 
among infertile women. Of the 92 infertile women 
studied, 4] had a history of primary infertility and 51 
had secondary infertility. The mean gravidity of the 
women experiencing secondary infertility was 2.0. 

Human leukocyte antigen tissue typing. Results of 
analysis of human. leukocyte antigen sharing between 
partners are summarized in Table II. The frequency of 
sharing two or more HLA-A, HLA-B, HLA-C, or HLA- 
DR loci among couples experiencing recurrent sponta- 
neous abortion was 41%. When the trequency of human 
leukocyte antigen sharing of couples with primary and 
secondary recurrent spontaneous abortion was com- 
pared, no difference was observed. The frequency of 
human leukocyte antigen sharing among couples with 
recurrent spontaneous abortion was not increased com- 
pared with that of fertile couples. In addition, compar- 
ing lymphocytotoxic antibody—positive women with 
lymphocytotoxic antibodies—negative women failed to 
show a significant difference in human leukocyte anti- 
gen sharing. 

Among the 92 infertile couples studied, 31 (34%) 
shared two or more HLA-A, HLA-B, HLA-C, or HLA- 
DR loci (Table II) and 3 (3%) shared more than one 
HLA-DR antigen. Four of the 49 (8%) couples with 
primary infertility could produce offspring that would 
have only one antigen at the HLA-DQ locus, and in 7 of 
the 43 (16%) couples with secondary infertility blanks 
were displayed at the HLA-B locus. Therefore 14 of the 
92 couples (15) studied had human leukocyte antigen 
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Table II. Frequency of HLA antigen sharing 
between partners . 






Sharing of = 2 HLA antigens 


Recurrent sponta- 609 292 41 
neous aborter 
Primary 428 175 41 
Secondary 181 77 43 
Infertile 92 31 34 
Fertile 43 2I, 63 
Maternal antipaternal lymphəcytotoxic antibody 
Positive 160 57 37 
Negative 449 195 . 43 


12, 13 


associations previously reported in infertile couples. 
None. of these frequencies were different from those 
observed in the fertile coúples. | 

Lymphocytotoxic antibodies. Paternal lymphocyto- 
toxic antibodies were present in the sera of 63% (27/43) 
fertile women, 26% (160/609) of all women with recur- 
rent spontaneous abortion, and 8% (7/92) of infertile 
women. an 

' Among women with recurrent spontaneous abortion 
a significant difference in the frquency of maternal 
antipaternal antibodies was observed’ when primary 
(16%) and secondary (51%) recurrent spontaneous 
aborters were compared (¢ < 0.0001) (Fig. Í). The 
frequency of antipaternal lymphocytotoxic antibodies 
was also significantly less when primary aborters were 
compared with fertile women. There was no significant 
difference in the frequency of lymphocytoxic antibodies 
between secondary . aborters ` and fertile women 
(p = 0:21). 

Seven of the 92 infertile women (8%) displayed the 
presence of antihusband lymphocytotoxic antibodies. 
Five of the seven women had secondary infertility (12% 
of women with secondary infertility) and two had pri- 
mary infertility (4% of women with primary infertility) 
(Fig. 1). The frequency of antihusband lymphocytoxic 
antibodies among infertile women was significantly less 
than that observed in the fertile population 
(p < 0.0001). 

When the prevalence of presence of maternal antipa- 
ternal lymphocytoxic antibodies was compared with 
gravidity, it increased from 4% in nulligravid women to 
75% in those women who jad four or more term 
pregnancies (Fig. 2). When compared with primary and 
secondary aborters, those women who had term preg- 
nancies (fertile controls) had a higher prevalence of ma- 
ternal antipaternal lymphocytoxic antibodies (Fig. 2). 

The duration of each pregnancy was documented in 
the obstetric history of 449 wcmen (314 with recurrent 
spontaneous abortion and 92 infertile and 43 fertile 
women). In Fig. 3 the frequency of maternal antipater- 
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Fig. 1, Frequency of presence of maternal antipaternal lymphocytotoxic antibodies (LCA) among 
women experiencing recurrent spontaneous abortion (RSA), infertility, and fertility. 
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Fig. 2. Frequency of presence of maternal antipaternal lymphocytotoxic antibodies (LCA) as function 


of gravidity. 


nal lymphocytotoxic antibodies in these 449 women is 
plotted as a function of total time exposed to preg- 
nancy. The prevalence of the presence of lymphocyto- 
toxic antibodies increased from 4% of women with no 
perceived pregnancies in their obstetric history to 75% 
of women with a total of 160 weeks of pregnancy. 
Mixed lymphocyte culture. The frequency of mixed 
lymphocyte culture inhibitors to husbands’ lymphocytes 
in sera of women also ‘increased with exposure to 
pregnancy. Four percent (4/92) of infertile women, 20% 
(122/609) of women experiencing recurrent spontane- 


ous abortion, and 44% (19/43) of fertile women had a 
mixed lymphocyte culture inhibitor (Fig. 4). The prev- 
alence of mixed lymphocyte culture inhibitors increased 
with increasing gravidity (Fig. 5). Fertile women having 
term deliveries had a higher prevalence of mixed lym- 
phocyte culture inhibitors than did primary aborters 
(p < 0.0001) but not secondary aborters (p = 0.61) ` 
(Fig. 5). All four infertile women with mixed lympho- 
cyte culture inhibitors had secondary infertility. 

When the frequency of mixed lymphocyte culture 
inhibitors in 449 women was compared with total time 
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Fig. 3. Frequency of presence of maternal antipaternal lymphocytotoxic antibodies (LCA) as function 


of total time (weeks) exposed to pregnancy. 
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Fig. 4. Frequency of mixed lymphocyte culture inhibitors (MLC-J) among women with recurrent 


spontanéous abortion, infertility, and fertility. 


exposed to pregnancy, an increase from 4% with no 
pregnancy exposure to 75% with 160 weeks or more of 
exposure was observed (Fig. 6). 


Comment 


Analysis of these data indicates that the frequency of 
HLA sharing between mating couples is not related to 
reproductive performance and that the presence of 
antipaternal lymphocytotoxic antibodies and mixed 
lymphocyte culture inhibitors represents maternal re- 
sponse to exposure to pregnancy. Therefore none of 
the laboratory tests investigated would be expected to 
predict reproductive outcome. These same three labo- 


i 


ratory tests have previously failed to demonstrate any 
relationship between their results and pregnancy suc- 
cess with or without treatment with leukocyte immuni- 
zations of the husband. 

That human leukocyte antigen sharing between 
mates might predict adverse pregnancy outcome was 
suggested by studies in mice and humans. Animal 
reproductive performance was enhanced when there 
were mating pair differences in major histocompatibil- 
ity complex antigens.'° Although many inbred animal 
strains have been reproducing for generations, most 
attempts to inbreed mice have found that only a few 
lines survive, and maintaining residual heterozygosity 
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Fig. 6. Frequency of mixed ERE culture inhibitors (MLC-J) as function of total time in weeks 


l _ exposed to' pregnancy. 


through the breeding system or the high mutation rate 
in mice may be essential. It is of interest to note that the 
Syrian hamster has been inbred without the advantage 
of major histocompatibility complex polymorphism. 


Therefore it is likely that non—major histocompatibility. 


complex genes are important. Initial reports of paren- 
tal human leukocyte antigen sharing and potential fetal 
human leukocyte antigen homozygosity supported an 
association- with recurrent miscarriage in humans.’® ” 
Further studies'.** including the current study (Table 
II), have shown no association between human leuko- 
cyte antigen sharing and subsequent reproductive out- 
come. The frequency of human leukocyte antigen shar- 
ing in this control group (65%) is higher than that 


previously reported (31%).'* The numbers of couples in < 
the control group was small (n = 43), and the variation 
associated with small numbers may explain the high 

frequency of human leukocyte antigen sharing. How- | 
ever, it is important to note that even series showing a ` 
higher frequency of human leukocyte antigen sharing 
in couples with recurrent abortion compared with fer- 
tile control couples are Consistent with the view that the . 
majority of couples experiencing recurrent spontane- 
ous abortion do not have excessive human leukocyte | 
antigen sharing'™ '* ' and that extensive human leuko- 
cyte antigen sharing does pee preclude normal fertility 
and successful pregnancies.'* Because lack of human . 
leukocyte antigen sharing is not necessary for successful 
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reproductive outcome (Table II), 1>" potential human 


leukocyte antigen heterozygosity in the fetus or betweati 
mother and fetus is not essential for successful preg- 
nancy. Therefore human leukocyte antigen typing is 
not an adequate method for identifying genetic phero- 
types that are predisposed to losses. 

Induction of antibodies directed against leukocyte 
antigens by the mother in response to allostimulation 
through reproductive processes is a well-known phe- 
nomenon in mammals.'” Serologic studies indicate that 
these antibodies are often cytotoxic in nature and that 
they are directed against paternal or paternally inher- 
ited alloantigens.” It has been speculated that these 
lymphocytoxic antibodies might be detrimental for the 
ability to conceive or maintain pregnancy,* but no 
compelling evidence for such effects exists. In fact, 
some investigators suggest that the presence of lympho- 
cytotoxic antibodies predicts subsequent successful 
pregnancy outcome.” '° In the current study fertile 
women had antipaternal lymphocytotoxic antibodies 
more frequently than did infertile women (p < 0.0001). 
This observation suggests that the presence of lympho- 
cytoxic antibody is associated wich fertility rather than 
infertility. That fertile women had a higher frequency of 
antipaternal lymphocytotoxic antibodies than did szc- 
ondary recurrent spontaneous aborters, primary recur- 
rent spontaneous aborters, secondary infertile women, 
and primary infertile women (Fig. 1) (in that order) 
suggested an association between exposure to preg- 
nancy and the presence of antibodies. To test this 
suggestion, the total time exposed to pregnancy (num- 
ber of pregnancies X duration) was calculated from 449 
obstetric histories. As time of exposure to pregnancy 
increases, the frequency of presence of maternal pro- 
duction of lymphocytoxic antibodies increases. 

The associations between grav-dity (Fig. 2) and dura- 
tion (Fig. 3) of pregnancy with tke presence of lympho- 
cytoxic antibodies support the concept that lymphccy- 
totoxic antibodies are the result of pregnancy rather 
than the cause of a lack of successful pregnancy. 

Blocking of potentially deleterious maternal immune 
responses has been postulated as a mechanism for 
successful pregnancy.” The mixed lymphocyte culture 
assay has been used as an in vitro model for allogereic 
reactions between individuals. Serum factors that in- 
hibit mixed lymphocyte culture responses are thought 
to be necessary for normal reproduction.” However, 
blocking activity is not always detected in the sera of 
women with normal pregnancy.” In addition, normal 
pregnancy can occur in B cell~—deficient agammaglobu- 
linemic mice and women.” Like the presence of mazer- 
nal antipaternal lymphocytotoxic antibodies, mixed 
lymphocyte culture inhibitors are more frequent in the 
sera of fertile infertile women (p < 0.0001) (Fig. 4) and 
are associated with number (Fig. 5) and duration (Fig. 
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6) of pregnancy. Thus it appears that the presence of 
mixed lymphocyte culture inhibitors and antipaternal 
lymphocytotoxic antibodies represents a response to 
pregnancy rather than a cause of failed pregnancy. 

The presence of lymparocytotoxic antibodies and 
mixed lymphocyte culture inhibitors reflects the num- 
ber and duration of exposure to pregnancy. This infor- 
mation can be obtained from the obstetric history. The 
frequency of human leukocyte antigen sharing between 
mates and the presence of maternal antipaternal lym- 
phocytotoxic antibodies and mixed lymphocyte culture 
inhibitors do not predict reproductive success or fail- 
ure.'* 15 1% 23 24 Therefore these assays are not useful for 
evaluation and add to the expense of couples experi- 
encing reproductive problems. One possible exception 
exists. If immunotherapy with immunization is going to 
be considered as a treatment option, individuals already 
showing an allogeneic response to husbands’ white 
blood cells (positive maternal antipaternal lymphocyto- 
toxic antibodies) would not be expected to respond and 
could be considered for alternative forms of treatment. 

Maternal antipaternal lymphocytotoxic antibodies 
are an effect of pregnancy and therefore do not explain 
why the pregnancy failed. To identify couples who have 
an alloimmunologic cause for their recurrent preg- 
nancy loss, markers of allogeneic recognition are re- 
quired. The mixed lymphocyte culture has been used as 
an. assay for allogeneic recognition. However, the prev- 
alence of depressed mixed lymphocyte cultures in re- 
currently aborting couples is low” and does not predict 
subsequent pregnancy outcome.'” '* Therefore the cur- 
rently available assays are not useful in the evaluation of 
couples having reproductive problems. More sensitive 
and specific tests are needed to define immunologic 
causes of reproductive disorders. The antibody on the 
placental trophoblast that has been proposed to medi- 
ate protection of the pregnancy is not anti-HLA anti- 
gen.”° It is directed against an allotypic nonspecific 
cross-reacting antigen—like determinant with a molecu- 
lar weight of 80 kd.” Testing for this antibody might 
provide a more specific assay for appropriate allogenic 
response. 


We thank Dr. John A. McIntyre and Dawn Wagenecht 
for performing the tests and Dr. David A. Clark for 
helpful discussions and comment during the prepara- 
tion of the manuscript. 
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Photodynamic therapy of human ovarian epithelial 
carcinoma, OVCAR-3, heterotransplanted in the 


nude mouse 


C. Matthew Peterson, MD, Robert Reed, MS,” * * Christopher J. Jolles, MD," 
Kirtly Parker Jones, MD,’ Richard C. Straight, PhD,® © * and A. Marsh Poulson, MD" 


Salt Lake City, Utah 


OBJECTIVE: Our objective was to davelop an animal moce! for the study of photodynamic therapy in the 


treatment of human ovarian epithelial carcinoma. 


STUDY DESIGN: The human ovarian carcinoma OVCAR-: was heterotransplanted into nude, athymic 
mice and treated with photodynamic therapy consisting of the hematoporphyrin derivative Photof-in Il 
10.ng/kg and argon-pumped dye laser light at 630 nm {200 J/cm*). Growth of tumors on one sid2 of 
seven mice (treated tumors, n = 7) ‘was compared with contralateral tumors (control tumors, n = 8) not 
exposed to laser. Hematoporphyrin derivative uptake was determined in tumor and other tissues. 
RESULTS: Photodynamically treated tumors were completely ablated, and all remained absent. 
Hematoporphyrin derivative uptake was nonselective for tumor compared with other tissues. 
CONCLUSION: This mode! provides reproducible parameters for the study of photodynamic therapy in 
the treatment of gynecologic maligrancies and demonstrates the need for methods to increase selective 
uptake of hematoporphyrin derivatives. (AM J Osstet Gyneco 1992;167:1852-5.) 


Key words: Photodynamic therapy, gynecologic mzlignancies 


Tochner et al." demonstrated the responsiveness of a 
murine ascites tumor (embryonal ovarian carcinoma) to 
photodynamic therapy by using intraperitoneal dcsing 


of a hematoporphyrin derivative and intraperitaneal — 


argon laser therapy. The end point of their study was 
the rate of survival as compared with nontreated ani- 
mals. Although impressive results were obtained, addi- 
tional measurable parameters were sought by our 
group. Other investigators have shown in vitro respon- 
siveness of human ovarian epithelial carcinoma to pho- 
todynamic therapy.” ° 

Yo characterize the effectiveness of photodyriamic 
therapy on ovarian epitheliai carcinoma in vivo, we 
- chose to evaluate the human ovarian epithelial carci- 


noma OVCAR-3.* The, tumor was heterotransplanted — 


bilaterally into each nude mouse’s flank at the muscu- 
loperitoneal level. in this location growth occurs on the 
peritoneal surface and extends by micrometastases 
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along the peritoneal surtace. This location also allows 
rapid and reproducible measurements of tumor vol- 
ume. The purpose of our study was to document the in 
vivo effectiveness of photodynamic therapy, to deter- 
mine hematoporphyrin derivative uptake in selected 
tissues, and to develop an animal model with easily 
reproducible measurements of tumor volume for fur- 
ther study. 


Material and methods 

Animals. The animal care guidelines of our institu- 
tion were strictly followed. Nine 5- to 8-week-old female 
nu/nu mice were injected in both flanks with 0.04 to 
0.05 cm® media-dispersed OVCAR-3 solid tumor from a 
single donor witha 14-gauge trocar. Solid tumor was 
obtained from an original nude mouse that had been 
injected with 2 million cells (in each flank) from tissue 
culture. The original cell line (American Type Culture 
Collection, Rockville, Md.) was grown in RPMI 1640 
supplemented with 10 ug/ml insulin, antibiotics, and 
10% fetal bovine serum. 

For serial transplantation 2 mm skin was incised with 
a scalpel, the tissue-laden trocar was inserted, and the 
contents were delivered midway from the iliac crest to 


‘the bottom rib. Growzh was monitored every 2 to 4 


days. ‘Tumor volume was assessed by measuring two 
axes and calculating the tumor volume with the formula 
4/3 w R,*Ro as we have previously described.” Consistent 
growth rates were documented in the tumor-bearing 
mice. 

- Experiments. When tumors reached a mean of 0.18 
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Fig. 1. Nude mouse undergoing photodynamic therapy. 


cm* (one diameter 2.0 mm minimum), the mice were 
given 10 mg/kg Photofrin II intravenously by tail vein 
(Photofrin II, a purified form of hematoporphyrin de- 
rivative, was kindly provided by QLT Phototherapeu- 
tics, Inc. Vancouver, B.C., Canada). Twenty-four hours 
after injection seven mice were anesthetized (sodium 
pentothal 95 mg/kg intraperitoneally) and tumors on 
one side of the animal were treated with the argon- 
pumped dye laser (model 600, Cooper Medical Corp., 
Santa Clara, Calif.) at 630 nm for 10 minutes with 66 
mW power to give 200 J/cm* (photodynamically treated 
tumors, n = 7; Fig. 1). The contralateral tumor of each 
animal served as control (control tumors, n = 8). Per- 
centage of tumor volume was calculated from the time 
of laser therapy (day 0 100%) and assessed for signifi- 
cance in the treated (n = 7) and untreated (n = 8) 
tumors. One additional mouse received laser light ther- 
apy alone to all tumors (n = 4) without hematoporphy- 
rin derivative to detect the potential for thermal dam- 
age by the laser light alone. 

Measurements of the tumor were performed by an 
observer blind as to which side received laser light. 

Hematoporphyrin derivative uptake in tissue sam- 
ples. Photofrin I—uptake studies were performed on 
one additional mouse 24 hours after injection. Photo- 
frin II’s hematophorphyrin derivative levels in tumor, 
colon, reproductive tract, and skin tissues were deter- 
mined with techniques previously described.° The ani- 
mal was killed 24 hours after the injection of Photofrin 
Il; the desired organs were dissected and immediately 
frozen on dry ice. For uptake studies purified water was 
added to previously frozen (— 70° C) tissues to give 50 
mg tissue/1 ml water. After homogenization (Brinkman 
polytron, Westbury, N.Y.), 200 ul was added to a mi- 
crocentrifuge tube with 500 ul of 10% trichloroacetic 
acid. After mixing and centrifugation the pellet was 
resuspended in 200 wl of water with vortexing. The 


suspension was extracted with 250 wl of methyl ethyl 
ketone (J.T. Baker, Phillipsburg, N.J.), in two steps. 
The methyl ethyl ketone layer extracts were acidified 
with aqueous hydrochloric acid (15%, 1 ml). After being 
mixed, the aqueous layer with the acidified, extracted 
porphyrins settled to the bottom of the tube. This layer 
was collected and fluorometrically measured with a 
spectrophotofluorometer (Aminco-Bowman, Urbana, 
Ill.). The exciting and emission wavelengths were 412 
nm and 610 nm, respectively. The assay was standard- 
ized with known dilutions of hematophorphyrin deriv- 
ative as follows: an initial reading was taken, then 1 yg 
(10 wl) of standard was added and a second reading 
made to determine whether fluorescence quenching 
was occurring. The sample reading was adjusted ac- 
cordingly. The methyl ethyl ketone—extracted tissue 
pellet was then solubilized with 0.5 ml Hyamine (meth- 
ylbenzethonium) hydroxide. Methanol (1 ml) was then 
added to the Hyamine solution, and the solution was 
measured for porphyrin fluorescence and quenching 
(excitation 402 nm, emission 628 nm). The corrected 
values for the methyl ethyl ketone—hydrochloric acid 
extract and for the Hyamine solution were added to 
give the total porphyrin content per gram of dry weight 
of the sample. Both interassay and intraassay coeffi- 
cients of variation were < 12%. 


Results 


Tumor volume was measured on days 7, 15, 28, and 
42 from application of laser light. The observer was 
blind to the treatment; however, on day 7 a small eschar 
(<1.5 mm maximum diameter) over the laser light- 
treated tumors was noted that clearly identified the side 
receiving laser-light treatment. The former tumor nod- 
ule in these areas was absent. By day 9, all visible 
evidence of eschar was absent. 

Tumors were ablated on the treated side and re- 
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Days 


Fig. 2. Percent tumor volume in control OVCAR-3 tumors vs photodynamically treated OVCAR-3 
tumor grown in athymic nude mice. Each point represents mean percentage of tumor volume + SD. 
Hatched line, Laser-treated tumors; solid line, contralateral (control) tumors. 


mained absent until day 28, when a small volume of 
tumor was noted at the periphery of the laser-treated 
side beyond the area of phototherapy in two animals. 
These tumor micronodules were believed to represent 
growth from seeding of the original tumor transplanta- 
tion that had not been exposed to laser light. The day 
28 control tumors were 917.6% + 588.4% of day 0 
volume; treated tumors were only 0.17% + 0.33 of day 
0 volume. All originally treated tumors were absent. 
This was significant at p < 0.003; Fig. 2). 

On day 42, control tumors were 2498.5% + 2132% of 
day 0 volume compared with treated tumors, which were 
410.7% + 385.5% of day 0 volume. Again, treated- 
tumor volume at 42 days was believed to represent 
growth initiated from beyond the original area of photo- 
therapy, and all treated tumor remained absent. This 
difference was significant at p < 0.02. 

No signs of toxicity (death, skin sensitization, signif- 
icant thermal injury) to the Photofrin II or laser therapy 
were detected. 

Photofrin II levels 24 hours after injection for the 
following tissues were tumor, 15.4 ng/ml; colon, 10.8 
ng/ml; reproductive tract, 18.4 ng/ml; and skin, 7.1 
ng/ml. 

Laser light alone did not result in thermal damage or 
injury, as we have previously shown.’ The mouse treated 
with laser light without prior hematoporphyrin deriva- 
tive injection had no eschar formation or thermal 
damage. 


Comment 


Photodynamic therapy appears to result in tumor 
destruction via microcirculatory collapse with arteriolar 
constriction and venous thrombosis.” ° Cell membrane 
and mitochondrial damage may precede or coincide 
with the structural collapse. These destructive events 
have been attributed to reactions of singlet oxygen 
formed as light energy interacts with the hematophor- 
phyrin derivative photosensitizer. It was initially be- 
lieved that hematoporphyrin derivatives were selec- 
tively taken up by tumors. Unfortunately, as our study 
demonstrates, uptake is greatest for tissues with mod- 
erate to high blood flow rates and does not appear to be 
selective. If patients could be treated effectively on an 
outpatient basis to debulk microscopic ovarian cancer 
metastases without injury to vital organs, a significant 
decrease in total costs and an improvement in the 
quality of life could be anticipated as compared with 
present therapeutic modalities. 

Phase I studies have been performed with photody- 
namic therapy and reported in 21 patients with malig- 
nant intraperitoneal tumors (13 with ovarian carcinoma 
and 8 with sarcoma). Five of eight cleared positive 
peritoneal cytologic tests, and six remained free of 
disease at 18 months. Five suffered treatment-related 
complications.'' These complications may be related to 
potential damage to surrounding bowel and may be 
reduced if appropriate selective uptake by tumor” and 
protective adjuvants can be developed in appropriate 
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models.” '* Goff et al.* demonstrated in vitro that 
photoimmunoconjugates of hematoporphyrin deriva- 
tive and OC 125 (antiovarian carcinoma monoclonal 
antibody) retain significant antigen-binding specificity 
and affinity and their ability to eradicate target cells. 
Bedwell et al.'* suggested the potential protective and 
potentiation of activity with the phophorylated thiol 
radioprotectant WR-77913 in rat colon. Bellnier'® dem- 
onstrated enhancement of photodynamically treated 
subcutaneous tumors by the addition of recombinant 
human tumor necrosis factor-a. 

In recent years the potential of water-soluble syn- 
thetic polymeric carriers in targeted drug delivery has 
been recognized. Attachment of drugs and photactivat- 
able compounds to macromolecules limits cellular up- 
take to the endocytotic route.'* The immunogenicity 
and nonspecific toxicity of polymer-bound drugs is 
substantially lower when compared with low molecular 
weight drugs.'” '° By combining antibodies to ovarian 
carcinoma (OV-TL3) to chemotherapeutic agents (adri- 
amycin) and photosensitizers the toxicity of each agent 
can be reduced, and the activities of each therapeutic 
agent are more specifically targeted. The model devel- 
oped in our study will help to assess the potential 
benefits of such therapeutic interventions. 

Our study demonstrates the use and effectiveness of 
photodynamic therapy in the destruction of human 
ovarian epithelial carcinoma (OVCAR-3) grown in the 
musculoperitoneal lining of the nude mouse. It does 
not appear that there is selective uptake of hematopor- 
phyrin derivative by tumor. This model provides an 
internal control (contralateral untreated tumor) and is 
readily quantified. Studies in which copolymerization 
technology is used with hormonal or immunologic tags 
are anticipated to improve selective uptake by the 
tumors.'*'° 
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Endometrial ablation by means of photodynamic therapy 


with photofrin II 


Nayantara Bhatta, MD,* R. Rox Anderson, MD,” > Thomas Flotte, MD,” ® Isaac Schiff, MD,” ” 


Tayyaba Hasan, PhD," and N.S. Nishioka, MD* ° 


Boston, Massachusetts 


OBJECTIVE: Photodynamic therapy is a technique in which tissue is irradiated with light after the use of 
a photosensitizing drug that produces singlet oxygen, which has a cytotoxic effect. The feasibility of using 
photodynamic therapy with photofrin II for endometrial ablation was studied. 

STUDY DESIGN: Fifty-eight rabbits were studied. Preferential uptake of photofrin Il by endometrial tissue, 
compared with the myometrium, was established by drug extraction and fluorescence microscopy after 
administration of photofrin II intravenously. Dosimetry for endometrial ablation was established by 
administering photofrin Il in 1, 2, 5, and 10 mg/kg doses and laser light (630 nm) at radiant exposures of 
100 and 200 J/cm”. Histologic examination was performed at 24 hours, 5 days, and 10 days after 
treatment. There were two control groups. One group received laser light but no photofrin Il, and the 


other received photofrin II without laser light. 


RESULTS: The concentration of photofrin II was three times higher in the endometrium than in the 
myometrium at doses of 1 and 2 mg/kg. Fluorescence microscopy of frozen sections of endometrium and 
myometrium showed a predominantly perivascular fluorescence from photofrin Il. A dose of 1 and 2 
mg/kg and a flow of 100 J/cm? was adequate for endometrial ablation in rabbits. At 24 hours after 
treatment there was extensive hemorrhage and evidence of cell death in the entire endometrium and mild 
hemorrhage in 10% to 50% of the inner circular layer of the myometrium. At 5 days after treatment 
necrosis of the entire endometrium and the inner half of the myometrium was seen, but the outer half of 
the myometrium and the serosa were normal. There were no cases of uterine perforation. Similar results 
were seen at 10 days after treatment, except for the additional presence of inflammatory cells. Neither 
control group (drug without light, light without drug) showed any injury to the endometrium at 24 hours. 
CONCLUSION: We conclude that endometrial ablation can be effectively achieved in rabbits by means of 
photodynamic therapy with photofrin II without significant complications. (Am J Osstet GYNECOL 


1992;167:1856-63.) 


Key words: Photodynamic therapy, endometrial ablation, photofrin 


Endometrial ablation with the Nd: YAG laser was first 
reported by Goldrath et al.’ in 1981 as a substitute for 
hysterectomy in patients with chronic menorrhagia 
from benign causes refractive to medical therapy. The 
procedure is performed under direct visualization 
through a hysteroscope and requires 60 to 120 min- 
utes? to complete. The uterine cavity is distended with 
irrigating fluid to maintain a clear visual path. Hyper- 
volemia and pulmonary edema as a result of fluid 
overload have been reported after this procedure. Gas 
was used to cool down the fiber tip; this has caused 
death from gas embolism.* Moreover, the laser irradia- 
tion is delivered at extremly high power through an 
optical fiber, which could perforate the uterus and 
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produce thermal injury to adjacent bowel.’ The overall 
success rate has been reported to be 52% to 95%.° 
Failures are usually related to technical limitations that 
prevent all areas of the endometrium from being de- 
stroyed. 

Photodynamic therapy with a hematoporphyrin de- 
rivative is based on the preferential uptake and reten- 
tion by certain tissues, such as neoplastic, inflammatory, 
traumatized, and embryonic tissues.” * Irradiation of 
the porphyrin-containing tissue with light of appropri- 
ate wavelength leads to formation of singlet molecular 
oxygen, cytotoxicity, and destruction of the tissues.” '° 
In this fashion tissues that preferentially retain photo- 
sensitizing drugs can be destroyed with relatively little 
damage to surrounding tissues. Well-vascularized tissue 
that is well oxygenated tends to take up more photofrin 
II, therefore making it a good target tissue for photo- 
dynamic therapy. 

We postulated that endometrium might retain pho- 
tosensitizers preferentially over myometrium, making it 
possible to selectively destroy the endometrium after 
irradiation with an appropriate wavelength of laser 
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Fig. 1. Laser light delivery to rabbit uterus. 


light. This might allow endometrial ablation to be 
performed without a hysteroscope, fluid irrigation, or 
high-powered lasers. Additionally, because the laser 
light would be delivered in a diffuse manner, the 
chances of residual untreated endometrium remaining 
after the procedure might be reduced. If successful, the 
procedure might even be done in the office. 

As a first step toward testing this hypothesis, we 
performed experiments to determine whether prefer- 
ential uptake and retention of the photofrin by endo- 
metrium occurred. We then performed in vivo animal 
experiments to determine the optimal laser and pho- 
tosensitizer doses for endometrial ablation. 


Material and methods 

Photosensitizer. Freeze-dried photofrin porfimer so- 
dium (Lederle, Pearl River, N.Y.), a preparation of 
hematoporphyrin derivative enriched for diporphyrin 
and oligoporphyrin ethers (or esters), was stored in the 
dark at — 70° C. A concentration of 2.5 mg/ml solution 
for injection into the animals was obtained by dissolving 
15 mg of photofrin II in 6 ml of 5% dextrose. 

Laser. A dye laser (model CR-599; Coherent, Palo 
Alto, Calif.) containing DCM dye (catalog No. 06490; 
Exciton, Dayton, Ohio) was pumped by the 514.5 nm 
emission of a continuous-wave, argon-ion laser (model 
Innova 100; Coherent). The dye laser emission was 
tuned to 630 nm. Laser energy was delivered through a 
quartz fiber 400 or 600 um in diameter to a cylindric 
intrauterine radiator described below, providing flow of 
100 and 200 J/cm’. 

Laser light—delivery system. A disposable cylindric 
diffusing fiberoptic tip 2 cm in length was constructed 


by removing the cladding and spraying it with white 
paint. This allowed relatively uniform light emission 
from the side of the fiber. The cylindric tip fiber was 
placed in a balloon dilatation catheter (Dc/6-2/7/75; 
Medi-Tech, Watertown, Mass.), which provided a con- 
tour for the uterus (Fig. 1). The balloon was distended 
with 5 ml of water to conform to the rabbit uterine 
cavity. This allowed the balloon to fit inside the uterine 
cavity loosely without causing any pressure on the 
uterine wall. The length of the balloon used in these 
experiments was 3.5 cm. The uniformity of the light 
through the cylindric tip fiber was measured with a 
photovolt detector with an isotropic ball-tip fiber every 
1 mm on the cylindric fiber. 

Animals. Fifty-eight female virgin New Zealand 
White rabbits weighing 3 to 3.5 kg were studied. Rab- 
bits have a double uterus that continues into the fallo- 
pian tube on either side. The endometrium is present 
in folds. The thickness of the endometrium varied from 
40 to 950 um and the thickness of the myometrium 
varied from 500 to 1000 um (Fig. 2). The animals were 
anesthetized with ketamine (50 mg/kg) and xylazine 
(2 mg/kg) administered intramuscularly. 

Experimental design. The study was performed in 
three phases. In the first phase the goal was to establish 
the preferential uptake of photofrin II by the endome- 
trium. This was established by extraction of photofrin II 
from the separated endometrium and myometrium (six 
animals) and by fluorescence microscopy of fresh-fro- 
zen sections (four animals). In the second phase of the 
study experiments were performed (22 animals) to 
demonstrate that laser-irradiated endometrial ablation 
of photofrin II-rich endometrium could be achieved 
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Fig. 2. Histologic features of normal uterus. A, Low-power photomicrograph illustrating endome- 
trium (E), circular (C) and longitudinal (L) layers of myometrium, vascular plexus (arrowheads) between 
two muscular layers, lumen (asterisk), and glands (arrow). (Hematoxylin and eosin. Original magnifi- 
cation X 115.) B, High-power photomicrograph of myometrium at junction of inner circular (C) and 
outer longitudinal (L) muscular layers. Arrowheads, Vascular plexus. (Hematoxylin and eosin. Original 
magnification x 200.) C, High-power photomicrograph of endometrium illustrating epithelium and 
connective tissue. Lumen (asterisk) and glands (arrows) are noted. (Hematoxylin and eosin. Original 


magnification X 200.) 


without significant damage to the outer muscular and 
serosa of the uterus. Appropriate light and photofrin H 
dose determinations were made. Histologic studies 
were performed in 20 animals to determine the effect 
after 24 hours and 5 days and to assess possible unde- 
sirable regrowth of the endometrium at 10 days. There 
were two control groups. In one control group six 
animals were not given photofrin I, but the uterine 
cavity was irradiated with laser light (100 J/cm*) to 
exclude any thermal effect in the endometrial ablation. 
This control consisted of the second uterine horn of the 
animals of the experimental group (i.e., each animal 
had an irradiated and a control unirradiated uterine 
horn). 

Drug extraction (six animals). Three animals received 
1 mg/kg of photofrin II and three received 2 mg/kg by 


direct injection into the ear vein. The uterus was re- 
moved 24 hours later by laparotomy. The uterus was 
opened longitudinally and the endometrium was dis- 
sected away from the myometrium with a pair of fine 
scissors. The myometrium was further scraped to obtain 
the remaining endometrial tissue. The wet tissue weight 
was measured, and the tissue samples were frozen at 
—70° C. For extraction tissue samples were homoge- 
nized (model PT 10/35 homogenizer, Brinkmann In- 
struments, Westbury, N.Y.) in 0.1 mol/L sodium hy- 
droxide, then centrifuged at 17,000 revolutions/min 
(Sorvall RC-5B refrigerated superspeed centrifuge, Du 
Pont) for 20 minutes. The fluorescence of the superna- 
tant was measured with a spectrofluorometer (Fluo- 
rolog 2, Spex Industries, Edison, N.J.) and compared 
with that of a standard solution of photofrin II after a 
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Table I. Concentration of photofrin in endometrium and myometrium 24 hours after injection 


Photofrin concentration 
in tissue (ug/gm) 


Mean + SE 3.71 + 0.51 


Photofrin dose (mg/kg body weight) 


1 mg/kg 


1.04 + 0.34 


2 mg/kg 
Myometrium 


10.26 + 1.31 3.54 + 0.5 





standard curve with known photofrin II concentrations 
was generated. The emission spectrum for photofrin II 
was scanned from 590 to 750 nm with an excitation 
wavelength of 400 nm. Background correction was not 
obtained. Photofrin II concentration was expressed as 
micrograms per gram. The statistical analysis was per- 
formed with the two-tail ¢ test. 

Fluorescence microscopy (four animals). Rabbit uteri were 
examined 24 hours after intravenous injection of pho- 
tofrin II at doses of 0, 1, 5, and 10 mg/kg body weight. 
Frozen sections 7 ym thick were viewed under epiillu- 
mination with an epiillumination fluorescence micro- 
scope (Zeiss, Oberkochen, Germany) illuminated with a 
50 W mercury lamp. Specimens were examined with a 
Zeiss BP405/8 exciter filter (405 nm with a band width 
of 8 nm), chromatic beam splitter FT420 (Zeiss), and 
barrier filter LP590 (Zeiss). 

Laparotomy technique. A laparotomy was per- 
formed through a midline incision, and the two uterine 
horns were exposed. Part of one uterine horn was 
ligated and removed for the control study (photofrin II 
given but not laser light irradiation). In the second 
uterine horn a port of entry was made approximately 
3.5 cm above the cervical end, by formation of a small 
opening. The balloon catheter was inserted through 
this opening into the uterine cavity for irradiation (Fig. 
1). The balloon catheter was secured in place with a stay 
suture. The aim was to achieve uniform distribution of 
the light to the entire surface of the uterine cavity. 
Other abdominal organs were shielded from the light 
delivered to the uterus. The abdominal cavity was 
closed in two layers. Uterine specimens were collected 
by a second laparotomy, and the animals were killed 
after the procedure. Specimens were placed in a 10% 
formalin solution for later histologic examination. 

Dosimetry study (22 animals). The aim was to esti- 
mate the minimum dose of photofrin II effective for 
endometrial ablation at a flow of 100 and 200 J/cm’. 
Animals were given photofrin II in doses of 0.5, 1, 2, 5, 
or 10 mg/kg and irradiated after 24 and 48 hours with 
100 or 200 J/cm?” (one animal in each group). In 
addition, amounts of 0.5 and 1 mg/kg were given to one 
animal each and the uterine cavity was irradiated 4 
hours later at 100 J/cm? to assess acute effects on 
endometrial ablation. 

Endometrial ablation (20 animals). Photofrin II 


doses of 1 (seven animals), 2 (10 animals), and 4 (three 
animals) mg/kg and a light dose of 100 J/cm? were 
administered 24 hours later. The uterus was obtained 
by laparotomy at intervals of 1, 5, and 10 days after 
treatment. 


Results 

Photofrin II extraction. The concentration of the 
dye in the endometrium was three to four times higher 
than that in the myometrium 24 hours after injection of 
the dye (Table I). The difference was Statistically signif- 
icant (p < 0.01). 

Fluorescence microscopy. Animals that did not re- 
ceive photofrin II showed no fluorescence. Animals that 
received photofrin II had findings consistent with the 
extraction data. Qualitatively, there was more fluores- 
cence in the endometrium than in the myometrium. 
The patterns of fluorescence in these two tissues were 
different. In the myometrium fluorescence was predom- 
inantly perivascular, whereas in the endometrium (Fig. 
3) fluorescence was both perivascular and interstitial. 
The interstitial fluorescence was most intense in the 
subepithelial locations. The epithelium demonstrated 
some fluorescence but less than that of the subjacent 
connective tissue. 

Dosimetry study. Light irradiation (100 J/cm*) 4 
hours after photofrin II injection did not have any effect 
on the endometrium or the myometrium. In contrast, 
there was hemorrhage and cell death of the endome- 
trium when the same flow was given at 24 and 48 hours 
after photofrin II injection. There was no noticeable 
difference in the macroscopic and microscopic appear- 
ance of the two groups. Therefore an interval of 24 
hours for laser irradiation after photofrin II injection 
was selected for further experiments. 

Laser irradiation was performed at two separate 
flows, 100 and 200 J/cm”. Interestingly, there was no 
apparent difference in the damage to the endometrium 
or myometrium at these flows. At the highest photofrin 
II doses of 5 and 10 mg/kg, damage to the surrounding 
organs (bladder, loop of intestine, fallopian tube, and 
upper part of vagina) was noted. The damage appeared 
as erythema or petechial hemorrhage. In contrast, the 
experiments were performed with 1, 2, and 4 mg/kg 
body weight doses of photofrin II. 


Endometrial ablation. Examination of the abdomi- 
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Fig. 3. Fluorescence photomicrographs of uterus 24 hours 


after intravenous injection of photofrin Il. A, Myometrium 


demonstrates predominantly perivascular localization of 


fluorescence (arrowheads). (Original magnification X 260.) B, 
Endometrium (E) demonstrates more fluorescence than m 
myometrium (M) and pattern is predominantly interstitial. 
(Original magnification X 130.) 


nal organs at | day, 5 days, and 10 days after treatment 
did not show any damage to adjacent organs. One day 
after treatment the uterus appeared edematous and 
darker because of hemorrhage. At 5 and 10 days the 
uterus was slightly darker and still somewhat edematous 
but much less than on day 1. In several cases the uterus 
was found to be slightly adherent to the fallopian tube. 
There was no serosal damage, and the uterus was intact 
in all animals. At 10 days dark vaginal discharge was 
noted. 

Histologic examination. Twenty-four hours after 
treatment with 2 mg/kg photofrin II and flow of 100 
J/cm? there was extensive hemorrhage in the endome- 
trium with damage to the epithelium and the blood 


vessels. The myometrium showed some hemorrhage in 


the inner circular layer of the muscle, and the extent of 


injury was well demarcated. Five days after treatment 
there was necrosis of the entire endometrium (Fig. 4). 
The epithelium had sloughed, the blood vessels and 
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Table II. Results of endometrial ablation at 
three different doses at intervals of 1, 5, 


and 10 days 












Photofrin Results 
dose (mg/kg 


body weight) 





Animal 
No. 







10 days 


|l mg | ++++ 
2 ++ 
3 ++++ 
4 +++4+ 
5 +r + + 
6 0 
7 () 
2 mg 8 ++++ 
9 ++++ 
10 ++++ 
1] ++++ 
12 ++++ 
13 ++++ 
14 0 
15 +++4++ 
16 ++++ 
17 0 
4 mg 18 ++++E 
19 ++++E 
20 +++tH+E 





+++ +, Full-thickness endometrial ablation; 0, no en- 
dometrial ablation; E, extensive damage to myometrium. 


cells in the connective tissue were eosinophilic, and 
there was pyknotic loss of the nuclei. The extravasated 
red blood cells seen at 24 hours were no longer appar- 
ent. Occasional inflammatory cells were present. The 
inner 10% to 50% of the myometrium showed coagula- 
tive necrosis, and the outer 50% of the myometrium 
and the serosa were viable. At 10 days after treatment 
histologic examination showed results remarkably sim- 
ilar to those at 5 days after treatment. The only differ- 
ence was the presence of a few more scattered inflam- 
matory cells. 

Treatment with 1 mg/kg photofrin I and 100 J/cm” 
demonstrated similar results. Treatment with 4 mg/kg 
photofrin II and 100 J/cm? demonstrated more exten- 
sive damage at 10 days after treatment compared with 
1 and 2 mg/kg doses. The serosa was intact along with 
20% viable myometrium, whereas the remainder of the 
myometrium and the entire endometrium were ne- 
crotic. 

Of the 20 animals treated at 100 J/cm’, four showed 
no response to treatment. Both of the animals received 
1 mg/kg photofrin II and, when examined 10 days after 
treatment, showed no response. The other two received 
2 mg/kg photofrin II and were examined 5 and 10 days 
after treatment. It is unclear why these animals showed 
no response, although the reason for no response in 
these four animals could be insufficient laser light 
delivery to the uterus from some technical problem. 

The unirradiated control uterine horn showed no 
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Fig. 4. Photomicrographs of uterus 5 days after treatment with 2 mg/kg photofrin II and 100 J/cm? 
laser light delivered 24 hours after photofrin II injection. A, Low-power photomicrograph illustrates 
necrosis of endometrium (E) and portion of myometrium (C). Necrotic vessels (asterisk) and occluded 
vessels (arrowheads) are noted. (Hematoxylin and eosin. Original magnification X 115.) B, High-power 
photomicrograph of myometrium showing necrosis of inner circular layers (C) of myometrium and 
viability of outer longitudinal layers of myometrium. Arrowheads, Occluded vessels. (Hematoxylin and 
eosin stain. Original magnification x 200.) C, High-power photomicrograph of endometrium dem- 
onstrating sloughing of epithelium and necrosis. Asterisk, Lumen; arrow, necrotic vessels. (Hematox- 


ylin and eosin stain. Original magnification x 200.) 


damage to the endometrium or the myometrium. The 
control uterine horn that was irradiated with 100 J/cm? 
laser light but received no photofrin II also showed no 
damage to the entire endometrium or the myometrium. 
These data are summarized in Table II. 


Comment 


Photodynamic therapy is a treatment modality that 
destroys tissue when light provides the activated energy 
for a toxic photochemical reaction. Most photodynamic 
action typically requires three components: photosen- 
sitizer, oxygen, and light. Oxygen is required because 
excited (singlet) oxygen acts as an intermediate. The 
potential for minimal normal tissue toxicity because of 
selective sequestration of photofrin II within tumors has 
prompted treatment of skin,'' bladder,'* head and 
neck,'* brain'* and esophagus"? tumors. 


The use of photodynamic therapy in gynecologic 
cancers, although not extensive, has been encouraging. 
High-power photodynamic fluorescence has been re- 
ported in both dysplasia and cervical carcinomas.'® 
Primary and recurrent vaginal cancers'” '* and cervica'® 
and ovarian tumors”” *' have been treated by photody- 
namic therapy. Apart from tumors, photodynamic ther- 
apy has been investigated in rabbit endometrial trans- 
plants as a model for treatment of endometriosis.** ** 
Our study is apparently the first to examine the use of 
photodynamic therapy to perform endometrial ablation 
as an alternative to hysterectomy in women with uncon- 
trolled benign uterine bleeding. 

There are > 600,000 hysterectomies performed each 
year in the United States.” The main indications are 
leiomyomas and dysfunctional uterine bleeding; such 
abnormal bleeding accounts for 18% to 40% of the 
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hysterectomies.*” * The complications of hysterectomy, 
apart from accompanying physical, social, and psycho- 
logic effects, are 0.1% mortality and up to 30% morbid- 
ity.” In 1981 Goldrath et al.’ introduced Nd:YAG laser 
destruction of the endometrium lining as an alternative 
to hysterectomy. Laser ablation of the endometrium is 
designed to provide treatment for patients who have 
significant menorrhagia. 

Endometrial ablation by laser is performed through a 
hysteroscope by means of a touch technique,’ a non- 
touch technique,” or a combination of the two.” Re- 
cently electrocoagulation of the endometrium has been 
successfully performed with ball-end resectoscope.™ 
Technically it is difficult to reach the entire surface of 
the uterine cavity, and as a result incomplete destruc- 
tion of the endometrium occurs. In addition, there is a 
considerable amount of endometrial fragments, bub- 
bles, and other debris, which interferes with the view. 
Several methods are used to clear the hysteroscopic 
view. The cervix can be dilated beyond the diameter of 
the hysteroscope to allow rapid egress of fluid and 
debris from the cavity. The disadvantage of this method 
is that it requires a large volume of fluid that must be 
infused and then collected and does not allow good 
distention of the uterine cavity. Irrigating hysteroscopes 
or a separate irrigating catheter have been described.” 
Besides the technical difficulties, postoperative compli- 
cations of bleeding, fluid retention, uterine perforation, 
and pulmonary edema from fluid overload have been 
reported.” Overall, hysteroscopic endometrial ablation 
is a technically difficult procedure and has a consider- 
able complication rate. 

In this study we have demonstrated that photofrin II 
is taken up and retained preferentially by the endome- 
trium. The photofrin II concentration was observed to 
be predominantly located in the stromal part of the 
endometrium. Manyak et al.*' have also shown photo- 
frin II fluorescence in the rabbit endometrial cell. Ef- 
fective endometrial photodynamic ablation was 
achieved with a light dose of 100 J/cm? and a drug dose 
of 1 to 2 mg/kg body weight. A photofrin II dose of 
4 mg/kg resulted in more extensive and more reliable 
damage to the myometrium. No endometrial ablation 
was obtained in four cases at a dose of 1 to 2 mg/kg 
body weight. It is possible that the optimum dose to 
achieve endometrial ablation in the rabbit model at a 
radiant exposure of 100 J/cm* is > 2 mg and <4 mg/kg 
body weight. This theory was not examined in this 
study. Notably, no complications were noted in any 
animals. When the uterus was examined at 5 and 10 
days after treatment, there was evidence of complete 
necrosis of the endometrium. Fifty percent of the myo- 
metrium next to the endometrium (circular layer) was 
also damaged. 

Potential advantages of endometrial photodynamic 
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ablation include no need for a hysteroscope at the time 
of laser light irradiation; no need for fluid irrigation 
during the procedure, thereby reducing the complica- 
tions associated with fluid overload; reduced chances of 
perforation; and potentially a reduced chance of incom- 
plete destruction of the endometrium with laser light 
irradiation in a diffuse manner. The thicker myometrial 
wall (approximately 3 cm) of the human uterus would 
be an advantage for photodynamic therapy because it 
would shield other surrounding organs in the pelvis 
and thus prevent any photochemical damage. The 
rabbit is a poor model for extrauterine damage from 
photodynamic therapy because of its thin uterine wall. 
The procedure could be performed in the office with 
the patient under paracervical block, without the need 
for general anesthesia. We conclude that endometrial 
ablation with photodynamic therapy can be success- 
fully performed and may have applications in clinical 
practice. 


We thank W. Farinelli for his expert technical sup- 
port, Kevin Schomacker, PhD, for suggestions and ex- 
pert discussions, M. Goetschkes for her careful work in 
preparing the histologic samples, and Lederle, Pearl 
River, N.Y., for supplying the photofrin. 
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Quantitation of tumor. necrosis factor-a, interleukin-16, 
and interleukin- 6 in the effusions of ovarian 


epithelial neoplasms 


William H. Kutteh, MD, PhD, and Carol C. Kutteh, MD?’ — 


Dallas, Texas 


OBJECTIVE: Our objective was to determine the presence and quantities of multifunctional cytokines in 


cyst and ascites fluids obtained from patients with ovarian cancer. 


STUDY DESIGN: Cyst and ascites fluids obtained from 35 patients with ovarian epithelial neoplasms 
were analyzed for the multifunctional cytokines tumor necrosis factor-a, interleukin-18, and interleukin-6. 
The fluids were classified on the basis of the pathologic eu of the tumor tissue. Data were 


evaluated by analysis of variance. 


RESULTS: The fluids from patients with papillary forms of adenocarcinoma, had high levels of all trree 
cytokines when compared with all other pathologic groups. Interleukin-6 was significantly higher than 
tumor necrosis factor-a or interleukin-- B in fluids from all diagnostic categories (p < 0.01}. Interleukin-6 
levels were significantly higher in fluids from patients with papillary serous cystadenocarcinoma 

(817 + 137 pg/ml) and papillary adenscarcinoma (838 + 171 pg/ml) (p < 0.01). Interleukin-18 was 
significantly elevated {p < 0.01) in neoplastic effusions from papillary serous cystadenocarcinomas 

(53 + 8 pg/ml), mucinous cystadenomas (51 + 12 pg/ml), and endometrioid carcinomas (54 + 18 
pg/ml). Tumor necrosis factor-a was highest in fluids from patients with papillary adenocarcinoma 

(46.2 + 22:8 pg/ml); however, these levels were not significantly different from the mean quantities of 


tumor necrosis factor-a in other fluids. 


CONCLUSIONS: The detection of interleukin-1B and interleukin-6 in neoplastic effusions provides 
possible evidence for a host immune response to ovarian cancer. These multifunctional cytokines have 
been implicated in growth stimulation and cytotoxicity of ovarian tumor cells. (Am J Osster GYNECOL 


1992:167:1864-9.) 


Key words: Ovarian cancer, multifunctional cytokines, immune response, autoimmunity 


Ovarian carcinoma remains the fifth leading cause of 
cancer death in womer: and the leading cause of cancer 
death from gynecologic malignancies. More than 
12,000 women die annually of this type of cancer.’ In 
spite of extensive chemotherapy, radiotherapy, and sur- 
gery, the age-adjusted cancer death rate for cancer of 
the ovary has continued to increase since 1930, with 
a current rate of 10 deaths per 100,000 female popu- 
lation. ' 

It was-originally believed that the survival of neoplas- 
tic cells was dependent on the escape from recognition 
and eventual destruction by the host immune system. It 
is now known that the human female host is able to 
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recognize ovarian tumor cells as foreign and to initiate 
an immune response containing specific antibody mol- 
ecules.” * More recently, these autologous antibodies 
have exhibited cytotoxic potential in vitro against hu- 
man ovarian neoplastic cell lines.* Attention has. been 
focused on the direct and indirect actions of multifunc- 
tional cytokines on human ovarian tumor cells.after the 
report that interleukin-18 (IL-18) and interleukin-6 
(IL-6) were produced bv tumor-associated macro- 
phages from human ovarian carcinoma.” Also attracting 
interest was the finding of tumor necrosis factor-a 
(TNF-a) in the peripheral blood of patients with 
ovarian cancer.” Some investigators have suggested the 
use of multifunctional cytokines alone or in combina- 
tion with current chemotherapeutic protocols for the 
treatment of human ovarian cancer. The culture of 
human ovarian cancer cells with TNF-a alone has re- 
sulted in both tumor cell cytotoxicity” * and tumor cell 
proliferation.” '° In vitro studies have also demon- 
strated both proliferative and antiproliferative effects 
on human ovarian carcinoma cells cultured with TNF-a 
in combination with interferon.” *’ Studies in nude mice 
xenografted with ovarian carcinoma have demonstrated 
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possible synergistic activity of TNF-a in combination 
with interferon in inducing tumor cell death.'*"* With 
the same nude mouse model it has been reported that 
TNF-a promoted the adhesion of tumor cells to the 
peritoneum and the establishment of these cells as 
tumor nodules below the mesothelial surface.”” 

The purpose of the current investigation was to 
determine if the host might respond to ovarian neopla- 
sia with the production of multifunctional cytokines. 
Cyst and ascites fluids were obtained from 35 patients 
with ovarian neoplasms, and the concentrations of 
TNF-a, IL-1B, and IL-6 were determined by sensitive 
immunoassay. The results are presented on the basis of 


-the pathologic diagnoses, and an analysis of the con- 
_ centrations of the multifunctional cytokines in each of 


the diagnostic groups is made. The presence of host- 


produced cytokines is discussed in relation to their 
known biologic functions and their possible roles in the 
immunomodulation of ovarian cancer. 
poe i 

Material and methods 

Sample collection. Ovarian tumor cyst and ascites 


. fluid obtained at laparotomy and benign ovarian cyst 


fluid (follicular fluid), obtained at operation. were imme- 
diately transported to, the laboratory. Grossly bloody 
fluid samples were not used in this study. All fluid 
samples, including those with minor blood contamina- 


` tion, were filtered through gauze and centrifuged at 


L 


. 1800g for 20 minutes to remove cells and other large 


debris. The clarified fluids were lyophilized and stored 
at — 20° C."° Lyophilized samples were reconstituted to 
a concentration of 50 mg of bulk lyophilizate per 


_ milliliter of phosphate-buffered saline solution, pH 7.2, 


a concentration similar to that of the bulk solids in 1 ml 
of, serum (Documenta Geigy, scientific tables). This 


standardization was performed to eliminate the effects . 


of dilution that may have occurred as a result of various 
times and methods of fluid collection. The histopatho- 
logic report of the tumor tissue was used to classify the 
ovarian cyst and ascitic fluids into: six groups: serous 


cystadenocarcinoma, papillary serous cystadenocarci-_ 


: noma, papillary adenocarcinoma, mucinous cystadeno- 


_IL-18. Commercially obtained enzyme-linked immuno- — 


carcinoma, mucinous adenoma, and endometrioid car- 
cinoma. The numbers of samples of each type are 


„detailed in Table I. | 


Assays for TNF-a, IL-1B, and IL-6. Two well-char- 
acterized products of macrophages include TNF-a and 


sorbent assay (ELISA) kits for IL-1 and TNF-a (Re- 


‘search and Diagnostic Systems, Minneapolis) with sen- 


sitivities of 5 pg/ml were used to assay these cytokines in 
all fluid. Intraassay coefficients of variation were as 
follows: TNF-a, <8.0%; IL-1B, <3.0%. Interassay co- 


efficients of variation were as follows: TNF-a, <8.0%; - 


IL-18, <6.0%. Recombinant human sequence TNF-a 
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Table I. Sources of ovarian fluid samples 










Ascites 
(No. of 


samples) 


Cyst 
(No. of 
samples) 










Diagnostic category 





3 3 Serous cystadenocar- +- II-IV 
cinoma 
4 5 Papillary serous cyst- II-IV 
adenocarcinoma 
0 6 Papillary adenocar- I] 
cinoma 
6 0 Mucinous adeno car- I and III 
cinoma 
0 4 Mucinous cystad- = 
enoma 
l 3 Endometrioid car- HI1-IV 
, cinoma i 
10 0 Benign follicular cysts = 


(Research and Diagnostic Systems) was used to stan- 
dardize measurements of TNF-a activity. Commercially 
obtained ELISA kits for IL-6 with a sensitivity of 10 
pg/ml (Amgen Diagnostics, Thousand Oaks, Calif.) 
were used to assay fluid. Recombinant sequence IL-6 
(Amgen Diagnostics) was used to standardize the 
ELISA. Intraassay coefficient of variation was < 5.0%, 
and interassay coefficient of variation was < 3.0%. 
Each assay was tested and found to be specific for the 
measured cytokine. No cross reactivity was detected 
when a 500-fold excess of each of the following sub- 
stances was added to each ELISA: interleukin-2, inter- 


` leukin-3, interleukin-4, interleukin-5, and interferon y. 


The follcwing human recombinant interleukins and 
their stated activities were obtained from Research and 
Diagnostic Systems: interleukin-la (25 x 10° U/mg in 
the lymphocyte-activating factor assay), IL-6 (median 
effective dose of 0.5 to 3.0 ng/ml in the T1165.85.2.1 
incorporation assay), and TNF-a (22 x 10’ U/mg in 
the L929 cytotoxicity assay). Each sample was assayed 
in duplicate, and average values were used to determine 
the mean and SEM for each pathologic group. 

Statistical analysis. Statistical analyses of these data 
were performed by means of analysis of variance with 
Newman-Keuls multiple comparison. The Academic 
Computing Service of The University of Texas South- 
western Medical Center at Dallas was used. 


Results | | 

Quantitation of IL-6. The quantities of IL-6 were 
higher than those of TNF-a or IL-1f in the neoplastic 
effusions from all categories. The fluid obtained from 
patients diagnosed with the papillary forms of adeno- 
carcinoma contained the highest levels of IL-6 (papil- 
lary serous cystadenocarcinoma, 817 + 137, pg/ml; 


= papillary adenocarcinoma, 838 + 171 pg/ml) (Fig. 1). 


Fluid from papillary-type tumors had IL-6 levels that 
were significantly higher than those of all other patho- 
logic types of ovarian fluid (p < 0.01).- All benign 
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Fig. 1. Quantities of IL-6 measured by ELISA in various ovarian fluids. Mean + SEM is shown. 
Papillary serous cystadenocarcinoma (PSCAC) and papillary adenocarcinoma (PAC) were significantly 
different from all other groups (p < 0.01). Benign ovarian follicular fluid (FF) was different from all 
other groups (p < 0.01). SAC, Serous adenocarcinoma; MAC, mucinous adenocarcinoma; MCA, 
mucinous cystadenocarcinoma; EC, endometrioid carcinoma. 


ovarian cyst fluid (follicular fluid) samples had <2 
pg/ml of IL-6. : 

Quantitation of IL-1B. IL-18 was detected in each of 
the 35 ovarian neoplastic effusions. Amounts of IL-1B 
were significantly lower than those of IL-6 in each 
histopathologic group (Fig. 2). The mean quantities of 
IL-1B in papillary serous cystadenocarcinoma (53 + 
8 pg/ml), mucinous cystadenocarcinoma (51 + 12 
pg/ml), and endometrioid carcincma (54 + 18 pg/ml) 
neoplastic. effusions were significantly elevated when 
compared with the mean quantities in the other four 
groups (p < 0.01). All benign ovarian follicular fluid 
samples had <15 pg of IL-1B/ml. 

Quantitation of TNF-a. The -evels of TNF-a de- 
tected in ovarian neoplastic effusicns were < 100 pg/ml 
in all except two fluid samples. Generally, the amounts 
of immunodetectable TNF-a were lower than those of 
either of the other cytokines assayed (Fig. 3). The 
largest quantities of immunodetectable TNF-a were 
found in serous cystadenocarcinoma (22 + 11 pg/ml), 
papillary serous cystadenocarcinoma (32 + 10 pg/ml), 
and papillary adenocarcinoma (46 + 23 pg/ml) fluid; 
however, these levels were not significantly different 
from the levels found in the other groups at p < 0.01. 


All benign ovarian follicular fluid samples had <20 pg 
of TNF-a per milliliter. 


Comment 


Thirty-five different samples of effusions from human 
ovarian epithelial neoplasms were quantitatively ana- 
lyzed for TNF-a, IL-18, and IL-6. The possibility that 
the amounts of the multifunctional cytokines present 
varied with histopathologic type of tumors was investi- 
gated. When compared with IL-18 and TNF-a, IL-6 was 
found in the largest quantities in all fluid samples 
studied. It is possible that these cytokines were pro- 
duced by the immune cells of the host in response to 
the tumor. It has been shown that peritoneal macro- 
phages obtained from women with benign gynecologic 
diseases produce TNF-a and IL-1B in vitro.” ‘* Other 
investigators have recently demonstrated that human 
ovarian carcinoma cells produce TNF-a in vivo’? and 
IL-18 in vitro.?° 

TNF-a, IL-18, and IL-6 are known to be produced by 
monocytes, macrophages, and lymphocytes, as well as 
by cells of other types.” These cytokines display 
growth-stimulatory and growth-inhibitory actions, de- 
pending on various culture conditions, cell types, and 
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Fig. 2. Quantitation of IL-18 measured by ELISA in various ovarian fluids. Mean + SEM is shown. 
Papillary serous cystadenocarcinoma, mucinous cystadenocarcinoma, and endometrioid carcinoma 
were significantly different from all other groups (p < 0.01). Benign ovarian follicular fluid (FF) was 
different from all other groups (p < 0.01). See legend to Fig. 1 for abbreviations. 


cytokine concentrations.” Haskill et al.” demonstrated 
the infiltration of significant numbers of T lymphocytes 
and macrophages into ovarian tumor tissue and ascites 
fluid. Early in vitro tumor-infiltrating lymphocytes iso- 
lated from freshly explanted human ovarian cancer 
produced IL-18 that was associated with autotumor 
cytotoxicity.” However, in earlier studies Welander et 
al.* were able to show a stimulatory effect of xenoge- 
neic macrophages on the growth of human ovarian 
cancer cells.** More recent studies indicate that TNF-a, 
IL-18, and IL-6 stimulate the proliferation of human 
ovarian cancer cells, on the basis of tritiated thymidine 
incorporation.’ Our studies confirm and extend these 
earlier reports by demonstrating detectable levels of all 
three cytokines in fluid from patients with different 
histopathologic types of tumors. Although it is possible 
that the cytokines we detected were produced by the 
tumor cells, it is likely that they were produced by the T 
lymphocytes and macrophages that infiltrate the tu- 
mors and surround the tumors in ascites,” 

TNF-a, IL-18, and IL-6 have been measured in the 
peritoneal fluid of individuals with nonmalignant con- 
ditions."* **?* Goldman et al.” measured the levels of 
IL-6 in peritoneal dialysis fluid of patients and detected 


81 + 42 pg/ml. These levels were significantly lower 
than the levels detected in fluid from patients with 
ovarian cancer (Fig. 1). We detected IL-6 levels in 
papillary serous cystadenocarcinoma and papillary ad- 
enocarcinoma that were tenfold higher than those of 
the peritoneal dialysates. Taketani et al.°° detected 
5 + 2 pg/ml IL-16 in peritoneal fluid from women with 
endometriosis.*° These levels are similar to those we 
detected in benign ovarian cysts (Fig. 2) but less than 
levels measured in papillary serous cystadenocarci- 
noma, mucinous cystadenoma, or endometrioid carci- 
noma fluids (approximately 50 pg/ml). However, Zeni 
et al.” reported 49 + 14 pg/ml IL-1 in the peritoneal 
fluid of patients with spontaneous bacterial peritonitis 
indicating that elevated levels may be secondary results 
of bacterial infection. Mori et al.’* reported that TNF-a 
was detected at levels of 13 to 38 pg/ml in the perito- 
neal fluid of women with benign pelvic conditions such 
as myomas, endometriosis, or ovarian cysts; however, 
peritoneal fluid from patients with alcoholic cirrhosis 
contained 30 pg/ml TNF-a,” and women with active 
pelvic inflammatory disease had 52 pg/ml.’* These 
levels are consistent with those reported in fluids from 
all diagnostic categories investigated in this report. We 
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Fig. 3. Quantitation cf TNF-a measured by ELISA in'various ovarian fluids. Mean + SEM is shown. 


See legend to Fig. 1 for abbreviations. 


were unable to detect significant differences in. the 
levels of TNF-a in any diagnostic groups of ovarian 
cancer fluid when compared with benign cyst fluid 
(Fig. 3). 

The interactions between the immune system and 


tumor cells are complex. Mouse mammary. adenocar- 


cinoma cells produce a 10 to 30 kd factor, prob- 
ably granulocyte-macrophage colony-stimulating factor, 


which is able to inhibit the tumoricidal activity of 


activated macrophages.” Similarly, the tumoricidal ac- 
tion of the macrophage cytokine TNF-a against human 
ovarian cell lines was increased in the presence of the 
protein synthesis inhibitors actinomycin D, cyclohexi- 
mide, emitine,” and diphtheria :oxin.*’ Furthermore, 
the resistance to killing of the SKOV-3 ovarian carci- 
_ noma line in the presence of TNF-a was converted to 
‘sensitivity with the addition of cycloheximide.” These 
effects were independent of differences in the expres- 
sion of the TNF-a-receptors.** It is likely that the 
protein synthesis inhibitors are blocking the production 
of a factor that can neutralize the action of TNF-a. 
Indeed, the serum ultrafiltrate of human cancer con- 
tains a blocking factor that inhibits the cytotoxic activity 
of TNF-o in vitro.” A similar blocking. factor has re- 
cently been isolated from the ascites of patients with 


ovarian cancer.** This 28 kd protein is derived from the 
TNF-a, cell membrane receptor.*® *4 

The presence of a TNF-a-blocking ere in the 
ascites of patients with ovarian cancer may explain the 
relatively lower levels of TNF-a we detected by ELISA, 
in comparison with those of IL-6. It also provides an 
explanation for the escape from host control of ovarian 
tumor. The expression of HER2/Neu oncogenes in 
human ovarian tumor cells was shown to confer a 
proliferative advantage because of the induction’ of 
resistance to several host cytotoxic mechanisms.” This 
tumor resistance to host control was significantly re- 
versed with the addition of protein synthesis inhib- 
itors.”° | 

In summary, we believe that these data, in combina- 
tion with our previous reports,”* indicate that ovarian 
cancer is recognized by the immune system, as evi- 
denced by the -production of specific antibodies and 
perhaps also multifunctional cytokines. The administra- 


` tion or activation of these biologic response modifiers, , 


alone or in combination with other chemotherapeutic — 
modalities, may offer significant advances in the care of 
ovarian. cancer patients. Much more must be learned 
about the local effects of multifunctional cytokines, the 
actions of cells of the immune system, and the route 
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and dosing of cytokines before optimal patient care can 
: be obtained. 


We thank Ms. Rula Sinnokrot for skillful technical 
assistance. 
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Divergent effects of taxol on tumor necrosis 
factor-a—mediated cytolysis of ovarian carcinoma cells 


Sybilann Williams, MD, David G. Mutch, MD, Ling Xu, MD, and John Leslie Collins, PhD 


Si. Louis, Missouri 


OBJECTIVE: Our objective was to study the combined effect of taxol and tumor necrosis factor-a on the 
cytolysis of human ovarian carcinoma cell lines, because taxol has been shown to be active against 
ovarian carcinoma and has also been shown to increase tumor necrosis factor-a release from 


macrophages. — 


STUDY DESIGN: The combined effect of taxol and tumor necrosis factor-a on the cell lines Caov-3, 
SK-OV-3, NIH: OVCAR-3, and A2780, ‘which are sensitive to the cytolytic effect of tumor necrosis factor-a 
in the presence of inhibitors of protein synthesis, was investigated with a 24-hour chromium 51 release 


assay. 


RESULTS: At therapeutic concentraticns taxol caused a significant increase in tumor necrosis 
factor-a—mediated cytolysis of Caov-3 and A2780 (p < 0.05). By contrast, taxol caused a decrease in the 
tumor necrosis factor-a~mediated cytolysis of SK-OV-3 and NIH: OVCAR-3 (p < 0.01). 

CONCLUSION: These results suggest that ovarian carcinomas have a heterogeneous response to the 
chemotherapeutic effect of taxol. (AM. Osstet Gynecol 1992:167:1870-6.) 


Key words: Taxol, tumor necrosis factor-a, cytolysis, ovarian carcinoma 


Ovarian carcinoma is the leading cause of death from 
gynecologic malignancy. Treatment for this disease is 
aimed at decreasing tumor burden, generally through 
surgery followed by chemotherapy. The introduction of 
cisplatin-based chemotherapy in the last decade has 
resulted in an increase in the frequency of response but 
little increase in the overall cure rate.’ Significant prob- 
lems remain with cisplatin-based therapy because of 
continued low survival, dose-limiting toxicities, and de- 
velopment of drug resistance. The need for new and 
more aggressive forms of therapy is clearly demon- 
strated by the fact that the age-adjusted death rate for 
women with ovarian carcinoma has remained constant 
for 35 years.” Recently, taxol, a plant-derived antimi- 
totic agent, has been undergoing intense study as a 
potential new drug in the treatment of epithelial ova- 
rian cancer. 

Taxol is derived fram extracts of the bark of the 
western yew tree (Taxus brevifolia), its complex taxane 
ring structure has so far eluded attempts at complete 
synthesis. Although other antimitotic chemotherapeutic 
agents disrupt microtubules, the unique antimitotic 
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activity of taxol arises from its ability to stabilize micro- 
tubules, preventing their disassembly.’ Phase II clinical 
trials of taxol in patients with drug-refractory epithelial 
ovarian cancer have shown response rates of 30% to 
37%.* * Phase II trials are presently ongoing. 

There are several lines of evidence that suggest that 
tumor necrosis factor-a (TNF-a) may be involved in 
host protective mechanisms, either as a macrophage- 
secreted product capable of mediating cytolysis directly” 
or as a membrane-bound effector molecule associated 
with cytotoxic cells.*’ Additionally, there is evidence 
that patients with ovarian carcinomas (and carcinomas 
of other tissues) have significantly elevated serum levels 
of TNF-a,” ° suggesting that this is a response to these 
cancers. Because taxol has been shown to be capable of 
increasing the release of TNF-a from macrophages, as 
well as decreasing the number of TNF-a receptors on 
some cancer cells, ® we investigated the effect of taxol 
on TNF-a—mediated cytolysis of human ovarian carci- 
noma cells in vitro. 


Material and methods 

Cell lines. The human ovarian carcinoma cells lines 
Caov-3, SK-OV-3, and NIH:OVCAR-3 (OVCAR-3) 
were obtained from American Type Culture Collection 
(ATCC, Rockville, Md.). The A2780 cell line was a kind 
gift of Drs. Alberto Manetta and Dennis Emma, Uni- 
versity of California, Irvine Medical Center, Irvine, Ca- 
lif. L929 (ATCC) is a murine fibroblast cell line known 
to be sensitive to TNF-a in vitro. All cells were main- 
tained as exponential monolayer cultures in 100 mm 
tissue culture dishes (Corning Glass Works, Corning, 


Volume 167 
Number 6 


N.Y.) by passage twice a week. Cells for passage were 
removed with 0.05% trypsin (Gibco, Grand Island, N.Y.) 
in phosphate-buffered saline solution, pH 7.2 contain- 
ing 0.04% ethylenediaminetetraacetate (Sigma Chemi- 


cal Co., St. Louis) and 2 x 10° cells were plated per . 


tissue culture’ dish. L929, Caov-3, and SK-OV-3 were 
grown in Dulbecco’s modified Eagle’s medium (DMEM) 
supplemented with 10% fetal bovine serum (HyClone 
Lab., Logan, Utah) and 30 mg/ml L-glutamine (Sigma). 
Cells were maintained in a humidifed atmosphere of 
90% air and 10% carbon dioxide at 37° C. . 

OVCAR-3 and A2780 cells were grown in RPMI-1640 
medium supplemented with 10% fetal bovine serum, 
30 mg/ml L-glutamine, and 10 pg/ml recombinant hu- 
man insulin (Eli Lilly & Co., Indianapolis). Cells were 
maintained in a humidified atmosphere of 95% air and 
5% carbon dioxide at 37° C. ' : 

TNF-a. Recombinant human TNF-a was obtained 
as a frozen stock solution from Bachem California 
(Torrance, Calif.) at a concentration of 3.2 x 10’ U/mg 
protein. The TNF-a was thawed and diluted in DMEM 
(L929, Caov-3, and SK-OV-3) or RPMI-1640 (OVCAR-3 
and A2780) before its addition to cells. ) 

Taxol. Taxol (National Cancer Institute, Bethesda, 
Md.) was obtained as a stock solution of 6 mg/ml, 
diluted with DMEM to 2 x 107° mol/L, and stored at 
— 70° C. Taxol was thawed and diluted in appropriate 
medium immediately before its addition to cells. 

Protein synthesis inhibitors. Actinomycin D and 
emetine (both from Sigma) was stored at —70° C as 
stock solutions in medium used for routine growth of 
cells and further diluted in appropriate medium imme- 
diately before. addition to cells. 

Assay of cytotoxicity. Cells were plated at a density 
of 2 x 10° cells per 100 mm plate in 10 ml of medium 
and allowed to adhere for 6 to 18 hours at 37° C. The 
medium was removed and replaced with 4 ml of RPMI- 
1640 medium containing 0.3% bovine serum albumin 
(Sigma) and 50 pCi/ml chromium 51 as sodium chro- 
mate (New England Nuclear/DuPont, Boston). Cells 
were labeled for 1 to 2 hours in a humidified atmo- 
sphere of 95% air and 5% carbon dioxide at 37° C, then 
washed with DMEM or RPMI-1640 medium as appro- 
priate. Cells were removed from the plates with 0.04% 
ethylenediaminetetraacetate.in phosphate-buffered sa- 
line solution, pH 7.2, and washed twice with appropri- 
ate medium. The cells were then resuspended, counted, 
and transferred to 96-well microtiter plates in a volume 
of 0.05 ml at a concentration of 2 x 10° cells/ml. 
Experimental wells received an additional 0.05 ml of 
taxol and control wells were given an additional 0.05 ml 
of medium. The plates were incubated for 2 hours at 
37° C before addition of TNF-a and protein synthesis 
inhibitors or medium. 

Release of *'Cr was determined after 24 hours of 
incubation at 37° C in a humidified atmosphere of 
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90% air and 10% carbon dioxide (L929, Caov-3, and 
SK-OV-3) or 95% air and 5% carbon dioxide (A2780 
and OVCAR-3). After incubation the plates were cen- 
trifuged at 200g for 10 minutes. Aliquots of the super- 
natants were taken and counted in a y-counter. Total 
incorporation of °'Cr was determined by counting the 
radioactivity of 10° cells. Three replicate wells were 
assayed for determination of specific lysis. The percent 


_ specific lysis (°’Cr release) was determined by the fol- 


lowing formula: 


Percent cytolysis = 
= 51Cr (experimental)] —. [cpm *'Cr (spontaneous)] 


[cpm °'Cr (total)] — [cpm °’Cr (spontaneous)] 
x 100 


Assay of protein synthesis. Cells were plated at a 
concentration of 3 x 10’ cells per well in 24-well plates 
and allowed to adhere overnight. The cells were then 
exposed to taxol or medium for 2 hours, then to 
emetine and/or TNF-a. After 2 hours, trititum-labeled 
leucine (New England Nuclear/DuPont) was added at a 
concentration of 10 wCi/ml, and the cells were incu- 
bated for an additional 2 hours. The supernatants were 
removed and the reaction was terminated by the addi- 
tion of 0.5 ml of 0.3 mol/L sodium hydroxide. After 
vigorous mixing, 0.15 ml aliquots were removed and 
transferred to filter paper squares (Whatman No. 5, 
Whatman International Ltd., Maidstone, England). Af- 
ter drying, the filters were washed three times in 15% 
trichloroacetic acid (Sigma) to precipitate protein. ‘The 
filters were dried and counted in 5 ml of liquid scintil- 
lation fluid (Scintiverse II, Fisher Scientific, Fairlawn, 
N.J.). All wells were assayed in triplicate. Percent inhi- 
bition of protein synthesis was determined by the fol- 
lowing formula: 


Percent inhibition = 
[1 cpm tritium (experimental) ] 


Statistical analysis. All wells were assayed in tripli- 
cate, and the experiments were repeated in quadrupli- 
cate to ensure reproducibility. The significance of treat- 
ment of cells with varying concentrations of taxol, 
TNF-a, and inhibitors of protein synthesis was deter- 
mined with Student’s ¢ test. A significant difference was 
presumed to exist when p < 0.05. 


= x 100 
cpm tritium (control) 


Results 


We have previously shown that all of the human 
ovarian carcinoma cell lines used in the current study 
express a resistance mechanism that blocks the cytolytic 
effect of TNF-a. Because the resistance mechanism is 
dependent on protein synthesis, these cells are rela- 
tively resistant to cytolysis by ‘TNF-a in the absence of 
protein synthesis inhibitors but relatively sensitive to 
TNF-a—mediated cytolysis in the presence of protein 
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Fig. 1.. Percent cytolysis of Caov-3 cells not pretreated ED) or ae i with 107 5 mol/L taxol 

‘in absence of protein synthesis inhibitors or in presence of protein synthesis inhibitors actinomycin-D 

. (107° mol'L) or emetine (107° mol/L). There was a significant increase in percent TNF-a~mediated 
"cytolysis of cells pretreated with taxol as compared with cells not pretreated with taxol (one’ asterisk, . 


p = 0.05; three asterisks, p = 0. eae 


‘synthesis inhibitors." As shown in Fig. 1, taxol increases ` 
the TNF-a—mediated cytolysis of Caov-3 cells in the. 


absence of protein synthesis inhibitors, as well as in ‘the 


` presence of emetine and toa lesser extent actinomycin 


D. Although taxol did not increase, the TNF- a~medi- . 


ated cytolysis of A2780 cells in the absence of protein. 


‘synthesis inhibitors; it did increase the TNF-o—medi- 


ated cytolysis of these os in the eae of emetine 


(Fig. 2). 


~ The cell lines OVGAR- 3 ajd SK-OV-3 are similar to 
` Caov-3 and A2780 in their tissue of origin (i.e., human ` 


ovarian carcinoma) ard are also similar to Caov-3 and 
A2780 in that they are resistant to TNF-o—mediated 
cytolysis 1 in the absence of protein synthesis inhibitors 


-and sensitive to TNF-o—mediated cytolysis when pro- 


tein synthesis i is inhibited.” Despit these’ similarities, 
taxol did’ not increase TNF-a-mediäted cytolysis of 
OVCAR-3 and SK-OV-3 cells; to the contrary, -taxol 
- caused a significant decrease in TNF-a-mediated cytol- 
~ ysis in the presence of emetine (Figs. 3 and. 4). The 
decrease in TNF-a cytolysis seen in OVCAR-3 and 


SK-OV-3 when taxol was added 2 hours ‘before . the- 


addition of TNF-a could potentially be explained by a 


1 i 
s ‘ 


taxol-induced reduction i in TNF-a receptor number: or: 
function, as previously described.! There was, however; 
no change i in the level of inhibition of TNF-a-mediated 


. cytolysis” when taxol was added 2 hours after the addi- 


tion of TNF-a (data not shown). Because OVCAR-3 and 
SK-OV-3 are insensitive to the cytolytic effect of TNF-a 
in the absence of protein synthesis. inhibitors, it'is ‘not — 


possible to test; the ability of taxol. to` decrease the |. 


cytolytic potential of TNF-a when protein synthesis 
inhibitors are not present.: To determine whether the 
ability of taxol to decrease TNF-a-mediated cytolysis in 


OVCAR- -3 and SK-OV-3 might be dependent ‘on’ the’ 


concomitant ‘inhibition of protein synthesis, we deter- 


‘mined’ the effect of., taxol on the TNF-œa-mediated ~ | 
cytolysis of L929. cells, -This transformed murine fibro- 
blast cell line is sensitive to the cytolytic effect of TNF-a. ` 


in the absence (as well.as in the presence) of protein 
synthesis inhibitors. As.shown in Fig. 5, taxol caused a 
decrease i in TNF-a-—mediated cytolysis i in L929 irrespec- 
tive of the absenice, or presence of inhibitors of. prore 


f synthesis. `. 


Because the. level. of TNF-omediated gio is 


é “proportional t to: ne level of inhibition of. protein, yo i 
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Fig. 2. Percent cytolysis of A2780 cells not pretreated (Ø) or pretreated (W) with 107° mol/L taxol 
in absence of protein synthesis inhibitors or in presence of protein synthesis inhibitor actinomycin D 
(107° mol/L) or emetine (107° mol/L). There was a significant increase in percent TNF-a—mediated 
cytolysis of cells pretreated with taxol as compared with cells not pretreated with taxol, in presence 
of inhibitors of protein synthesis (one asterisk, p < 0.05; two asterisks, p = 0.91). 


thesis," 


it was possible that the increase of TNF-a— 
mediated cytolysis that results from the exposure of 
cells to taxol was related to the ability of taxol to inhibit 
protein synthesis. To test this hypothesis, protein syn- 
thesis was measured in Caov-3 and A2780 by the 
incorporation of trittum-labeled leucine in the presence 
of taxol, emetine, and TNF-a, either as single agents or 
in combination. As shown in Table I, taxol does inhibit 
protein synthesis in all the cell lines tested. Although 
the. combination of taxol and TNF-a caused a signifi- 
cant increase in TNF-a—mediated cytolysis in Caov-3 
cells when compared with cytolysis mediated by either 
TNF-a alone or taxol alone, this combination does not 
cause a significant increase in the inhibition of protein 
synthesis. Furthermore, although TNF-a—mediated cy- 
tolysis is increased in the presence of emetine, the 
additional increase in cytolysis that occurs in Caoy-3 
cells exposed to taxol, emetine, and TNF-a is not 
accompanied by an increase in the level of protein 
synthesis inhibition above that seen with emetine alone. 
An analogous situation exists for A2780 cells, in that the 
combination of taxol, emetine, and TNF-a increases 
_cytolysis but not the level of protein synthesis inhibition, 


when compared with emetine and TNF-a. These results 
indicate that the ability of taxol to increase the 
TNF-a-mediated cytolysis of Caov-3 or A2780 cells is 
not related to its ability to inhibit protein synthesis. 

The ability of taxol to inhibit protein synthesis also 
does not appear to be involved in its ability to inhibit 
TNF-a—mediated cytolysis in OVCAR-3, SK-OV-3, or 
L929 cells. As shown in Table I, taxol causes a signifi- 
cant decrease in the TNF-a—mediated cytolysis of 
OVCAR-3, SK-OV-3, and L929 cells in the presence of 
emetine without significantly altering the level of pro- 
tein synthesis inhibition. 


Comment 


Taxol increased the TNF-a—mediated cytolysis of 
Caov-3 and A2780 while decreasing the TINF-a—medi- 
ated cytolysis of OVCAR-3, SK-OV-3, and L929. There 
are several possible explanations for these results. The 
fact that taxol diminished TNF-a cytolysis in L929, 
OVCAR-3, and SK-OV-3 could potentially be explained 
by a mechanism whereby taxol decreased the number of 
TNF-a receptors on the cell surface, as has previously 
been described.'® This would result in decreased inter- 


1874 Williams et al. ` we : . 8 . December 1992 


Am J Obstet Gynecal 
NO PROTEIN SYNTHESIS INHIBITOR : B ACTINOMYCIN-D EMETINE 
80 80 80 
60 60 80 


kadad 


40 






PERCENT CYTOLYSIS 
è 


8 


20 





SS SSS SSR SO OO OCS SS 959g oJ 





n TF 


o RSS BQ go 
an SS QQ gggQq3u 


(=) 
ol 
~ 
am 
= 
N 
in 
anr 
-h 
N 
gi 


0 5 25 125 


- CONCENTRATION OF TNF (UNITS/mL) | CONCENTRATION OF TNE (UNITS/mL) CONCENTRATION OF TNF (UNITS/mL) 


Fig. 3, - Percent cytolysis of OVCAR-3 cells not pretreated (A) or pretreated (W) with 107° mol/L taxol 
in apeence of protein gaes inhibitors or in presence of protein synthesis inhibitor actinomycin D 
(107° mol/L) or emetine (1074 mol/L). There was a significant decrease in percent TNF-o—mediated 
cytolysis cf cells pretreated with taxol as compared with cells not pretreated with taxol, in presence 
of inhibitors of protein synthesis (one asterisk, p = 0.05; two asterisks, p < 0.01). 


Table I. Effect of TNF-a, emetine, and taxol, as single agents or in combination, on protein synthesis in 
human ovarian carcinoma cells 


Cell line 





Protein Protein Protein 

synthesis synthesis synthesis 

Cytolysts | inhibition | Cytolysis | inhibition | Cytolysts inhibition 
Treatment (%) (%) (%) |> (%) (%) (%) 
TNF-a* =] —12 3 
Emetinet : 33 73 16 93 86 93 
Taxolt ' 0 25 0 . 36 « 0 36 
Emetine plus TNF-a 82 72 43 95 74 93 
Taxol plus TNF-a 50 9 3 33 4 29 
Taxol plus emetine 59 83 — 29 92 38 81 
Taxol plus TNF-a 102 78 58 ` ' 96 50 83 


plus. emetine 


*Concentration of TNF-a was 125 U/ml. 

+Concentration of emetine was 107° mol/L for Caov-3 and A2780, 10-° mol/L for L929, and 1074 mol/L for OVCAR- ‘3 and 
SK-OV-3. 

{Concentration of taxol was 107° mol/L. 


nalization of TNF-a and thereby diminished activation ysis, then exposing these cells to TNF-a before their . 


of the cytolytic mechanism. If taxol decreased TNF-a exposure to taxol should at least reduce the level of 
‘receptors in these cell lines and if the decrease was inhibition of TNF-o—mediated cytolysis by taxol. The 


responsible for the decrease in TNF-a—mediated cytol- fact that taxol was equally Aton whether it was 
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Fig. 4. Percent cytolysis of SK-OV-3 cells not pretreated (A) or pretreated (W) with 107° mol/L taxol 
in absence of protein synthesis inhibitors or in presence of protein synthesis inhibitors actinomycin D 
(10~° mol/L) or emetine (1074 mol/L). There was a significant decrease in percent TNF-a—mediated 
cytolysis of cells pretreated with taxol as compared with cells not pretreated with taxol, in presence 
of emetine (three asterisks, p = 0.005; four asterisks, p = 0.001). 


added 2 hours before or 2 hours after TNF-a suggests 
that taxol does not decrease the TN¥F-a—mediated cy- 
tolysis of these cells by decreasing TNF-a receptors. 

Taxol caused an increase in TNF-a—mediated cytol- 
ysis in Caov-3 and A2780. The results seen in these cell 
lines cannot be due to a decline in either the number or 
the function of TNF-a receptors. Because TNF-a—me- 
diated cytolysis in Caov-3 is increased by taxol in the 
absence of protein synthesis inhibitors, the possibility 
exists that taxol might be acting as a protein synthesis 
inhibitor. When protein synthesis was measured, it was 
demonstrated that at equivalent levels of TNF-a—medi- 
ated cytolysis in the presence of taxol or emetine, the 
levels of protein synthesis inhibition differed markedly 
(i.e. ‘It was necessary to inhibit protein synthesis to a 
greater extent with emetine than with taxol to achieve 
similar levels of TINF-o—mediated cytolysis. 

Several studies* * © have demonstrated increased 
circulating levels of TNF-a in the sera of patients with 
epithelial ovarian cancer. In addition, TNF-a messen- 
ger ribonucleic acid has been detected in situ in ovarian 
cancer.’*"* If TNF-a is involved in the surveillance of 
ovarian cancer, treatment with taxol could cause an 
alteration in the host response by acting synergistically 
or antagonistically with TNF-a, resulting in divergent 
effects on TINF-a—mediated cytolysis. In those patients 


responsive to the combined effects treatment strategy 
may include administration of both taxol and TNF-a. 

It may prove to be of value to test the efficacy of taxol 
in combination with TNF-a on cultured tumor cells 
from patients before instituting chemotherapy and to 
consider alternative therapy in those patients in whom 
diminished cytolysis is noted. 
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F ig. 5. Percent cytolysis of L929 cells not pretreated (A) or pretreated (MI) with 107° mol/L taxol in 
absence of protein synthesis inhibitors or in presence of protein synthesis inhibitors actinomycin D 
(107° mol/L) or emetine (107° mol/L). There was a significant decrease in percent TNF-a—mediated 
cytolysis of cells pretreated with taxol as compared with cells not pretreated with taxol (one asterisk, 
p < 0.05; three asterisks, p < 0.005; four asterisks, p < 0.001). 
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The effect of interferon gamma on epidermal growth 
factor receptor expression in normal and malignant 


ovarian epithelial cells 
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MD* ° 


OBJECTIVE: We examined the effect of interferon gamma on proliferation arid epidermal growth factor _ 
receptor expression in ovarian cancer cell lines and normal ovarian epithelial celis. 
STUDY DESIGN: The tritiated thymidine incorporation assay was used to assess the effect of interferon ` 
gamma on-proliferation. Scatchard analysis of anti-epidermal growth factor receptor antibody binding, - 
and Western blotting of immunoprecipitates was used to assess the effect of interferon gamma on 


epidermal growth factor receptor expression. 


RESULTS: Although interferon gamma elicited 30% to 40% decreases in proliferation, adana growth 
factor receptor expression was Strikingly increased in all four ovarian cancer cell lines. Scatchard analysis 
indicated that this increase occurred primarily at the cell surface, but total cellular receptor levels also 
were increased. In contrast, interferon gamma treatment of normal ovarian Sees cells affected neither 


proliferation nor epidermal growth factor receptor levels. 


CONCLUSION: Because the up-regulation of epidermal growth factor receptors by interferon gamma 
appears to be confined to malignant cells, interferon gamma may facilitate immunotherapy and imaging of - 
ovarian cancers by means of immunoconjugates directed against the epidermal growth factor receptor. 


(Am J Oester GynecoL 1992;167:1877-82.) 


Key words: Epidermal growth factor receptor, ovarian cancer, interferon 


The epidermal growth factor (EGF) receptor is a 170 
kd membrane-spanning glycoprotein that includes an 
extracellular ligand binding domain, a hydrophobic 
membrane-spanning region, and an intracellular ty- 
rosine kinase domain.’ Binding of EGF or transforming 
growth factor-a to the extracellular domain results in 
activation of the tyrosine kinase, which is involved in 
transmitting the mitogenic signal to the nucleus. In 
addition, the receptor-ligand complex subsequently is 
internalized, which results in down-regulation of cell 
surface EGF receptor levels. Because the EGF receptor 
and its ligands are thought to stimulate proliferation of 
many cells, we have investigated their role in growth 
regulation and transformation of human ovarian epi- 
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thelial cells. First, it has been shown that normal ovar- . 
ian epithelial cells express EGF receptors (10* to 10° 
receptors per cell) and that EGF acts to stimulate 
proliferation of these cells (twofold to fivéfold).? In 
addition, ovarian cancer cell lines were found to express 
similar numbers of high-affinity EGF receptors, but 
most of these cells lines were relatively resistant to the 
growth-stimulatory effect of EGF.* ° Finally, expression 
of EGF. receptor and overexpression of HER-2/neu, a 
closely related receptor-tyrosine kinase, are thought to 
be BC ated with poor survival in breast and ovarian 
cancer." , 

Like EGF, the interferons aifect growth of a wide 
range of cell types.” * In general, proliferation of cancer 
cell lines is inhibited by interferons, but in some cases 


' interferons can stimulate proliferation. Although the’ 


mechanisms of action remain largely unknown, it has 
been shown that interferons can modulate expression 
of cell surface molecules. In vitro and in vivo. studies 
have shown that interferon gamma (IFN-y) can increase 
expression of both major., histocompatibility com- 
plex antigens and tumor-associated antigens such as 
carcinoembryonic antigen and tumor-associated gly- 
coprotein-72.°"' In addition, IFN-y -down-regulates 
HER-2/neu levels in cells that overexpress this recep- 
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tor.'* IFN-y also has been reported to either increase or 
decrease EGF receptor expression, depending on the 
cell line studied.'*'’ However, the effect of interferon 
on EGF receptor expression in ovarian cancer cell lines 
has not previously been examined. To further increase 
our understanding of growth regulation of normal and 
malignant ovarian epithelium, we have examined the 
effect of IFN-y on proliferation and EGF receptor 
expression in these cells, 


Material and methods 

Cell culture. The OVCA 429, OVCA 432, and OVCA 
443 ovarian cancer cell lines, which previously were 
established in collaboration with Herbert Lazarus, were 
maintained in monolayer culture in minimal essential 
medium (Hazelton Research Products, Lenexa, Kan.) 
supplemented with 15% heat-iractivated fetal bovine 
serum (Gibco, Grand Island, N.Y.), sodium pyruvate, 
nonessential amino acids, L-glutamine, penicillin, and 
streptomycin, as described previously.° All three of 
these ovarian cancer cell lines are known to express 
EGF receptor and HER-2/neu at levels similar to those 
of normal cells.* °° The SKOv3 ovarian cancer cell line 
(American Type Culture Collection, Rockville, Md.) was 
grown in McCoy’s medium sudplemented with 15% 
fetal bovine serum, L-glutamine, penicillin, and strepto- 
mycin. SKOv3 cells have normal levels of EGF receptor, 
but HER-2/neu expression is increased because of gene 
amplification.’ 

Normal human ovaries were obtained from three 
patients at surgical removal for benign gynecologic 
diseases. Ovaries were transferred aseptically to the 
laboratory, where surface epithelium was obtained for 
culture by gently scraping the ovarian surface, as pre- 
viously described.® *° Monolayer cultures of ovarian 
surface epithelial cells (OSE 35, OSE 38, and OSE 39) 
were maintained in MCDB 105 and M199 medium 
supplemented with 15% heat-mactivated fetal bovine 
serum, L-glutamine, penicillin, and amphotericin B. 
The epithelial nature of these cells was confirmed by 
immunohistochemical staining with anticytokeratin an- 
tibodies and by electron microscopy, as described pre- 
viously.® *° 

Monoclonal antibodies. Purified murine monoclonal 
antibody 225, which is specifically reactive with the 
extracellular domain of the EGF receptor,”! 
vided by Dr. John Mendelsohn (Memorial Sloan-Ket- 
tering Cancer Cenier). Purified murine monoclonal 
antibody TA-1, which is specifically reactive with the 
extracellular domain of HER-2/neu,” was provided by 
Sara McKenzie (Applied Bio-echnology, Cambridge, 
Mass.). 

Thymidine incorporation assay. The ovarian cancer 
cell lines and normal ovarian epithelial cells were 
seeded in 96-well microtiter plates (2.5 x 10* cells per 
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well) in their usual culture medium (in the absence of 
serum) with recombinant IFN-y (10, 100, 1000 U/ml). 
After 18 hours, 1 pCi of tritiated thymidine (6.7 
Ci/mmol, New England Nuclear, Wilmington, Del.) was 
added to each of six replicate wells. Six hours later, the 
culture medium was removed and the monolayers were 
washed with phosphate-buffered saline solution. The 
cells were harvested by adding 60 ul of 2N sodium 
hydroxide to each well. Each well was then individually 
swabbed, and cell-associated radioactivity was deter- 
mined by scintillation counting. 

Scatchard analysis. Ovarian cancer cells and normal 
ovarian epithelial cell (5 x 10* cells per well) were 
grown in 48-well plates to approximately 70% conflu- 
ence in their respective culture medium supplemented 
with 15% fetal bovine serum. The serum-containing 
medium was then removed, and the cells were washed 
with phosphate-buffered saline solution. Serum-free 
medium that either contained or lacked recombinant 
IFN-y (Biogen, Cambridge, Mass.) (1000 .m/ml) was 
added. Seventy-two hours later the culture medium 
was removed and iodine 125~antibody 225 (0.01 to 
5 pg/ml) (specific activity 165 mCi/mg) was added in 
0.1% sodium azide and 10% fetal bovine serum. The 
assay was performed at 72 hours because of prior 
reports that have demonstrated maximal up-regulation 
of other cell surface molecules at this time. Cells were 
then incubated for 1 hour at 37° C, washed four times 
with phosphate-buffered saline solution, and harvested; 
cell-associated radioactivity was measured with a 
‘y-counter. Nonspecific binding was determined by mea- 
suring radioactivity in wells that contained media but 
not cells. ‘The number of cells per well was determined 
by trypsinization of representative wells and by count- 
ing cells with a hemocytcmeter. 

Radioimmunoprecipitation and gel electrophore- 
sis. IFN-y—treated and control cells of both the cancer 
cell lines and the ovarian surface epithelial monolayers 
were grown as described. After 72 hours control and 
IFN-y—treated cells were labeled with 50 uCi/ml stron- 
tium 35 translabel (Amersham) for 2 hours in cysteine- 
and methionine-free medium with dialyzed fetal calf 
serum and .-glutamine. After incubation the monolay- 
ers were washed with phosphate-buffered saline solu- 
tion, harvested by scraping, and pelleted by centrifuga- 
tion at 2000 revolutions/min for 10 minutes. Cell pellets 
were then treated with lysis buffer (50 mmol/L Tris, 
5 mmol/L ethylenediaminetetraacetic acid, 150 mmol/L 
sodium chloride, 0.5% NP 40, 1 mmol/L phenylmeth- 
ylsulfonyl fluoride) and sonicated for 10 seconds. The 
supernatants were collected after centrifugation at 
100,000g and then preabsorbed with protein A- 
sepharose CL-4B (Pharmacia) for 1 hour at 4° C. After 
recentrifugation the supernatants were collected, and 
radioactivity was quantitated in a ‘y-counter after 
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Fig. 1. Effect of IFN-y (1000 um/ml) on proliferation of normal ovarian epithelial cells and 


ovarian cancer cell lines. `’ 


trichloroacetic acid precipitation of proteins. Immu- 
noprecipitation of the EGF receptor and HER-2/neu 
proteins was performed with 5 x 10° counts/min of 
each sample. Lysates were incubated with 10 ug of 
monoclonal antibody, 995 or TA-1, or 1 pl of serum 
at 4° C for 1 hour, and the immune complexes were 
then bound with protein A-sepharose CL-4B for 2 
hours at 4° C. Immune complexes were washed three 
times with the lysis buffer. All samples were denatured 
by boiling for 5 minutes in an equal volume of sodium 
dodecyl sulfate loading buffer (100 mmol/L Tris, pH 
6.8, 4% sodium dodecyl sulfate, 0.2% bromophenol 
blue, 20% glycerol, 50 mmol/L B-mercaptoethanol) and 
electrophoresed on a 10% sodium dodecyl sulfate— 
polyacrylamide gel. After electrophoresis of the samples 
the gel was dried, and autoradiography was performed. 
The band intensities were quantitated by using laser 
densitometry. 

Statistics. Scatchard analyses of EGF receptor—bind- 
ing data were calculated with the MacPherson EBDA 
software package. The Student ¢ test was used to eval- 
uate the differences between the means in the thymi- 
dine incorporation assay. 


Results 


Previously it has been shown that proliferation of 
SKOv3 cells is inhibited by IFN~y.”* The effect of IFN-y 
on proliferation of the ovarian cancer cell lines estab- 
lished in our laboratory and of normal ovarian epithe- 
lial cells is shown in Fig. 1. Significant inhibition of 
tritiated thymidine incorporation was seen in OVCA 
429, OVCA 432, and OVCA 433 cells after incubation 
for 24 hours in serum-free medium with JFN-y (10, 
100, 1000 U/ml). Representative data are shown in Fig. 
1. By 72 hours IFN-y had no net effect on tritiated 
thymidine incorporation (data not shown). Previously 
we had found that EGF stimulates modest increases in 


proliferation of OVCA 429 and OVCA 433 cells but net 
in OVCA 432 cells.° In the current study IFN-y did not 
affect EGF-stimulated increases in proliferation (data 
not shown). ‘Treatment of normal ovarian epithelial 
cells from two patients with IFN-y did not affect triti- 
ated thymidine incorporation (Fig. 1) nor did it atten- 
uate the growth-stimulatory effect of EGF (data not 
shown). 

Treatment of SKOv3 cells with IFN-y decreased 
HER-2/neu expression as shown in previous studies.’ 
Laser densitometry of the HER-2/neu control band was 
0.756 compared with 0.29 in IFN-y-treated cells (data 
not shown). This confirmed that the preparation of 
IFN-y that we were using was active. The effect of IFN-y 
on cellular levels of EGF receptor in the ovarian cancer 
cell lines and normal ovarian epithelial monolayers is 
demonstrated in Fig. 2 and Table I. In contrast to its 
effect of HER-2/neu, IFN-y increased expression of the 
170 kd EGF receptor in SKOv3 cells. Band densities of 
EGF receptor radioimmunoprecipitates for the IFN-y— 
treated cells were 400% more intense than those seen in 
SKOv3 cells that were not treated with interferon. In 
the three ovarian cancer cell lines that did not overex- 
press HER-2/neu, IFN-y treatment also increased levels 
of 170 kd EGF receptor protein. The band densities 
were 130% to 290% higher in the interferon-treated cell 
lines when compared with controls. In contrast to re- 
sults with ovarian cancer cells, IFN-y treatment had no 
consistent effect on EGF receptor levels in normal 
ovarian epithelial cells from three patients. 

Scatchard analysis of binding of radiolabeled anti- 
EGF receptor antibody 225 was performed to deter- 
mine whether IFN-y modulates cell surface EGF recep- 
tor expression. The effect of IFN-y on the number of 
cell surface EGF receptor-binding sites per cell and 
EGF receptor affinity in normal and malignant ovarian 
epithelial cells is shown in Table H. Treatment of all of 
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Fig. 2. Effect of IFN-y on 170 kd EGF receptor expression in ovarian cancer cell lines and 
normal ovarian epithelial cells C, Control; J, IFN-y-—treated cells. 


Table I. Effect of IFN-y on EGF receptor 
expression in ovarian cancer cel lines 
_ and normal ovarian epithelial cells 











179 kd EGF receptor 
band density (AU/mm) 


a 


Ovarian cancer cell lines 





0.100 0.425 


SKOv3 

OVCA 432 — 0.081 0.235 
OVCA 429 0.277 0.561 
OVCA 433 0.328 0.447 

Normal ovarian epithelial cells 

OSE 35 0.117 0.160 
OSE 38 a 0.330 0.180 
OSE 39 i 0.020 0.022 


AU/mm, Absorbance units per millimeter. 


the ovarian cancer cell lines with IFN-y for 72 hours 
resulted in-increased cell surface EGF receptor expres- 
sion, In contrast, IFN-y.treatment had no consistent 
effect on EGF receptor levels ir: normal ovarian epithe- 
lial cells. Representative Scatchard plots-are shown in 
Fig. 3, a O A ¢ . 


Comment 

The interferons are a hetercgeneous family of mole- 
cules that were first discovered because of their ability 
to induce cellilar resistance to viral infection.” * Subse- 
quently, however, it: has been shown. that interferons 
also influence. cellular ‘proliferation and differentiation 
and have immunomodulatory properties. The inter- 
feron o/B superfamily encompasses a large group of 
structurally related genes, whereas IFN-y i$ encoded by 
a single gene on chromosome 12 that is structurally 
unrelated to memters of the «B family. IFN-y is a 143 
amino acid molecule, that when fully glycosylated has a 
molecular weight of 25 kd. In humans activated T 
lymphocytes. are the predominant cellular source of 
IFN-y, and this lymphokine is thought to play a role in 
the immune response to viruses and other antigenic 
stimuli. 


Table II. Effect of IFN-y on EGF receptor 
number and affinity in ovarian cancer 

cell lines and normal ovarian 
epithelial cells 















EGF 
receptors 
(No./cell) 


Affinity 
dissociation 
constant (mol) 






Cells 





SKOv3 control 6.74 x 10°" 8.10 x 103 
SKOv3 IFN 7.56 x 1971! 4.28 x 10° 
OVCA 432 control 3.41 x 107?! 4.86 x 101 
OVCA 432 IFN . 1.60 x 10°" 9.93 x 105 
OVCA 429 control 2.45 x 197'° 7.14 x 10% 
OVCA 429 IFN 2.26 x 107'° 4.70 x 10° 
OVCA 433 control 1.31 x 107! 9.34 x 10% 
OVCA 433 IFN 1.64 x 197'° 1.91 x 108 
OSE No. 35 control 5.52 x 107" 6.68 x 104 
OSE No. 35 IEN 3.42 x 107" 1.72 x 10% 
OSE No. 38 control Li4 x107” 8.50 x 10t 
OSE No. 38 IFN 5.49 x 107! 7.68 x 10% 
OSE No. 39 control 3.89 x 107” 3.48 x 10! 

3.29 x 10? 


OSE No. 39 IFN 221 x 10°" 


In addition to immune functions, interferons act to 
decrease proliferation of a wide range of cells in culture, 
but in some cells modest growth stimulation has been 
observed.” ® In this regard, studies by Marth et al.”* and 
Mutch et al.” demonstrated that IFN-y inhibited pro- 
liferation of six of eigh: ovarian cancer cell lines, in- 
cluding SKOv3. IFN-~y also has antitumor activity 
agdinst human ovarian cancer xenografts in nude 
mice.” In addition, interferons have been shown to 
have modest arititumor activity in clinical trials when 
they were used both a:one and in combination with 
conventional cytotoxic chemotherapy to treat ovarian 
cancer,**** Although the mechanisms of interferon ac- 
tion are not well understood, it has been shown that 
interferons alter expression of receptor tyrosine kinases 
(EGF receptor, HER-2/neu),’*"'’ which are thought to be 
important in transmitting growth-regulatory signals. In 
reviewing this literature, however, there is not a consis- 
tent relationship between the effect of interferons on 
proliferation and receptor expression. On the one 
hand, it has been shown that IFN-a decreases EGF 
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receptor synthesis in renal carcinomas that are growth 
inhibited by IFN-a, whereas there is no effect on recep- 
tor levels.in renal cancers that are unresponsive to 
IFN-a.'* On the other hand, it has been shown that 
IFN-a up-regulates EGF receptor levels in two squa- 
mous carcinoma cell lines (A431, KB) that also are 
growth inhibited by interferons.'° In addition, interfer- 
ons down-regulate HER-2/neu expression in breast and 
ovarian cancer cell lines that overexpress this putative 
growth factor receptor.” 

Similar to the prior studies in which IFN-y had been 
shown to decrease proliferation of several ovarian can- 
cer cell lines, we found that IFN-y inhibited prolifera- 
tion of three ovarian cancer cell lines established in our 
laboratory (OVCA 429, OVCA 432, OVCA 433). In all 
three of our cell lines and in SKOv3 cells, however, 
IFN-y treatment increased EGF receptor expression. 
The most striking evidence of receptor up-regulation 
was seen at the cell surface; however, total cellular EGF 
receptor content also was increased by 1.4- to 4.2-fold. 
In contrast, IFN-y treatment of normal ovarian epithe- 
lial cells had no effect on EGF receptor expression. 

There are many potential mechanisms that could 
contribute to increased EGF receptor expression in 
ovarian cancer cell lines after IFN-y, treatment. First, it 
is possible that there could be increased production of 
EGF receptor because of higher rates of transcription 
or translation of the EGF receptor gene or messenger 
ribonucleic acid, respectively. In this regard, increases 
in EGF receptor synthesis have been observed in other 
types of cells in which interferons up-regulate EGF 
receptor expression.’ In addition, it appears that a 
greater portion of total cellular EGF receptor protein is 
present on the cell surface after interferon treatment. 
Newly synthesized EGF receptor normally is inserted 
into the cell membrane. When a ligand (EGF, trans- 
forming growth factor-a, monoclonal antibody) binds 
to the EGF receptor, the receptor-ligand complex js 
internalized into the cytoplasm by clatherin-coated pits. 
Receptor may then be recycled back into the cell mem- 
brane or alternatively routed to lysosomes for degrada- 
tion.’ Thus up-regulation of cell surface EGF receptor 
levels by interferon may be caused by increased recy- 
‘cling and decreased degradation of receptor and by 
increased production. If it unknown, however, whether 
interferon-induced up-regulation of EGF receptor lev- 
els has an impact on cellular growth regulation or is an 
unrelated phenomenon. 

Because the EGF receptor is overexpressed in some 
squamous cancers, often because of gene amplification, 
this cell surface molecule might be an effective target 
for immunotherapy and imaging with monoclonal an- 
tibodies conjugated to cytotoxins or radioisotopes. 
Growth factor receptors are particularly appealing tar- 
gets for immunotoxins, because internalization of the 
receptor-immunoconjugate complex facilitates delivery 
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Fig. 3. Scatchard analysis of EGF receptor in ovarian cancer 
cell line and normal ovarian epithelial cells. A, Normal ovarian 
epithelial cells; B, OVCA 432 ovarian cancer cells. A, Control, . 
n, IFN-y. l 


of the toxin to the interior of the cell. In this regard, it 
has been shown that anti-EGF receptor-ricin A-chain 
immunoconjugates are able to inhibit in vitro and in 
vivo growth of epidermoid cancer cell lines that express 
high EGF receptor levels.*” °° In addition, it has been 
shown that these immunotoxins can be administered to 
mice at doses that kill cancer cells, in spite of the 
presence of lower levels of EGF receptors on normal 
cells.” In addition, anti-EGF receptor immunoconju- 
gates have been used successfully to image tumors 
in vivo.”? 

Although overexpression of EGF receptor is not ob- 
served in ovarian cancers, most of these cancers express 
detectable levels of EGF receptor.” In addition, inter- 
feron treatment represents a potential method of in- 
creasing EGF receptor levels in ovarian cancer cells. 
This is particularly appealing in view of our finding that 
up-regulation occurs preferentially in cancer cells rela- 
tive to normal cells.. 

Finally, regulation of growth factor receptors has the 
potential to affect proliferation of ovarian cancer cells. 


Although it has been assumed that this is because of the. _ 


direct antiproliferative effect of interferons, regulation 
of growth factor receptors, either up or down, could 
lead to interference with autocrine or paracrine growth 


1882 Boente et al. 


regulatory pathways involving EGF or other factors. 
Although IFN-y did not attenuate the effect of EGF on 
proliferation of the ovarian cancer cell lines that we 
examined, further studies are needed to increase our 
understanding of the effect of interferons on peptide 
growth factor~mediated proliferation of normal and 
malignant ovarian epithelial cells. 
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Telomere reduction in endometrial adenocarcinoma 


Julie K. Smith, PhD,” ° and George Yeh, BA’ 
Philadelphia, Pennsylvania 


OBJECTIVE: Some of the genomic instability that is observed in solid tumors may be due to the loss of 
telomeric sequences. These experiments were designed to compare the number of telomeric repeat 
sequences in endometrial adenocarcinoma with that found in adjacent normal tissue. 

STUDY DESIGN: Deoxyribonucleic acid was extracted from normal and malignant uterine tissue of 11 
patients undergoing hysterectomy for treatment of endometrial adenocarcinoma and also from five 
endometrial carcinoma cell lines. The relative number of telomeric repeat sequences in each sample was 
measured by hybridization of these deoxyribonucleic acids to a probe specific for the human telomeric 
repeat. Hybridization signals were quantified by autoradiography and a B-particle detection system. 
RESULTS: A reduction of telomeric repeat sequences in tumor versus normal tissue was found in 10 of 
11 cases. Telomere reduction was also seen in endometrial carcinoma cell lines. 

CONCLUSIONS: Telomere reduction is a genetic characteristic of many endometrial tumors. Telomere 
reduction may contribute to the genesis and progression of endometrial carcinoma, or it may be a 
secondary effect of the tumorigenesis process. (Am J Osster Gynecot. 1992;167:1883-7.) 


Key words: Telomeres, telomere transferase, endometrial adenocarcinoma, genomic 


instability, cancer genetics 


Endometrial adenocarcinoma, a malignant prolifera- 
tion of the glandular epithelial lining of the uterus, is 
the most common gynecologic cancer in the United 
States. Each year it affects an estimated 33,000 women 
and causes an estimated 5500 deaths.’ In spite of its 
prevalence, little is known about the cellular events that 
contribute to malignant transformation in endometrial 
adenocarcinoma. A generally accepted model for the 
genesis of solid tumors is that they arise as a result of 
the stepwise accumulation of several genetic alterations. 
The alterations include mutations to oncogenes and 
tumor suppressor genes, and these mutations can cause 
the deregulation of the pathways that normally control 
. growth and differentiation. Several laboratories, includ- 
ing our own, are looking at the roles that individual 
genetic lesions play in the development of endometrial 
cancer. A complementary approach is to study the 
causes of genomic instability in tumor cells. Endome- 
trial carcinoma, like other solid tumors, is characterized 
by a variety of cytogenetic alterations.” * Because telo- 
mere reduction has been proposed as one mechanism 
of genomic instability, we decided to determine whether 
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this phenomenon was a characteristic of endometrial 
adenocarcinoma. 

Telomeres are the long arrays of tandemly repeated 
G-rich deoxyribonucleic acid (DNA) sequences that 
make up the structural and functional ends of eukary- 
otic chromosomes.” * An essential function of telomeres 
is to solve the so-called “end-replication problem.”° 
Cellular DNA polymerases require a ribonucleic acid 
primer on which to initiate DNA synthesis; these ribo- 
nucleic acid primers are subsequently removed. This 
results in the loss of sequences from 5’-end of each 
DNA strand with each round of replication. Such losses 
would be devastating to the cell if they were not par- 
tially compensated for by the telomerase system. ‘The 
enzyme telomere transferase (telomerase) adds addi- 
tional copies of the telomere repeat unit to the ends of 
chromosomes with an integral ribonucleic acid compo- 
nent used as a template.’ A dynamic equilibrium is 
therefore established between the chromosome-short- 
ening replication process and telomere addition, with 
the length of telomeric termini being determined by the 
position of this equilibrium. In humans the basic telo- 
mere repeat unit is 5’-TTAGGG-3’.® ° Several kilobases 
of this repeat (and related degenerate forms) are found 
at the termini of each human chromosome. Telo- 
mere sequences have been highly conserved during 
evolution; similar repeats can be found in species as 
diverse as vertebrates,’® plants,” and ciliated protozo- 
ans.’ In addition to allowing complete replication of 
genetic information, telomeres are thought to contrib- 
ute to genomic stability by functioning as a nuclease- 
resistant and recombination-resistant “cap” on the ends 


1883 


1884 Smith and Yeh 


of chromosomes. Telomeres are also thought to be 
involved in meiotic pairing and segregation and in 
nuclear spatial organization. 

A net loss of telomere repeats has been observed 
during cellular aging both in vitro’? and in vivo,” and it 
has been proposed that these losses are due to telo- 
merase activity being reduced or absent in somatic cells. 
Hastie et al."* have also observed a marked reduction of 
the telomeric arrays isolated frora tumors of the colon 
when compared with adjacent normal mucosa. They 
proposed that the loss of telomere repeats, coupled 
with subsequent recombination events, may contribute 
to the genomic instability found in many solid tumors. 

The purpose’ of this work was to determine whether 
telomere reduction could be detected in tumors of the 
endometrium. 


Material and methods 

Tissues and cell lines. Before studies were initiated, 
a Human Studies Protocol covering this work was ap- 
proved by the Institutional Review Board of The Albert 
Einstein Medical Center. Endometrial adenocarcinoma 
and adjacent normal tissue were obtained from each of 
11 patients undergoing hysterectomy. A portion of each 
specimen was prepared for histopathologic diagnosis 
and evaluation by a staff pathologist. Another portion 
was immediately frozen in liquid nitrogen and stored at 
~ 80° C until DNA extraction. The endometrial cancer 
cell lines Hec 1A (ATCC HTB 112), Hec 1B (ATCC 
HTB 113), KLE (ATCC CRL 1622), AN3CA (ATCC 
HTB 111), and RL95-2 (ATCC CRL 1671) were ob- 
tained from the American Type Culture Collection. 
They were grown as monolayer cultures in Dulbecco’s 
modified Eagle medium containing 10% fetal bovine 
serum, 2 mmol/L glutamine, 1 gm/L glucose, and 1 x 
antibiotic-antimycotic mix (Gibco, Gaithersburg, Md.). 

DNA extraction. Frozen tissues were pulverized to a 
fine powder in a mortar containing liquid nitrogen. 
They were then warmed to 4° C, suspended in digestion 
buffer (100 mmol/L sodium chloride, 10 mmol/L Tris 
hydrochloride, pH &, 25 mmol/L ethylenediaminetet- 
raacetic acid, 0.5% sodium dodecyl sulfate, and 0.1 mg 
proteinase K per milliliter), and incubated overnight at 
50° C. For extraction of DNA from monclayer cultures, 
the cells were first washed with an isotonic saline solu- 
‘tion, then scraped into digesticn buffer and incubated 
with proteinase K as describec. DNA was purified by 


phenol extraction and ethanol-isopropano! precipita- ' 


‘tion. Dried DNA pellets were resuspended in 10 
mmol/L Tris hydrochloride, pE 8. DNA concentrations 
were measured by ultraviolet absorption spectroscopy 
and by quantitative gel electrophoresis. 

DNA analysis. DNA samples were digested overnight 
-at 37° C with the restriction endonuclease HinfI; the 
digestion’ buffer provided by the manufacturer 
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(Promega, Madison, Wis.) was used. After digestion, the 
DNA samples were phenol extracted, ethanol pre- 
cipitated, resuspended in 10 mmol/L Tris, and quanti- 
tated as described. Samples containing 5 wg of DNA 
were subjected to gel electrophoresis, then transferred to 
nylon membranes. The membranes were prehybrid- 
ized for 4 hours at 48° C in a solution of 5 x saline—sodi- 
um phosphate—ethylenedizminetetraacetic acid buffer 
(SSPE), 7% sodium dodecyl sulfate, 10x Denhardt’s re- 
agent, and 0.1 mg/ml denaiured calf thymus DNA. The 
oligonucleotide 5'-(TTAGGG),-3'’ was used to detect 
telomeric sequences. Hybridization probes were gener- 
ated by end labeling oligonucleotides to a specific activity 
of approximately 5 x 10° counts/min per microgram 
with phosphorus 32—labeled adenosine 5'-triphosphate 
and polynucleotide kinase. The filters were hybridized 
overnight at 48° C in the solution used for prehybridiza- 
tion with the addition of the isotopically labeled oligonu- 
cleotide (1 to 2 X 10° counts/min per milliliter). Filters 
were washed at room temperature in 4X saline—sodium 
citrate buffer (SSC) and 0.5% sodium dodecyl sulfate, 
then at 48° C in the same solution. They were exposed to 
x-ray film for 2 to 18 hours. Signals were quantitated with 
a B-particle detection system. 


Results 


DNA samples were digested with the restriction en- 
donuclease Hinfl. This enzyme recognizes and cuts at 
the sequence 5'-GANTC-3’, which occurs frequently in 
human genomic DNA. There are several HinfI sites in 
the subtelomeric region of chromosomes, but the en- 


` donuclease does not cut within the telomere repeat 


sequences.” Digestion of genomic DNA with Hinfl will 
therefore release the terminal restriction fragment from 
each chromosome. This terminal restriction fragment is 
proportional to the length of telomere sequences. 

In Fig. 1 genomic DNA from normal (N lanes) and 
tumor (T lanes) tissue was digested, blotted, and hy- 
bridized at high stringency to a probe specific for 


telomere repeats. Ethidium bromide staining of these 


gels showed that the bulk of the DNA was digested to 
fragments <2 kb (not shown). The hybridization pat- 
tern is seen as a smear representing the terminal 
restriction fragments from both ends of all the chromo- 
somes within the sample. In some cases the blots were 
rehybridized with the mmisatellite probe 5’-(CAC),-3' 
to confirm that both normal and tumor DNA samples 
were from the same patient and that equal amounts of 
DNA had been loaded for each pair of samples. The 
signals from each blot were quantitated by autoradiog- 
raphy and with a §-particle detection system. These 
results are summarized in Table I. Two measurements 
are used to compare the telomere arrays. The relative 
sizes of the terminal restriction fragments are expressed 
as the position of each signal peak (mode) in kilobases. 
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Fig. 1. Gel analysis of Hinfl-digested DNA from endometrial tumors and adjacent normal tissue. 
DNA was digested with Hinfl and subjected to agarose gel electrophoresis. Gels were stained with 
. ethidium bromide, then blotted and hybridized with a probe specific for telomere repeats. Numbers on 
side are size mar kers i in kilobase pairs. Numbers at top are patient numbers. N, Normal tissue; T, tumor 
tissue. 


t 


t 


$ 


Table I. Telomere reduction and tumor grade 
















Normal terminal Tumor terminal 


Patient restriction fragment restriction fragment 

No. [TIN (o) 
47 l 10.5 10.5 45 
49 l 9.0 5.8(8.5) 2 
51 1 9.5 9.5 112 
56 J 9.0 7.7 115 
57 1 10.5 4.8(10.5) <1 
58 1 10.0 7.8 23 
42 2 10.5 10.5 50 
43 2 10.5 6.6(10.5) 30 
54 2 11.5 8.3 14 
46 3 10.5 ` 5.0(10.5) 7 
53 3 


14.0 3.6(13.0) <l 


*Size of terminal restriction fragment (modal) from: normal and tumor tissue. 
+Numbers in parentheses represent minor peaks detected by densitometry. 
tRatio of integrated signals = 100 tumor/normal. 
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Fig. 2. Gel analysis of Hinfl-digested DNA from endometrial 
carcinoma cell lines. DNA was digested with HinfI and sub- 
jected to agarose gel electrophores:s. Gel was stained with 
ethidium bromide, then blotted and hybridized with a probe 
specific for telomere repeats. Numbers on side are size mark- 
ers in kilobase pairs. Cell limes shown are HI, Hec 1A; H2, Hec 
1B; A, AN3CA; K, KLE; and R, RLQ5-2. 


The intensity of the hybridization signal is expressed as 
a percent ratio of the integrated signals from tumor and 
normal tissues. A reduction of telomeric repeats in 
tumor versus normal tissue from the same patient was 
observed in the majority of cases (10/11). There was an 
apparent reduction in both size distribution and total 
signal intensity. In some tumors the reduction was 
extensive, with only a small number of mainly short 
stretches of repeats being detected (see tumor 57), 
whereas in other cases the reduction was more modest 
(see tumor 47). Although some tumor samples showed 
reduction in both measurements, others showed reduc- 
tion in only one of the two parameters (e.g., tumors 47 
and 56). Many of the tumor tissues showed two peaks of 
terminal restriction fragment hybridization. In those 
cases the major peak was of reduced size, but there was 
a second minor peak at the position of the peak from 
normal tissue. We believe that this observation reflects 
the presence of nonmalignant cells within the tumor 
sample, although it is also possible that it results from 
tumor heterogeneity. 
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Table II. Endometrial adenocarcinoma 


cell lines 
Hec 1A Moderately differentiated 115 
Hec 1B Well-differentizted 119 
AN3CA Metastatic 146 
KLE Poorly differentiated 8 
RL95-2 Moderately differentiated 123 


*As obtained from the ATCC. 


We also examined telomere distributions in endome- 
trial carcinoma cell lines. The phenotypes and passage 
numbers (as obtained from the ATCC) of these cell lines 
are summarized in Table II. DNA from each cell line 
was treated as described with the results shown in Fig. 
2. It is notable that, although four of the cell lines 
showed reduced telomere distributions similar to those 
seen in tumor tissues, the fifth line (KLE) had an 
extensive array of repeats. 


Comment 


A semiquantitative model for the regulation of cellu- 
lar growth dynamics has recently been proposed.’ In 
this model the process of telomere reduction functions 
as a type of mitotic clock to regulate the proliferative 
potential of cells. ‘Telomerase is active in germ line 
tissues but is inactivated ir somatic tissues. The loss of 
terminal sequences with each round of cell division 
limits the replication potential in somatic tissues. Reac- 
tivation of telomerase is required for the survival of 
immortalized cell populations such as cell lines and 
tumors. The length of telomeres in an immortal cell 
population may thus reflect the time at which telo- 
merase reactivation occurred. There may also be a 
growth advantage for cells with shorter telomere arrays. 

We have demonstrated that telomere reduction is a 
feature of most endometrial adenocarcinomas studied. 
A reduction in telomere size distribution, in relative 
telomere quantities, or in both measurements was ob- 
served in tumor tissue when compared with normal 
adjacent tissue. Telomere reduction has also been re- 
cently described in tumors of the colon,“ ovary," 
lung,'* breast,” and kidney (Wilms’ tumor).” Although it 
is clear that telomere lengths reflect the replicative 
history of a cell population and that telomere reduction 
can contribute to genomic instability, there is contro- 
versy over how great a role telomere reduction plays in 
the process of tumorigenesis.'* '*'*® This controversy 
will be resolved only by looking at a larger sampling of 
a variety of human neoplasms. The role of telomere 
shortening in the aging process can similarly be studied 
by examining telomeres and looking for the activity of 
telomerase in a variety of somatic (particularly lineages 
with varying turnover numbers) and germ line tissues. 

Shortened telomeres (as compared with those found 
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in normal tissues) were also seen in four of five endome- 
trial adenocarcinoma cell lines. The most severe telo- 
mere reduction was seen in the aggressive metastatic 
line AN3CA. Hec 1B, a faster growing and better 
differentiated variant that arose during a stationary 
period in the culture of Hec 1A, showed more telomere 
reduction than did Hec 1A. It is interesting to note that 
the cervical carcinoma cell line HeLa has been de- 
scribed as having extremely long telomeric arrays.’ 
HeLa cells are also the only source from which a human 
telomere transferase has been isolated and character- 
ized.'* When cell lines are examined, it must be kept in 
mind that telomere reduction may have occurred dur- 
ing the genesis of the primary tumor, during immortal- 
ization and passage in vitro, or both. 

One primary tumor (patient 51) and one cell line 
(KLE) did not show evidence of telomere reduction. It 
will be of interest to determine whether telomerase is 
more active in these cells than in the others examined. 

Several other important questions can also be ad- 
dressed. The observation that some tumors show a 
reduction in only size or intensity of hybridization, 
whereas others show a reduction in both, suggests that 
loss of telomere sequences is not uniform across the 
genome or between tumors. High-resolution in situ 
hybridizaton can be used to study the patterns of 
telomere loss on different chromosomes. As mentioned, 
a more complete understanding of the role of telomeres 
in controlling cellular growth will require an examina- 
tion of both telomere length and telomerase activity in 
a much larger number of normal and pathologic cell 
types. Finally, it is of great practical importance to 
determine whether telomere length can be used as a 
diagnostic or prognostic indicator in clinical practice. 
For this it will be necessary to determine whether 
telomere reduction shows correlation with clinical pa- 
rameters such as histologic subtype, stage at diagnosis, 
or patient survival. Although the number of samples 
examined is too small to permit any firm conclusions 
about the relationship between tumor grade and telo- 
mere reduction, the data do suggest (averaged values of 
tumor and normal tissue from Table I are as follows: 
grade 1 50%, n = 6; grade 2 31%, n = 3; and grade 3 
4%, n = 2) that such a correlation may be found if a 
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larger number of tumors is examined. Grade 1 tumors 
clearly show extreme variability in the extent of telo- 
mere reduction, and this observation may also have 
mechanistic relevance. 
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epithelium throughout the menstrual cycle: Modulation of 
deoxyribonucleic acid synthesis by 178-estradiol and 


medroxyprogesterone acetate 


Paul B. Marshburn, MD, Judith R. Head, PhD, Paul C. MacDonald, MD, and 


M. Linette Casey, PhD 
Dallas, Texas 


1 


OBJECTIVE: The purpose of this study was to evaluate the culture characteristics and cell proliferation of 
human endometrial glandular epithelial cells in primary culture on extracellular matrix and to evaluate Sex 


steroid modulation of this process. 


STUDY DESIGN: We examined the culture characteristics in 53 endometrial gland preparations obtained 
throughout the menstrual cycle and determined ihe incorporation of tritiated thymidine in endometrial 
epithelial cells as a measure of deoxyribonucleic acid synthesis (cell proliferation) in the presence and 


. absence of 17B-estradiol and medroxyprogesterone acetate. 


RESULTS: Good culture maintenance of endometrial epithelial monolayers on extracellular matrix was 
observed from glands derived from proliferate phase endometrium (21 of 23), whereas poor adherence 
and culture maintenance was observed in all 30 of specimens from the secretory phase. With 
17B-estradiol treatment for 22 hours, tritiated thymidine incorporation was not different from control, but 
medroxyprogesterone acetate treatment for 22 hours was associated with diminished tritiated thymidine 
incorporation by 36% (p < 0.004). When 178-estradiol (107° mol/L) was included in the incubation 
medium from the time of initial culture, tritiated thymidine incorporation on day 4 was 40% of control 
(p < 0.006), and tritiated thymidine was not suppressed further by 22 hours of treatment with 
medroxyprogesterone acetate (10-7 mol/L). In spite of cellular spread of endometrial epithelial cells to 
_subconfiuence, deoxyribonucleic acid content per well did nct increase over time in culture. 
CONCLUSIONS: We conclude that exposure of endometrial glands to progesterone in vivo inhibits 
adherence and the establishment of cell monolayers cultured on a thin layer of extracellular matrix. 
Because 17-estradiol treatment in culture for 22 hours does not increase tritiated thymidine 
incorporation, it is possible that 17B-estradioi exerts its proliferative effect on the endometrial epithelium 
by an indirect action mediated by stromal cells. The effects of 17B-estradiol and medroxyprogesterone 
acetate on deoxyribonucleic acid synthesis in endometrial epithelial cells may represent an action on a 
stem cell population of dividing cells or a terminally differentiated cell population that undergoes 


programmed cell death. (Am J Osstet Gynecou 1992;167:1888-98.) 


Key words: Eridometrial epithelium, cell proliferation, sex steroids 


The endometrium is one of the few tissues in the 
adult human, that undergoes proliferation. During the 
follicular phase of the ovarian cycle in ovulatory women, 
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there is marked, rapid growth of the endometrium. 
Cellular proliferation is localized primarily to the epi- 
thelial cells and is believed to be mediated by 176-. 
estradiol, which is produced in large amounts during 
this time. The mechanism(s) (i.e., direct or indirect) by 
which 17 -estradiol acts on the endometrial glands to . 
induce cell replication, however, has not e estab- 
lished. 

A strategy for investigating the effects of sex steroids 
on the growth characteristics of endometrial epithelial 
cells in the absence of stromal cell interaction is to 
isolate and culture endometrial glands and treat these 
cells with sex steroids in vitro. In histologic evaluations 
of endometrial glandular epithelial cells cultured on 
plastic substrate, other investigators have described a 
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different. morphologic type than that observed in situ 
(i.e., a flattened, fusiform appearance with loss of sur- 
face microvilli).’ In studies conducted with normal en- 
dometrial epithelial cells cultured on plastic there is 
only modest cellular proliferation in vitro and no rep- 
licative response to estrogens.? When cultured on bio- 
matrix containing components of basement membrane 
extracellular substance, however, endometrial epithelial 
cells in culture are maintained with a cytoarchitecture 
and polarity resembling those of endometrial epithelial 
cells in vivo. * It is believed that maintenance of 
epithelial cellular morphologic features in culture de- 
pends in part on cellular contact with components of 
extracellular matrix and appears important for the 
expression of differentiated cellular function in vitro in 
other systems.” ° 

In the current study we examined -characteristics of 
endometrial epithelial cells maintained in culture: on 
the biomatrix Matrigel after isolation from normal 
human endometrium obtained during proliferative and 
secretory phases of the menstrual cycle. We evaluated 
gross morphologic features and deoxyribonucleic acid 
(DNA) synthesis in endometrial epithelial cells main- 
tained on biomatrix, as measured by tritiated thymidine 
incorporation into DNA, and determined whether DNA 
synthesis could be altered by treatment of endometrial 
epithelial cells on biomatrix to 176-estradiol or proges- 
tin (i.e., medroxyprogesterone acetate). | 


Material and methods 


Source of tissue. Endometrial tissue was removed 
from the uteri of normal ovulatory women after hyster- 
ectomy performed for reasons other than endometrial 
disease. Before surgery consent in writing was obtained 
from the women; the consent form and protocol used 
were approved ‘by the Institutional Review Board for 
Human Research of The University of Texas Southwest- 
ern Medical Center. The day of the ovarian cycle was 
determined from the woman’s menstrual history and by 
histologic examination of the endometrium, which was 
performed on all specimens. Histologic evaluation re- 


vealed a small number of endometrial specimens to ° 


have pathologic changes; these specimens were ex- 
cluded from the study. Endometrial tissues were 
placed in Dulbecco’s modified Eagle’s medium with 
N[2-hydroxyethyl]piperazine-N—[2-ethanesulfonic acid] 
15 mmol/L, antibiotic-antimycotic solution (1% vol/vol), 
and fetal bovine serum (10%, vol/vol) for transport 
to the laboratory. In the fetal bovine serum used, 
178-estradiol and progesterone as quantified by radio- 
immunoassay were not detectable (<107'' mol/L). 
Isolation of endometrial glands. Endometrial tissue 
was removed from the transport medium, placed in a 
Petri dish, and minced into small pieces (1 mm”) in the 
presence of Hanks’ buffered saline solution under asep- 
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tic conditions. Endometrial glands were isolated after 
enzymatic digestion of tissue minces with collagenase 
(0.1% wt/vol, Boehringer-Mannheim, Indianapolis) and 
deoxyribonuclease (0.01% wt/vol from bovine pancreas, 


‘grade 2) as modified from a method described previ- 


ously.’ Briefly, the tissue minces were combined with the 
enzymatic solutions in Hanks’ buffered saline solution 
(total volume 35 ml) and tncubated for 25 minutes at 
37° C with gentle agitation in a water bath. After 
enzymatic digestion, Dulbecco’s modified Eagle’s medi- 
um—F12 (15 ml) with fetal bovine serum (10%) was 
added to the cell suspension and gently triturated with 
a 10 ml pipette. The suspension was centrifuged for 10 
minutes at 700g. After removal of the supernatant fluid, 
the cellular pellet was resuspended in Dulbecco’s mod- 
ified Eagles medium—-F12 (25 ml) with fetal bovine 
serum (10%) and gently dispersed by aspiration 
through a 10 ml pipette. The stromal cells were sepa- 
rated from endometrial glands by filtration through a 
wire mesh (73 um diameter pore). The endometrial 
glands and small tissue fragments remaining on the 
wire mesh were washed two times with Hanks’ buffered 
saline solution (5 ml). The filter underwent a backwash 
with Hanks’ buffered saline sclution (15 ml), and small 
tissue fragments were removed. The solution that con- 
tained predominantly endometrial glands was incu- 
bated for 20 minutes in a plastic culture dish at 37° C in 
a humidified environment with 5% carbon dioxide to 
allow selective adherence of the few remaining stromal 
cells. The glands were collected and transferred to a 
15 ml conical tube for centrifugation at 700g for 
5 minutes. The supernatant fluid was aspirated from 
above the pellet and gently resuspended in Dulbecco’s 
modified Eagle’s medium with pv-valine substituted for 
L-valine with fetal bovine serum (10%). The substitution 
of p-valine for t-valine in the medium is effective in 
promoting preferential growth of endometrial epithe- 
lial cells in contrast to endometrial stromal cells.* Ex- 
clusion of trypan blue (0.04%) wt/vol, in phosphate- 
buffered saline solution, (pH 7.2) was assessed by 
means of a hemocytometer and light microscopy (mag- 
nification X 40) to assess cell viability. 

Epithelial cell cultures. Falcon tissue culture plates 
(24- or 48-well) were coated with a thin layer of Matrigel 
biomatrix (Collaborative Research, Boston; 25%, 
vol/vol, in Dulbecco's modified Eagle’s medium with 
p-valine). The Matrigel—Dulbecco’s modified Eagle’s 
medium solution was applied to a chilled culture dish, 
then removed immediately, resulting in a thin coat 
remaining in the dish. An aliquot of the isolated gland 
(approximately 200 ug of protein) suspension (in Dul- 
becco’s modified Eagle’s medium with p-valine and 10% 
fetal bovine serum) was transferred to the culture wells. 
The cultures were inspected daily to assess the degree 
of glandular attachment and cellular morphologic fea- 
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tures. Microciliary movements were noted by inverted 
phase microscopy (magnification x 40). Approximately 
98% of epithelial cells in culture excluded the trypan 
blue on days 3 and 5 of culture. 

Immunocytochemistry. Isolated glands were plated 
in Permanox miniwell chambers (Lab-Tek, Naperville, 
Ill.) with or without Matrigel coating. After 1 to 12 days 
in culture the epithelial cells were prepared for immu- 
nofluorescent detection of cytokeratin or vimentin fila- 
ments. Briefly, culture medium was aspirated from the 
cultures, and the cells were washed twice with phos- 
phate-buffered saline sclution (pH 7.4). Cold methanol 
(—20° C) was placed in the wells, which were main- 
tained at —20° C for 10 minutes thereafter. The epi- 
thelial cells were then washed three times with phos- 
phate-buffered saline solution for 5 minutes before the 
addition of mouse monoclonal antivimentin antibody 
(Dako, Santa Barbara, Calif.) diluted 1:300 or mouse 
monoclonal anticytokeratin antibcdy (Dako, MNF116) 
diluted 1:50 in phosphate-buffered saline solution (pH 
7.4). Negative controls were conducted with normal 
mouse serum (instead of primary antibody) that con- 
tained an amount of nonspecific immunoglobulin iden- 
tical in concentration to the immunoglobulin concen- 
tration in the primary antibody solution. The cells were 
exposed to primary antibody or control solutions for 30 
minutes at room temperature. After the cells were 
washed in phosphate-buffered saline solution (5 min- 
utes, three times), 5-([4,6-dichlcrotriazin-2-yl]jamino) 
fluorescein—conjugated, donkey F(ab’), fragment anti- 
mouse immunoglobulin G (1:400 in phosphate-buff- 
ered saline solution) was applied for 30 minutes at 
room temperature. The cells were washed three times 
in phosphate-buffered saline solution, mounted with 
glycerol under sealed coverslips, and evaluated on a 
Zeiss Photomicroscope II (Carl Zeiss, Inc., Chicago) 
equipped with epifluorescent illumination. 

Tritiated thymidine incorporation experiments. On 
day 3 of culture and at 24 hours thereafter the culture 
medium (Dulbecco’s modified Eagle’s medium with 
p-valine and 10% fetal bovine serum) was changed. The 
cells were washed twice in serum-free medium before 
the test solution was applied. Test solutions in Dul- 
becco’s modified Eagle’s medium with p-valine and 2% 
fetal bovine serum were applied to each well (of 48-well 
plates). After 22 hours [methvyl-tritium] thymidine 
(1 pCi) was added. After incubation for 3 hours at 
37° C the incubation medium was aspirated from the 
epithelial cells, which were then washed twice with 
phosphate-buffered saline solution. After the addition 
of homogenization buffer (sodium phosphate buffer, 
0.05 mol/L, sodium chloride 2 mol/L, and ethylenedi- 
amine tetraacetic acid 2 x 107° at pH 7.4, 325 wl per 
well) the cells were dispersed by pulsed ultrasonication. 
‘An aliquot (50 pl) of the sonicate was applied to 
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Whatman 3M filter disks (Whatman International, 
Maidstone, England). The disks were dried and then 
dropped into ice-cold trichloroacetic acid (20% wt/vol) 
and swirled with a stir bar for 20 minutes. The 20% 
trichloroacetic acid solution was removed and replaced 
(twice) with cold trichloroacetic acid (5%) for 2- to 
3-minute washes. ‘This was followed by a single wash 
with 95% ethanol and ther. acetone. The disks were 
dried in air and placed in scintillation vials with 
BudgetSolve (Research Products, Mount Prospect, IIL; 
5 ml}. Radioactivity was quantified by liquid scintillation 
spectrophotometry. Data were expressed as counts per 
minute per microgram of DNA. The incorporation of 
tritiated thymidine into DNA was conducted with du- 
plicate filters and replicates of four-wells per condition. 

DNA analysis. DNA was quantified by a modification 
of the in situ solubilization procedure of West et al.’ 
Briefly, an aliquot (100 pl) of the sonicate in homoge- 
nization buffer was mixed with assay buffer (1.9 ml; 
sodium phosphate buffer 0.05 mol/L), and sodium 
chloride 2 pmol/L), pH 7.4, and Hoescht dye, 33258 
1 pg/ml). Fluorescence at 365 nm excitation and 
458 nm emission was measured in a microfluorometer 
(Hoefer Scientific Instruments, San Francisco); calf thy- 
mus DNA was used as a standard. 

Statistical analysis. Experiments were repeated a 
minimum of four times for statistical analysis. Paired 
Student ¢ testing was used for analysis of tritiated 
thymidine incorporation experiments comparing 0.1% 
bovine serum albumin and 2.0% fetal bovine serum 
media. The assessment of statistical significance in ex- 
periments analyzing the effects of 17B-estradiol concen- 
trations for 22 hours on tritiated thymidine incorpora- 
tion (see Fig. 4B) and for DNA time-course experi- 
ments (see Fig. 5) was by one-way analysis of variance. 
Because decreases in DNA content from days 1 to 3 
occurred as a secondary effect of loss of glands that did 
not firmly adhere to the culture well, statistical testing 
of DNA content over time was performed from days 3 
through 7. Data that examined tritiated thymidine 
incorporation in endometrial epithelial cultures in the 
presence or absence of 17B-estradiol for 5 days or 
medroxyprogesterone acetate for 22 hours (see Fig. 4C) 
were analyzed by means of repeated-measures analysis 
of variance with two-level factorial repeated factors. 
Significance was placed at the p <0.05 level. 


Results 


Maintenance of endometrial epithelial cells in cul- 
ture. Endometrial glands were cultured without knowl- 
edge of the stage of the menstrual cycle of the endome- 
trial tissue from which the tissue was derived. In all 
cases > 95% of cells in intact glands after isolation were 
viable as assured by trypan blue exclusion. Minimal 


` stromal cell contamination (evaluated by light micros- 
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copy) was noted after gland isolation. Active microcili- 
ary movement was noted in a population of the en- 
dometrial epithelial cells in the intact glands, often with 
action that resulted in whole-gland movement before 
adherence. The cultures were classified into three cat- 
egories on the basis of attachment to the matrix, cellu- 
lar morphologic conditions, and viability: (1) good cul- 
ture maintenance (good plating efficiency of glands and 
spread into well-delineated circular colonies of cells 
with polygonal morphologic features and motile mi- 
crovilli), (2) poor culture maintenance (variable plating 
efficiency, cellular colonies without uniform polygonal 
morphologic characteristics, and no spread to cover the 
matrix surface), and (3) no culture maintenance (sub- 
sequent degeneration; failure of glandular attachment 
with ultimate loss of glandular integrity and free-float- 
ing cells with 15% to 20% viable after 12 days in 
culture). 

In cases of good culture maintenance, adherence of 
glands was evident by 3 to 4 hours of culture, and by 24 
hours lateral spreading of epithelial cells resulted in 
well-defined circular colonies of cells with loss of tubular 
integrity of the glands (Fig. 1, a and b). The cells in 
individual colonies cultured on biomatrix appeared 
more elevated above the culture surface than did en- 
dometrial epithelium on plastic when viewed by light 
microscopy. The cell colonies continued to spread and 
fuse, assuming a monolayer that became subconfluent 
by the day of test solution media change (Fig. 3, c). In 
areas of the monolayer the cells appeared in trabecu- 
lated formations and circular enfolded areas resembling 
toroids (Fig. 3, d). More than 95% of cells cultured on 
biomatrix demonstrated strong positive immunolocal- 
ization of cytokeratin from 1 to 12 days in culture (Fig. 
2). After culture for 3 days in Dulbecco’s modified 
Eagle’s medium with p-valine, only a rare stromal cell 
could be detected by vimentin immunofluorescence. By 
light microscopic inspection, the few endometrial stro- 
mal cells failed to proliferate in p-valine containing 
medium, an observation that confirms a prior study in 
human endometrial cell cultures." Furthermore, cells 
of endometrial epithelial morphologic type also dem- 
onstrated a low level of immunoreactivity for vimentin 
on days 1 through 12 of culture on either biomatrix or 
plastic. 

After categorization of endometrial epithelial cell 
cultures into good, poor, or degenerative culture 
groups, the origins of the endometrial specimens were 
unblinded with regard to menstrual dating and en- 
dometrial histologic type. All endometrial samples with 
good culture maintenance were of proliferative or early 
secretory origin (Fig. 3, Table I). Specimens with poor 
culture maintenance or degeneration were from mid- 
to late—secretory phase endometrium. On several occa- 
sions glands isolated from lush-appearing endometrial 
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tissue yielded high density of long endometrial glands 
that failed to adhere to the culture interface and de- 
generated by days 10 to 12 in culture. Invariably these 
glands were from mid- to late-secretory phase endo- 
metrium by histologic type and menstrual cycle dating. 

Incorporation of tritiated thymidine into endome- 
trial epithelial cells in culture. Light microscopic 
observations of endometrial epithelial cells in culture 
demonstrated that after 24 hours of incubation in 
serum-free medium supplemented with 0.1% bovine 
serum albumin a population of cells in the periphery of 
the monolayer exhibited eccentric nuclear migration, a 
contraction of cytoplasmic volume, and occasional loss 
of cellular adherence. These changes were not noted in 
endometrial epithelial cultures maintained in media 
containing 2.0% fetal bovine serum. After 4 days of 
culture in medium supplemented with fetal bovine 
serum (10%), the medium was changed to either serum- 
free (0.1% bovine serum albumin) or 2.0% fetal bovine 
serum—supplemented medium for 22 hours, and triti- 
ated thymidine incorportion was determined in groups 
of cells incubated under these two conditions (Fig. 4A). 
No difference in tritiated thymidine incorporation was 
detected between cells maintained in serum-free or 2% 
fetal bovine serum media. Thus test solutions contain- 
ing 17B-estradiol (10°* mol/L) or medroxyprogester- 
one acetate were prepared in media supplemented with 
2.0% fetal bovine serum. In endometrial epithelial cells 
cultured for 4 days in the absence of 17-estradiol, 
incubation for the subsequent 22 hours with or without 
17B-estradiol (107° and 1077 mol/L) resulted in no 
difference in tritiated thymidine incorporation (Fig. 
4B). In contrast, medroxyprogesterone acetate (10~’ 
mol/L) exposure for 22 hours diminished tritiated thy- 
midine uptake by 36% (p < 0.004) (Fig. 4C). If cells 
were incubated in the presence of 178-estradiol (10~* 
mol/L) from initial culture, a significant decrease in 
tritiated thymidine incorporation below control levels 
was observed (40% of control, p < 0.006). However, the 
addition of medroxyprogesterone acetate (1077 mol/L) 
for 22 hours to endometrial epithelial cells treated for 5 
days with 17B-estradiol failed to decrease further triti- 
ated thymidine incorporation below the level induced 
by 5-day treatment with 17f-estradiol alone. Steroid 
treatment did not induce differences in total cellular 
DNA, protein content, or trypan blue exclusion be- 
tween test and control groups (data not shown). Also, 
control experiments demonstrated negligible tritiated 
thymidine incorporation into wells coated with Matrigel 
compared with plastic alone. 

Changes in DNA content over time in endometrial 
epithelial cultures on plastic or Matrigel. DNA con- 
tent per well was assayed on days 1, 3, 5, and 7 after 
initial plating in medium that contained fetal bovine 
serum (10%) on either plastic or Matrigel (Fig. 5). An 
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Fig. 1. Light photomicrographs of endometrial glands in culture on Matrigel. a to d are photomi- 


crographs of normal human endometrial 


epithelial cells cultured on a thin coat of Matrigel. a, Two 


days in culture; b, 4 days in culture; c, 6 days in culture; d, 10 days in culture. e, Example of 
endometrial gland in thick layer of Matrigel. Glands from both proliferative and secretory endome- 
trium formed tubular structures with luminal diameters greater than diameter of native glands. 


(Original magnification, x 300.) 


initial decrease in DNA content from days 1 to 3 was 
observed to be concomitant with loss of glands that did 
not adhere firmly to the culture well and resided above 
the biomatrix interface. Trypan blue exclusion studies 
were indicative that nonadherent gland fragments were 
viable. On either Matrigel or plastic, lateral spread of 
endometrial epithelial cells occurred in each well to 
near-confluent monolayers, usually by 4 days in culture 


at our plating density. In spite of this covering of the 
culture plate surface, no increase in DNA content was 
observed during time in culture (Fig. 5). 


Comment 

Estrogen and progesterone may affect endometrial 
epithelial cellular proliferation directly or indirectly by 
paracrine mechanisms, possibly from contiguous stro- 
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Fig. 2. Immunolocalization of cytokeratin or vimentin filaments. Immunofluorescent detection of 
cytokeratin or vimentin filaments is shown with fluorescence photomicrographs on left and phase- 
constant images on right (designated by asterisk). A, Strong positive immunofluorescence for 
cytokeratin is demonstrated. B, Low level of positive antivimentin reactivity is seen in a representative 


gland after 3 days of culture. C, Negative controls (normal mouse immunoglobulin) have minimal 
background immunofluorescence. (Original magnification x 415.) 


mal cells. Prior studies indicate that isolated normal on plastic, however, do not maintain the morphologic 
human endometrial glands cultured on plastic surface features of the low-columnar, polarized appearance of 
demonstrated no increase in cellular mitotic activity to cells seen in endometrial glands in vivo. Because loss of 


added estrogen.” Endometrial epithelial cells cultured polarized morphologic features of epithelial cells in 
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Fig. 3. Superior culture maintenance was obtained with specimens from proliferative or early 
secretory phase with poor or no culture maintenance occurring with specimens from mid to late 
secretory phase. 
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Fig. 4A. Tritiated thymidine incorporation into DNA of human endometrial glandular epithelium in 
primary culture: Effects of serum-free (0.1% [BSA] versus serum-containing (2% /FBS/) conditions. 
These figures are representative experiments that were repeated three times by procedure stated in 
Material and methods section. There was no difference in tritiated thymidine incorporation between 
specimens that were maintained in serum-free or 2.0% fetal bovine serum—containing medium. 


Table I. Culture efficiency of endometrial glands in proliferative and secretory phases of menstrual cycle 


Good culture maintenance Poor culture maintenance 
Secretory Proliferative 
phase phase 






No culture maintenance 












Secretory 


Proliferative Secretory 
phase phase 


Proliferative 
phase phase 
Endometrial histo- 24 6 5 19 l 18 
logic features alone | 
Endometrial histo- 21 2 0 12 0 18 


logic features plus 
menstrual dating 


Categories of good, poor, and no culture maintenance with regard to phase of menstrual cycle from which endometrial specimen 
was obtained (see text). 
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Fig. 4B. Tritiated thymidine incorporation into DNA of human endometrial glandular epithelium in 
primary culture (CTL): Effects of 17B-estradiol (107° and 1077 mol/L) for 22 hours. No increase in 
DNA synthesis was detected in endometrial epithelial cultures that were treated for 22 hours with 


178-estradiol (107* and 10-7 mol/L). 
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Fig. 4C. Tritiated thymidine incorporation into DNA of human endometrial glandular epithelium in 
primary culture (CTL): Effects of 17B-estradiol (E2) (107* mol/L) for 5 days in presence or absence of 
medroxyprogesterone acetate. Specimens indicated as +E2 or —E2 were incubated in presence or 
absence of 17f-estradiol 10~* mol/L for 5 days beginning at the time of initial culture. Two groups 
of these cells were treated for the last 22 hours with or without medroxyprogesterone acetate (MPA) 
(1077 mol/L), Letters denoting individual bars in histogram indicate statistical significance (a different 


from b}. 


culture has been associated with loss of differentiated 
function,'” ’? these changes may alter the responses of 
endometrial epithelial cells to hormonal treatment. 
Endometrial epithelial cells cultured on Matrigel 
were characterized initially by the immunohistochemi- 
cal identification of their intermediate filament pro- 
teins. Our results are in agreement with the findings of 
Schatz et al.,"° who observed weak vimentin positivity of 
endometrial epithelial cells cultured on type 1 collagen. 
Other investigators, however, have not reported the 


presence of vimentin tmmunolocalization in endome- 
trial epithelial cells maintained on Matrigel.” Of interest 
is that Tabibzadeh’* demonstrated that human en- 
dometrial epithelial cells in situ express vimentin fila- 
ments in the proliferative phase endometrium and this 
expression of vimentin is diminished in the secretory 
phase. Because most of our cultures with good culture 
maintenance were from proliferative phase endome- 
trium, the maintenance of vimentin reactivity also may 
represent preservation of a differentiated cytoskeletal 
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Fig. 5. Changes in DNA content over time in endometrial epithelial cell cultures of plastic or 
Matrigel representative experiment that was repeated four times is presented. No increase in DNA 
-content was noted over time in culture or between groups cultured on plastic versus Matrigel. 


arrangement in culture, which was observed in the 
glandular elements in intact endometrial tissue. We 
cannot exclude the possibility, however, that the vimen- 
tin reactivity observed in endometrial epithelial cells is 
unique to the antivimentin antibody or culture condi- 
tions used. 

We can find no reports of a systematic examination of 
the culturing characteristics of endometrial glands 
throughout all phases of the menstrual cycle. Prolifer- 
ative phase glands adhered to the matrix and spread on 
the culture interface, whereas glands from mid- to 
late-secretory phase endometrium did not. These find- 


'- ings are suggestive that a direct or indirect influence of 


progesterone on endometrial glands in vivo inhibits 
glandular adherence and the formation of a monolayer 
culture of endometrial epithelial cells. Others have 
reported that endometrial glands obtained from speci- 
mens after day 21 of the menstrual cycle do not adhere 
well.to plastic but can be cultured on a thick layer of 
type 1 collagen.” We, in addition to others,'? '° have 
observed that in thicker layers of diluted Matrigel, the 
endometrial glands from specimens throughout the 
menstrual cycle form tubular structures with luminal 
diameters greater than the diameter of the native 
glands (Fig.. 1, E). Perhaps endometrial glandular dif- 
ferentiation after progesterone exposure inhibits cellu- 


lar adherence or maintenance in culture if dissolution ' 


of glandular integrity is required. 

Endometrial epithelial cells cultured on Matrigel did 
not proliferate in response to 22 hours of treatment 
with 17B-estradiol, and diminished DNA synthesis was 


observed after 22 hours of treatment with medroxy- ` 


progesterone acetate. These results are consistent with 


those. of Kirk et al.,' who evaluated the effects of 
17B-estradiol (10-" mol/L) and progesterone (1077 
mol/L) on the mitotic activity of primary, normal human 
endometrial epithelial cultures on plastic. They hy- 
pothesized that the flat fusiform cells on plastic were 
undergoing cellular repair and thereby rendered re- 
fractory to a further anakolic stimulus by steroids. 
Although this interpretation may be correct, we found 
no net increase in DNA synthesis after 22 hours of 
exposure to 17-estradiol in endometrial epithelial 
cells that have maintained differentiated morphologic 
features. 

A primary action of estrogen on target cells is 
through functional estrogen receptors. Our steroid in- 
cubation period coincided with maximum estrogen re- 
ceptor levels observed in endometrial epithelial cells 
cultured on plastic. If the time course of estrogen 
receptors expression in endometrial epithelial cells cul- 
tured on Matrigel was similar to that seen with cells 
grown on plastic, the lack of change in tritiated thymi- 
dine incorporation in response to incubation with 178- 
estradiol for 22 hours would not be posited on the basis 
of the absence of estrogen receptors. In this study 
evidence that supports the presence of functional estro- 
gen receptors on endometrial epithelial cells cultured 
on biomatrix is the decrement in DNA synthesis with 
long-term (5-day) 17B-estradiol exposure. This finding 
is unlikely to be secondary to a toxic effect of long-term 
178-estradiol treatment because this decrement in DNA 
synthesis occurred without disruption of cellular mor- 
phologic features, change in vital dye exclusion, or 
decrease in total DNA content. Other researchers have 
demonstrated that long-term 17f-estradiol treatment 
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results in desensitization of 178-estradiol-induced pro- 
liferation of rabbit endometrial glandular cells and in 
refractoriness to stimulation of DNA synthesis and cel- 
lular metabolism in rat uterine cells.’ ° The mecha- 
nism whereby this decrement in DNA synthesis is in- 
duced in human endometrial epithelial cells, however, 
cannot be determined by this study, in that we did not 
evaluate possible alterations in estrogen receptor num- 
ber or affinity or the adequacy of postreceptor function. 

We used the incorporation of tritiated thymidine into 
endometrial epithelial cellular DNA as a measure of 
DNA synthesis. As the rate of DNA synthesis in diploid 
cells is indicative of the mitotic activity, the radioactivity 
in trichloroacetic acid—precipitable material should re- 
flect cell growth. Our results indicate that thymidine 


incorporation is occurring without any appreciable’ 


change in cellular DNA or protein content over time. 
These findings may be interpreted to reflect the incor- 
poration of tritiated thymidine into genomic DNA dur- 
ing DNA repair (by the salvage pathway). Estrogen does 
not appear to alter aspects of DNA salvage in endome- 
trial adenocarcinoma cells.'® *° However, we find no 
evidence that DNA repair does not account, at least in 
part, for the incorporation of tritiated thymidine into 
DNA into normal endometrial epithelial cells cultured 
on Matrigel. | 

‘Alternatively, the proliferation of a population of 
endometrial epithelial cells may occur with simulta- 
neous cell loss in a separate population. The results we 
present are consistent with those of studies suggesting 
the existence of a heterogeneity of cells within the 
endometrial glandular epithelium. Studies in the rab- 
bit, rhesus monkey, and human endometrium provide 
evidence for the existence, of at least two subpopula- 
tions of endometrial epithelial cells with regard to 


location in the epithelium, cycle stage, and responsive- ` 


ness to the effects of estrogen and progesterone on cell 
mitosis.'” °} ?? In vitro labeling experiments on intact 
human endometrium obtained from different days dur- 


ing the menstrual cycle indicate that estrogen stimu- 


lated and subsequent progesterone inhibited the pro- 
liferation of epithelial cells in both the functional and 
basal zones of the endometrial glands.” 

Our data are consistent with observations on the in 
vitro ‘tritiated thymidine labeling on intact human en- 
dometrium obtained from ‘different days during the 
menstrual cycle. Medroxyprogesterone acetate induces 
a net inhibitory influence on DNA synthesis in human 
endometrial epithelial cells in culture, an effect that 
appears to be mediated by a direct action on these cells. 
Our findings also are supportive of the view that 178- 
estradiol mediates its proliferative effects on endome- 
trial epithelial cells by an indirect action, possibly by 
way of factors from the stromal cell compartment and 
not simply by contact with basement membrane extra- 
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cellular matrix. The effects of 17B-estradiol in influenc- 
ing: the mitotic activity and differentiation of rat vaginal 
epithelium requires intact interaction between vaginal 
epithelium and stroma.” The factors from the stromal 
compartment that may mediate such influences be- 
tween endometrial epithelium and stroma, however, 
have not been conclusively determined. The findings of 
some studies suggest that cytokines (interleukin-6, in- 
terferon gamma) derived from stomal or lymphoid cells 
in the stromal cell compartment may be mediators of 
176-estradiol and progestin action to influence en- 
dometrial epithelial cell mitosis secondarily.**”° 

Our findings on the effects of 17f-estradiol and 
medroxyprogesterone acetate on DNA synthesis in cul- 
tured endometrial epithelial cells may provide the basis 
for identifying the mechanism(s) by which estrogen and 
progestin regulate cellular proliferation of endometrial 
glands during the menstrual cycle. Because human 
endometrial epithelium in culture comprises both stem 
cells and terminally differentiated cells, the incorpora- 
tion of tritiated thymidine in the face of constant DNA 
content 1n the entire culture may represent cellular 
proliferation in one population with concomitant cell 
death in another. Possibly the removal of endometrial 
glands from the tonic inhibitorv influence of the stro- 
mal cell compartment allows maximal cellular prolifer- 
ation of endometrial epithelial cells that cannot be 
increased further by 17f-estradiol. 


We thank Bobbie Mayhew, Bettie Sylvester, and 
Charles Kresge for expert technical assistance. 
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8-Carotene levels in exfoliated cervicovaginal epithelial 
cells in cervical intraepithelial neoplasia and 


cervical cancer 
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OBJECTIVE: The purpose of this study was to measure £-carotene levels in exfoliated epithelial 
cervicovaginal cells collected by a lavage technique in normal women and patients with 
histopathologically diagnosed cervical intraepithelial neoplasia and cervical cancer. 

STUDY DESIGN: In a cross-sectional sampling of women {n = 105), cervicovaginal cells and plasma 
B-carotene levels were assayed with high-pressure liquid chromatography. In addition, B-carotene levels 
were measured in exfoliated epithelial samples of cervicovaginal cells obtained from women (n = 24) 
enrolled in an ongoing oral B-carotene supplementation clinical trial. 

RESULTS: Cervicovaginal cells and plasma B-carotene levels were found to be significantly decreased in 
women with cervical intraepithelial neoplasia and cervical cancer as compared with controls {p < 0.0001, 
analysis of variance). Retinol levels in cervicovaginal cells were undetectable. The B-carotene levels in 
cervicovaginal cells were markedly increased in the majority of patients (79%) after oral supplementation 
as compared with baseline levels in women enrolled in the B-carotene clinical trial. 

CONCLUSION: The study demonstrates that changes of in situ cellular 8-carotene concentrations are 
measurable in samples of exfoliated epithelial cells obtained by a noninvasive saline lavage harvesting 
technique. The current findings further support our previous hypothesis that B-carotene deficiency may 
have an etiologic role in the pathogenesis of cervical intraepithelial neoplasia and/or cervical cancer. (Av 


J Osster Gyneco 1992;167:1899-903.) 


Key words: 6-Carotene, exfoliated cells, abnormal Papanicolaou smears, cervical 


intraepithelial neoplasia, cervical cancer 


Epidemiologic data suggest that increased dietary 
intake of yellow and green leafy vegetables and fresh 
fruits, rich in antioxidant vitamins, may reduce the risk 
of certain malignancies.'* This has provoked a consid- 
erable interest in B-carotene as a potential chemopre- 
ventive agent.” We have been studying the role of diet 
and nutrition, particularly $-carotene, in the cause, 
pathogenesis, and prevention of cervical dysplasias and 
cancer.* 7 Although measurements of dietary intake and 
serum levels of B-carotene have proved useful in epi- 
demiologic assessments, cellular levels of B-carotene 
and other carotenoids in the human uterine cervix have 
never been assayed. While human tissue availability is 
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often restricted, tissue concentrations are more indica- 
tive of metabolic changes than are serum levels or 
dietary estimates alone. Stich et al. reported low levels 
of B-carotene in buccal mucosal cells, obtained by buc- 
cal scrapings, in patients at risk for oral cancer. Here we 
report a standardized high pressure liquid chromatog- 
raphy method to measure B-carotene levels in exfoli- 
ated epithelial cells and the changes observed in ß- 
carotene concentration in women with cervical intraep- 
ithelial neoplasia and cervical cancer. 


Methods 

Subject population. The protocol was approved by 
the institutional review board. One hundred five non- 
pregnant women were recruited and gave informed 
consent. Ninety-five subjects were enrolled from the 
general gynecology and colposcopy clinics of the Bronx 
Municipal Hospital Center in New York City, and 10 
patients with histopathologically diagnosed invasive 
cervical cancer were recruited from the Weiler Hospital 
of the Albert Einstein College of Medicine. Women with 
normal Papanicolaou smears were recruited from the 
general gynecology clinic. Women with abnormal Papa- 
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nicolaou smears were referred to the colposcopy clinic 
and underwent colposcopic examinations. Colposcopi- 
cally directed punch biopsy specimens were obtained 
from any visualized lesions, Biopsy tissue specimens 
were submitted to staff pathologists for histopathologic 
interpretation. In addition, the B-carotene concentra- 
tions in 24.women enrolled in an ongoing clinical! trial 
of B-carotene oral supplementation were analyzed. All 
subjects completed a brief epidemiologic questionnaire. 
In the current study we did not carry out detailed 
dietary survey (except in the clinical trial). However, all 
blood samples were drawn in the morning. Further- 
more, in the recruitment of controls and cases, all 
subjects were recruited from the same catchment area 
with similar socioeconomic backgrounds representing a 
fairly homogeneous population group. Because of the 
nature of the ongoing clinical trial it was not permitted 
to break the codes of the enrolled patients. The demo- 
graphics and the socioeconomic and nutritional back- 
grounds of the subjects, as possible confounding vari- 
ables, were not investigated. 

Collection of exfoliated epithelial cervicovaginal 
cell samples and peripheral venous blood. A 10 ml 
peripheral venous blood sample was obtained from 
each study patient when recruited. To obtain the cer- 
vicovaginal lavage specimens, 10 ml of saline solution 
was flushed onto the cervix with a disposable syringe, 
and the solution, which was collecting in the postericr 
vaginal fornix, was aspirated. The aspirate samples 
containing the exfoliated cells were wrapped in alumi- 
num foil, coded, and promptly transported to the 
laboratory. Samples that were coniaminated with blood 
were discarded. The samples: of cervicovaginal cells 
were fractionated on a Ficoll gradient to separate leu- 
kocytes, erythrocytes, mucus, and other contaminants. 
For cell counting purposes, 20 Ll of trypan blue was 
added to an aliquot of 20 wl purified samples of 
cervicovaginal cells. The number of cells was counted 
with a hemacytometer. Cervicovaginal cell counts are 
reported as number of cells per milliliter. An average of 
4 x 10° cells were routinely collected by the lavaze 
method. 

B-Carotene supplementation clinical trial. To de- 
termine the possible significance of B-carotene levels in 
cervicovaginal cells and any correlation with plasma 
levels, we obtained cervicovaginal cells and plasma 
samples, under assigned code rumbers, from part:ci- 
pating subjects {n = 24) enrolled in an ongoing pro- 
spective, double-blind, placebo-controlled, clinical 
study of women with histopathologically diagnosed 
moderate dysplasia (grade 2 cervical intraepithelial 
neoplasia). A daily oral dose of 39 mg of B-carotene was 
administered for a period of 6 weeks. 8-Carotene levels 
in samples of cervicovaginal cells and in peripheral 
plasma were analyzed with high performance liquid 
chromatography. $ 
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Extraction and determination of $-carotene and 
retinol. An aliquot (3 ml) of the cervicovaginal cells 
specimen was centrifuged at 800g for. 10 minutes. To 
the cell pellets, 1 ml of distilled water and 0.5 ml of 
ethanol were added and then hydrolyzed with 6% po- 
tassium hydroxide in methanal at 60° C for 20 minutes. 
8-Carotene and retinol levels in cervicovaginal cells and 
plasma samples were measured by high pressure liquid 
chromatography as previously described.’ Briefly, the 
hydrolyzed cell sample or an aliquot of 300 pl of plasma 
was -extracted with 500 pl of ethanol and 2.0 ml of 
n-hexane containing 0.025% butylated hydroxytoluene. 
The residue of the hexane layer, after evaporation 
under nitrogen, was redissolved in 300 pl of ethanol 
containing 0.025% butylated hydroxytoluene. Aliquots 
of 100 ul and 40 ul freshly extracted samples were used 
to assay B-carotene levels of cervicovaginal cells and 
plasma, respectively. These aliquots were injected into a 
reverse-phase C-18 Nova-pack column (4 wm) and 
eluted with acetonitrile/methylene chloride/methanol 
(75: 20:5) at a flow rate of 1.5 ml/min, with monitoring 
at 450 nm. For the retinol analysis, again 100 pl and 
40 ul of each previously extracted sample were injected 
into a C-18 column equilibrated with a mixture of 
methanol/water (97.5:2.5) and eluted at a flow rate of 
1.5 ml/min, with monitoring at 325 nm. All procedures 
were performed in subdued or gold light. Results were 
calculated with the use of peak areas of the compound 
over the peak areas of the external standard. The 
coefficient of variation for all repeat analyses was < 8% 
and the percentage recovery for B-carotene was 81%. 

Histopathologic examination. Tissue specimens 
were coded and submitted to staff pathologists who 
were unaware of the clinical status and the biochemical 
findings of the study participants. 

Statistics. When the biochemical analyses were com- 
pleted, codes were broken and associations were sought 
between the different groups. Cervicovaginal cell and 
plasma B-carotene levels were compared in women with 
normal cytologic results, various grades of cervical in- 
traepithelial neoplasia, and cervical cancer. In addition, 
cervicovaginal cell 8-carotene levels, at baseline and 
after oral B-carotene supplementation, were compared 
in women recruited from the clinical trial. The statistical 
methods used were the Student t test and one-way 
analysis of variance. 


Results 


Of the total of 105 subjects studied, 26 had negative 
cytologic results, regular menstrual cycles, and no 
known gynecologic dysfunction, and they constituted 
the control group. Seventv-nine women had abnormal 
cytologic results and they underwent colposcopy; col- 
poscopically directed biopsy specimens were obtained. 
Of the 79 patients, 34 were diagnosed as having “no 
significant pathology” (no evidence of cervical intraep- 
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Table I. Age and cervicovaginal cell count in women with and without cervical dysplasias and cancer 


Age 
Group (yr, mean + SD) 


Cell count : 
(10° cells/ml, mean + SD) 


Normal 29.9 + 8.7 (n = 23) 0.99 + 0.84 (n = 26) 
“No significant pathology” 29.4 + 9.0 {n = 30) 0.50 + 0.34 (n = 34) 
Cervical intraepithelial neoplasia 
Grade 1 23.5 + 7.3 (n = 16) 0.79 + 0.69 (n = 16) 
Grade 2 25.9 + 7.0 {n = 13} 0.57 + 0.44 {n = 14) 
-Grade 3 30.0 + 5.6 {n = 5) 0.71 + 0.59 (n = 5) 
Cancer 53.4 + 14.8 (n = 10) 1.04 + 1.56 (nm = 10) 
Significance* p < 0.001 NS 


*By analysis of variance. 


Table II. Cervicovaginal cell and plasma B-carotene levels in controls and patients with cervical dysplasias 


. and cancer 


Groups 


Normal 
“No significant pathology” 
Cervical intraepithelial neoplasia 
Grade 1 
Grade 2 
Grade 3 
Cancer 


Cervicovaginal cells 
(ng/10° cells, mean + SD) 


6.90 + 5.7 (n = 26) 
4.43 + 5.0 (n = 34) 


pond rowed med frend 
co oS be OO 


It It I+ H 


Oo om OO 


B-Carotene 


Plasma 
(ug/dl, mean + SD) 


31.1 + 9.6 (n = 28)* 
18.3 + 13.7 (n = 24) 


1.5 (n = 16) 17.3 + 8.6 (n = 16) 

Ll (n = 14) 13.3 + 6.3 ( = 10) 

0.8 (n = 5) 7.0 + 2.3 (n = 5) 

1.4 (n = 10) 13.0 + 8.9 (n = 10) 
p < 0.0001 p < 0.001 


Significancet 


*Reference 7. 
tBy analysis of variance. 


ithelial neoplasia). Among the remaining 45 patients, 
16 specimens were histopathologically classified as 
grade l cervical intraepithelial neoplasia, 14 as grade 2 
‘cervical intraepithelial neoplasia, 5 as grade 3 cervical 
intraepithelial neoplasia, and 10 had invasive cervical 
cancer. 

Table I presents the age and cell count in the differ- 
ent groups. The age of the study population ranged 
from 16 to 69 years. Women with cervical cancer were 
comparatively older (p < 0.001). The number of exfo- 
liated epithelial cells was comparable among the 
groups. 

Table If demonstrates the mean levels of B-carotene 
in cervicovaginal cells and plasma in the different 
groups. The mean cervicovaginal cell and plasma B-car- 
otene levels were significantly lower in women with 
cervical intraepithelial neoplasia and in patients with 
‘cervical cancer as compared with those of controls 
(p < 0.0001 and 0.001, respectively, by analysis of vari- 
ance). Additionally, cervicovaginal cell B-carotene levels 
in patients with various grades of cervical intraepithelial 
neoplasia (1, 2, or 3) and cervical cancer were signifi- 
cantly lower as compared with levels in both the normal 
and the “no significant pathology” groups (p < 0.05, 
by Student ¢ test). The mean range of plasma B-caro- 


tene in normal women was comparable to that previ- 
ously described.’ There was no statistically significant 
difference between the normal and “no significant pa- 
thology” groups. Retinol was not detectable in the 
samples of cervicovaginal cells assayed. Plasma retinol 
levels were not significantly different among the differ- 
ent groups (data not shown). . 

Table III illustrates the effect of oral supplementation 
with B-carotene in a limited number (n = 24) of indi- 
viduals. The B-carotene levels in exfoliated cervicovag- 
inal cells and plasma were assayed without breaking the 
randomized code assignments. Of 24 women with sig- 
nificant elevations in plasma ®-carotene levels, 19 sub- 
jects (79%) had markedly high levels of 8-carotene in 
exfoliated cervicovaginal epithelial cell samples and 5 
women (21%) had no significant change. 


Comment 


There are special circumstances in the woman that 
offer a unique opportunity to investigate the role of diet 
and nutrition in the natural history of intraepithelial 
neoplasia.” '° The anatomic accessibility of the cervix 
and the usefulness of the Papanicolaou smear and 
colposcopy enable the screening and identification of 
asymptomatic women who may be at risk and have a 
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Table HI. 8-Carotene levels in cervicovaginal 
cells and plasma of patients 
supplemented with B-carotene 





B-Carotene 












Cervicovaginal 
(ng/10° cells) 
Patent 
15 15.4 16.9 10.8 141.4 
26 1.4 34.1 25.0 119.7 
27 9.4 69.1 18.0 159.3 
29 34.0 43.1 34.0 204.6 
30 2.4 19.1 7.5 46.9 
44 9.4 9.9 18.0 214.8 
45 1.1 8.0 15.0 226.9 
47 0.0 5.8 15.0 45,0 
57 6.6 0.0 13.0 154.7 
61 1.5 16.8 0.0 650.0 
62 1.6 32.5 20.0 283.2 
69 1.1 16.5 15.0 460.1 
73 15.4 10.0 10.8 261.4 
84 34.0 48.0 54.0 454.1 
91 0.0 11,7 19.3 83.4 
98 0.0 18.0 73.0 369.6 
99 0.0 4.5 12.0 351.6 
102 3.7 10.8 45.0 103.7 
105 0.0 24.9 35.0 107.4 
116 0.0 77.3 27.0 310.4 
119 15.0 14.0 46.0 214.3 
124 4.5 19.5 352.0 234.3 
126 0.0 17.8 100.0 71.7 
127 0.0 26.2 24.0 231.0 


preneoplastic cervical lesion. In a previously conducted 
case-control nutritional survey, we observed a decrease 
in dietary intake of B-carotene in women with severe 
cervical dysplasia. '' In a subsequent follow-up study we 
demonstrated a significant decrease in plasma ß- 
carotene levels in women with cervical intraepithelial 
neoplasia and cervical cancer.® 7 Here we report signif- 
icantly decreased levels of B-carotene in exfoliated cer- 
vicovaginal epithelial cells in women having histopatho- 
logically diagnosed cervical intraepithelial neop.asia 
and cervical cancer as compared with those of controls. 
The decrease in ßB-carotene concentration in exfoliated 
cervicovaginal epithelial cells in patients histopatholog- 
ically diagnosed as having dysplasia supports our pre- 
vious hypothesis that a deficiency of ß-carotene, and 
possibly other antioxidants, may have an etialogic 
role in the pathogenesis of cervical intraepithelial neo- 
plasia and/or cervical cancer. The decreased plasma 
B-carotene levels, detected in the current study, confirm 
our previous observations.® ’ 

The current study is of interest because all women 
who received 8-carotene oral supplementation in an 
ongoing clinical trial had an increase in plasma levels of 
B-carotene. Moreover, of 24 women, 19 (79%) had an 
increase in cervicovaginal B-carotene levels, whereas 5 
women (21%) had no significant change in exfoliated 
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cell levels in spite of a relatively large intake of B- 
carotene. Although no quantitative correlation was ob- 
served between cellular and plasma f-carotene levels, 
the majority of women who received oral B-carotene 
supplementation had an elevation in cervicovaginal cell 
B-carotene levels in addition to the increase in plasma 
levels. Different mechanisms may exist for maintaining 
intracellular B-carotene homeostasis and exfoliated ep- 
ithelial cells collected from the cervix or vagina may not 
directly reflect B-carotene concentrations found in 
plasma. It should also be noted that although all the 
women in the B-carotene clinical trial received the same 
oral dose (30 mg/day), the magnitude of the increase in 
cervicovaginal B-carotene levels varied between individ- 
uals. Considerable variations in serum and exfoliated 
oral mucosa cell B-carotene levels, after short-term 
administration of §-carotene, have been previously re- 
ported.'* This is not surprising because individual in- 
tracellular concentrations may be influenced by dietary 
intake and absorption and zhe basal cellular concentra- 
tions of B-carotene as well as tissue stores. 

It is noteworthy that retinol levels were undetectable 
in the samples of cerviccvaginal cells. Normally, B- 
carotene is converted by the enzyme dioxygenase to two 
molecules of retinol chiefly in the intestine but perhaps 
also in some other organs.'* ‘* The finding in the 
current study of undetectable retinol levels in exfoliated 
cervical cells suggests that in the human cervix ß- 


carotene may not be metabolized to retinol. The results 


presented do not reveal the underlying mechanism. 
However, whether the function of B-carotene in cervical 
epithelial cells is independent of its established role as 
a precursor for retinol remains to be further investi- 
gated. 

In 1981, Peto et al.” hypothesized that B-carotene, 
per se, may have biologic antitumor properties. Since 
then, several epidemiologic and nutritional studies 
have consistently implicated B-carotene as a poten- 
tial chemopreventive agent for certain types of can-. 
cer.’* 1'998 Cross-sectional and prospective studies have 
identified significant decreases in plasma levels of B- 
carotene in patients with cancers of the lung, esopha- 
gus, stomach, small intestine, colon, breast, and cer- 
vix.'°*? Currently, there is a heightened interest in the 
role of antioxidant vitamins that are capable of neutral- 
izing free radicals and highly reactive oxygen species. It 
is conceivable that B-carotene can protect against free 
radical-mediated lipid peroxidation and carcinogen- 
induced gene mutations.**° B-Carotene is one of the 
most efficient antioxidants of all the known carotenoids 
and is considered to be the most potent quencher of 
singlet oxygen known in nature.” It has been postu- 
lated that the molecule has antimutagenic, anticarcino- 
genic, and immunoenhancing properties.*” ” However, 
in spite of the current progress in molecular biology, 
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little is known concerning the mechanism(s) involving 
antioxidants and oncogenesis. 

We previously reported the usefulness of a lavage 
sampling of exfoliated cervicovaginal epithelial cell 
samples in detecting human papillomavirus by molec- 
ular hybridization.” The significance of this report is 
the ability to measure cellular levels of B-carotene in 
exfoliated cells retrieved by a simple lavage technique. 
B-Carotene levels in cervicovaginal cells may reflect 
and/or provide insight into in situ cervical tissue con- 
centrations. The ability to assay ®-carotene and possibly 
other antioxidants in exfoliated epithelial cervicovagi- 
nal cells provides. the opportunity to noninvasively 
monitor intracellular antioxidant concentrations and 
evaluate efficacy of nutrient intervention clinical trials. 
The simultaneous’ coordinated investigation of viro- 
logic and biochemical parameters of exfoliated cervico- 
vaginal epithelial cells in conjunction with known epi- 
demiologic risk variables offers a useful system to elu- 
cidate interactive factor(s) that may promote or inhibit 
cervical carcinogenesis. 


We thank Sara Klein, Andrew Fusina, and Tina Ca- 
lamari for their assistance. The cooperation of New 
York City Health and Hospital Corporauon, Bronx, 
N.Y., is acknowledged. 
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Factors influencing the exfoliation of cervicovaginal 


epithelial cells 


Jayasri Basu, PhD, Magdy S. Mikhail, MD, Prabhudas R. Palan, PhD, 
Patricia H. Payraudeau, MD, PhD, and Seymour L. Romney, MD 


Bronx, New York 


OBJECTIVE: Our objective was to investigate the association of smoking and exfoliation of cervicovaginal 
epithelial cells while controlling for otrer factors that may potentially influence cell exfoliation (e.g., 
presence of cervical intraepithelial neoplasia or koilocytes, the use of oral contraceptives, age, and the 


phase of the menstrual cycle). 


STUDY DESIGN: Cervicovaginal lavage specimens and epidemiologic questionnaires were obtained with 
informed consent from 190 women. The cervicovaginal lavage samples were processed to separate other 
contaminants. The number of squamous epithelial cells courted was expressed as cells per milliliter of 


lavage. 


RESULTS: Multiple linear regression analysis revealed that the number of exfoliated epithelial cells was 
significantly higher in smokers (p < 3.01) and also in women with cervical intraepithelial neoplasia 


(p < 0.05). The other studied variables had no detectable effect. 


CONCLUSION: The findings suggest that smoking or the presence of cervical intraepithelial neoplasia 
may induce an acceleration in the exfoliation of cervicovaginal epithelial cells. This may alter cell 
maturation and may be a factor in the oncogenic process. (Am J Osstet Gynecot 1992;167:1904-9.) 


Key words: Cigarette smoking, cervical intraepithelial neoplasia, lavage technique, cell count, 


cervical cancer risk factors 


Cigarette smoking is a recognized risk factor for the 
development of cervical cancer."* The mechanism(s) 
whereby smoking exerts its carcinogenic effect(s), how- 
ever, remains unclear. We have previously demon- 
strated that smoking, in normal women, increases the 
number of exfcliated cervicovaginal epithelial cells.° In 
this study we investigated the association of smoking 
and exfoliation of cervicovaginal epithelial cells while 
controlling for other factors that may potentially influ- 
ence cell exfoliation (e.g., the presence of cervical 
intraepithelial neoplasia, the presence of koilocytes, the 
use of oral contraceptives, age, and the phase of the 
menstrual cycle). 


Material and methods 

Subject recruitment. A cross-sectional sample of 
women. attending the Women's Health Center and the 
colposcopy clinics of the Bronx Municipal Hospital 
Center in New York City was studied. All subjects were 
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oriented to the nature of the study before any exami- 
nation was carried out. Women were considered eligible 
if they were 15 to 50 years old, were not menstruating 
on the day of the clinic visit, and had a regular men- 
strual cycle of approximately 28 days. A total of 190 
women were recruited with informed consent. Of these, 
145 women had an abnormal Papanicolaou smear and 
colposcopically visualized cervical lesion(s), with biopsy 
under colposcopic direction. The remaining 45 women 
had two consecutive negative Papanicolaou smears and 
had no gynecologic disorders. 

Cervicovaginal lavage samples were collected during 
pelvic examination after a Papanicolaou smear was 
obtained. For women attending the colposcopy clinics, 
each sample was collected before the application of 
acetic acid for colposcopy and before a colposcopically 
directed biopsy was perzormed. Samples were obtained 
from each participant by a method previously de- 
scribed.’ Briefly, the cervix was lavaged with 10 ml 
normal saline solution, and the lavage fluid collected in 
the posterior vaginal fornix was aspirated. If the lavage 
sample was blood contaminated, the sample was dis- 
carded and the woman was not included in the study. 

On the day of the clinic visit a self-administered study 
questionnaire including questions regarding age, parity, 
date of last menstrual period, contraceptive practices, 
and smoking history (the number of cigarettes smoked 
per day and years of smoking) was completed by each 
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participant. Coded cervicovaginal lavage samples were 
transported to the laboratory within hours of sample 
collection. The study protocol was approved by the 
institutional review board. 

Processing of lavage samples. In the laboratory 
coded cervicovaginal lavage samples were processed the 
same day, without the laboratory having knowledge of 
the clinical findings. Each sample was thoroughly 
mixed and layered on Ficoll Paque gradient. Each 


gradient mixture was centrifuged at 1200g for 15 min-’ 


utes at room temperature. The top layer consisting of 
cervical mucous, leukocytes, and other cellular contam- 
inants was discarded. The supernatant above the bot- 
tom pellet was aspirated, taking precaution not to 
disturb the cell pellet. The cell pellet was then slowly 
suspended in 0.9% sodium chloride with a vortex. The 
suspension was centrifuged at 800g for 5 minutes. The 
pellet was finally resuspended in a known volume of 
0.9% sodium chloride solution. An aliquot was taken 
and mixed with equal volumes of 0.6% Trypan blue. 
The mixture was dispended into a Neubeuer hemacy- 
tometer. The squamous epithelial cells distributed in 
the four corner squares were counted. Cell counts were 
expressed as number of cells x 10° per milliliter lavage. 

Histopathologic diagnosis. Cervical biopsy speci- 
mens were diagnosed by staff pathologists. The histo- 
pathologic diagnoses and the data involving the pres- 
ence of koilocytes were retrieved from the pathology 
reports. 


Statistical analyses. After the cell counts were com- 


pleted and the data from the pathology reports were 
made available, the codes were broken. Epidemiologic, 
histopathologic, and cell count data were entered in the 
computer as continuous variables with a statistical pack- 
age, Abstat, rel 5.08 (Anderson Bell). Multiple linear 
regression analysis® was performed to investigate any 
association between the number of exfoliated cervico- 
vaginal epithelial cells and smoking, while controlling 
for potential confounders (e.g., the presence of cervical 
intraepithelial neoplasia, the presence of koilocytes, the 
use of oral contraceptives, age, and the phase of the 
menstrual cycle). With the identification of cervical 
intraepithelial neoplasia or smoking as outcomes, the 
mean number of exfoliated cervicovaginal cells and 
variances of the various morphologic groups were also 
compared with one-way analysis of variance. In a sepa- 
rate analysis smoking and the severity of cervical in- 
traepithelial neoplasia were considered as outcomes, 
and the cell count data were used as independent 
variables. In a subset of normal nonsmoking women, 
the Student’s ¿ test was used to determine the compar- 
ative effects of age (above and below the median value), 
phase of the menstrual cycle, use of oral contracep- 
tives, and the presence of koilocytes on the number of 
exfoliated epithelial cells. 


. Exfoliation of cervicovaginal epithelial celis 1905 


Results 


Of the 190 enrolled subjects, 45 had two consecutive 
negative Papanicolaou smears, regular menstrual cy- 
cles, and no gynecologic dysfunction; they constituted 
the control group. Of the 145 women with abnormal 
Papanicolaou smears who underwent colposcopically 
directed biopsies, 50 were histopathologically diag- 
nosed as having no significant abnormality without any 
evidence of cervical intraepithelial neoplasia. These 50 
women were categorized in a separate group. The 
remaining 95 women were histopathologically diag- 
nosed as having cervical intraepithelial neoplasia of 
graded severity: grade 1 (n = 31), grade 2 (n = 38), or 
grade 3 (n = 26). The age of the subjects in the study 
ranged from 15 to 50 years, the median being 27. 

The epidemiologic characteristics of the study sub- 
jects presented in Table I emphasize the equal distri- 
bution of women in the “no cervical intraepithelial 
neoplasia” and “cervical intraepithelial neoplasia” 
groups. Sixty-nine of the 190 women were smokers. 
Analysis of smoking histories revealed that all smokers 
were currently smoking up to the date of recruitment, 
whereas all nonsmokers reported that they had never 
smoked. Of the 145 women who had cervical biopsies, 
88 were noted to have koilocytes on histopathologic 
examination. Forty-six women in the study were oral 
contraceptive users, using Ortho Novum 1/35 or 777 
for a period of 26 months. Ninety-six women were in 
the follicular phase of the menstrual cycle, and 94 
women were in the luteal phase. 

The results of multiple linear regression analysis, 
which is presented in Table II, reveal that smoking and 
the presence of cervical intraepithelial neoplasia have’ 
independent associations with the number of exfoliated 
cervicovaginal epithelial cells, whereas the remaining 
studied variables had no effect. Smokers on average 
smoked &.9 + 5.0 cigarettes per day for 10.0 + 7.2 
years. The number of cigarettes smoked and the years 
of smoking varied from 2 to 30 per day and from 2 to . 
40 years, respectively. Because of the limited number of 
smokers without cervical intraepithelial neoplasia 
(n = 33) in this study, any correlation between the 
intensity or duration of smoking and the number of 
exfoliated cervicovaginal epithelial cells could not be 
determined. : j 

The effects of smoking and cervical intraepithelial 
neoplasia on the exfoliation of cervicovaginal epithelial 
cells among women with various cervical morphologic 
conditions are compared in Table II. The table illus- 
trates that in women without cervical intraepithelial neo- 
plasia the mean cell counts of the nonsmoker groups 
were consistently lower than those of the smokers. The 
number of exfoliated cells in normal healthy nonsmoker 
women was 0.58 + 0.33 x 10° cells per milliliter of la- 
vage compared with 1.05 + 1.18 x 10° cells per milli- 
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Table I. Population characteristics on basis of cervical status 


No cervical 
intraepithehal 





Variables 
Nonsmoker 62 65.2 
Smoker 33 34.8 
Koilocyte-negative 67 70.5 
Koilocyte-positive 28 29.5 
Oral contraceptive nonusers 75 78.9 
Oral contraceptive users 20 Alas 
Age $27 yr 43 45.3 
Age >27 yr 52 54.7 
Last menstrual period <14 days `> 45 47.3 
Last menstrual period > 14 days 50 52.7 


Group 


Cervical intraepitheltal neoplasia 


20 64.5 24 63.1 15 57.7 
11 35.5 14 36.9 11 42.3 

8 25.8 l4 36.9 13 50.0 
23 74.2 24 53.1 13 50.0 
18 58.0 30 78.9 21 80.7 
13 42.0 8 21.1 5 19.3 
20 64.5 22 57.8 I] 42.3 
11 35.5 16 42.2 15 57.7 
15 48.3 24 33.1 12 46.1 
16 51.7 14 36.9 14 53.9 


Table II. Comparison of number of exfoliated cells among smokers and women with cervical intraepithelial 


neoplasias: Results of multiple linear regression analysis 


Regression Standard error 
coefficient of coefficient 


Variables p Value 
Age — 0.1321 0.1232 0.2848 
Last menstrual period < 14 days 0.2166 0.1194 0.0713 
Cervical intraepithelial neoplasia 0.1188 0.0546 0.0308 
Smoking 0.3086 0.1255 0.0149 
Oral contraceptive 0.1603 0.1438 0.2664 
Koilocytosis — 0.0891 0.1235 0.4712 


Table III. Comparison of effects of smoking 
and cervical epithelial neoplasia on 
exfoliation of cervicovaginal 

epithelial cells 










Mean cell 
count (cells x 
10%nl) 


Normal nonsmoker 30 0.58 0.33 
Normal smoker 15 1.05 1.18 
No significant patho- a2 0.64 0.57 
logic conditions, 
nonsmoker 
No significant patho- 18 1.40 1.09 
logic conditions, 
smoker 
Cervical intraepithelial 59 1.15 0.94 
neoplasia non- 
smoker 
Cervical intraepithelial 36 1.10 0.64 


neoplasia smoker 
p value by analysis of 


variance 


< 0.0001 


liter of lavage from normal healthy smokers. The num- 
bers of cells retrieved from nonsmokers and smokers 
with no significant pathologic conditions were 0.64 + 
0.57 x 10° and 1.40 + 1.09 x 10° cells per milliliter of 


lavage, respectively. In women with cervical intraepithe- 
lial neoplasia, however, the mean cell counts of the 
nonsmoker and smoker groups were comparable, 
being 1.55 + 0.94 x 10° and 1.10 + 0.64 x 10° cells 
per milliliter of lavage, respectively. The results are 
graphically represented in Fig. 1. 

The combined effects of smoking and the severity of 
cervical intraepithelial neoplasia on the number of 
exfoliated cervicovaginal cells are shown in Fig. 2. In 
the nonsmoker group the number of exfoliated cells in 
each of the groups of women with cervical intraepithe- 
lial neoplasia (1.09 + 0.88 x 10° cells per milliliter of 
lavage for cervical intraepithelial neoplasia, 1.16 + 
0.94 x 10° cells per milliliter of lavage for grade 2, and 
1.20 + 1.04 x 10° cells per milliliter of lavage for 
grade 3, respectively) is significantly higher as com- 
pared with that of normal women (0.58 + 0.33 x 10° 
cells per milliliter of lavage) or those with no significant 
abnormality (0.63 + 0.57 x 10° cells per milliliter of 
lavage). The number of exfoliated cells among women 
having varying grades of cervical intraepithelial neopla- 
sia was comparable. Among smokers with cervical in- 
traepithelial neoplasia the cell counts (1.21 + 0.63 x 
10° cells per milliliter of lavage for grade 1, 1.12 + 
0.79 x 10° for grade 2, and 0.95 + 0.39 x 10° for 
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Fig. 1. Effects of smoking and cervical intraepithelial neoplasia (CIN) on exfoliation of cervicovaginal 
epithelial cells of study population. NSP No significant pathologic conditions. 
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Fig. 2. Effects of smoking and severity of cervical intraepithelial neoplasia (CIN) on exfoliation of 
cervicovaginal epithelial cells. NSP, No significant pathologic conditions. 


grade 3) tended to decrease with an increase in the 
severity of cervical intraepithelial neoplasia. However, 
this effect was not statistically significant. Among smok- 
ers without cervical intraepithelial neoplasia the cell 
counts were 1.05 + 1.18 x 10° and 1.40 + 1.09 x 10° 
cells per milliliter of lavage for normal healthy women 
and women having no significant pathologic conditions, 
respectively. 

Fig. 3 depicts that in nonsmokers without cervical 
intraepithelial neoplasia (1) the number of exfoliated 
cells observed among women above or below the, me- 


dian age of 27 years was comparable, (2) the cervico- 
vaginal cell count of women in the follicular phase of 
the menstrual cycle was similar to that found in the 
luteal phase, (3) the number of exfoliated cells did not 
differ between users and nonusers of oral contracep- 
tives, and (4) the cell counts of women having koilocytes 
were comparable to those of women without. 


Comment 


This study confirms our previous findings that in 
normal healthy women smoking significantly increases 
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Fig. 3. Effects of age, phase of menstrual cycle, oral contraception (OC), and presence of koilocytes 
on exfoliation of cervicovaginal epithelial cells in nonsmoker women. LMP, Last menstrual period. 


the number of exfoliated cervicovaginal epithelial cells.° 
Furthermore, these findings demonstrate that the pres- 
ence of cervical intraepithelial neoplasia is an addi- 
tional independent factor associated with an acce_era- 
tion of the exfoliation of cervicovaginal epithelial cells 
(Table II). As evident from Fig. 1, the stimulatory 
effects of smoking and the presence of cervical iatra- 
epithelial neoplasia on the exfoliation of cervicovaginal 
epithelial cells are comparable. These two factors in 
combination, however, were found not to have any 
additive effect. Because of the limited number of 
women in each of the cervical intraepithelial neoplasia 
groups, the effect(s) of an increase in the severity of the 
disorder on the exfoliation process could not be deter- 
mined. Because the number o7 smokers without cervical 
intraepithelial neoplasia in the study was also limited 
(n = 33), any correlation between the intensity or du- 
ration of smoking with the number of exfoliated epi- 
thelial cells, although desirable, could not, however, be 
examined. Our data further reveal that the number of 
exfoliated epithelial cells wes not influenced by age, 
phase of the menstrual cycle, use of oral contraceptives, 
or the presence of koilocytes (Fig. 3). Although the 
presence of koilocytes in cervical biopsy tissues often 
correlates with an infection with human papillomavirus, 
the relationship is not specific and koilocytosis can be 
present in other conditions.? We therefore are unable to 
make conclusions regarding the effect of human papil- 
lomavirus infection on the exfoliation of cerviccvaginal 
epithelium. 

The effect of cigarette smoking on the exfoliation of 
surface epithelium has extensively been investigated in 
the lung. The number of cells lavaged from the lungs of 
smokers, as reported by Harris et al.,'° was fourfold 
higher than those obtained from nonsmokers, <elthough 
the percentage of viable cells between the smoker and 


‘cells from free radical mediated lipid peroxidation 


nonsmoker groups was not significantly different. Sim- 
ilar increases in the number of cells retrieved by bron- 
chial lavage in smokers compared with nonsmokers has 
also been reported by other investigators." 

The association of smoking with cervical cancer was 
first postulated by Winkelstein.'* Since then a number 
of epidemiologic studies have demonstrated an in- 
creased risk for both preinvasive and invasive cervical 
cancer among smokers.'** The carcinogenic effect(s) of 
cigarette smoke on the cervix has been further impli- 
cated by studies that have detected cotinine, nicotine, 
and mutagenic activity in the cervical mucous of smok- 
ers.'*** The mechanism(s) whereby tobacco constituents 
exert their carcinogenic effect(s) still remain poorly 
understood. Nicotine and cotinine have been reported 
to be selectively accumulated in the cervical mucous 
against a serum concentration gradient.” Although 
nicotine has not been found to possess carcinogenic 
properties,” the presence of high local concentrations 
of nicotine in cervical mucous membrane has been 


- suggested to lower the immunologic defense(s) of the 


cervix and render it more susceptible to human papil- 
lomavirus infection.” 

We have previously reported that cigarette smoking 
significantly decreases plasma levels of antioxidant 
nutrients, particularly that of ascorbic acid® *® *” and 
B-carotene.”” ** Antioxidants conceivably protect the 
28, 30 
and have been found to be deficient in women with 
cervical dysplasia and invasive cervical cancer.*'*° In the 
current study the finding of increased exfoliation of 
cervicovaginal epithelial cells in smokers and in women 
with cervical intraepithelial neoplasia suggests that 
smoking or the presence of cervical intraepithelial neo- 
plasia may induce an acceleration in the exfoliation of 
cervicovaginal epithelial cells. The increased rate of 
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epithelial exfoliation may reflect a disorder in cell 
maturation. Such cumulative adverse effects of smoking 
persisting over a prolonged period of time may be a 
component of the oncogenic process. 

We have standardized a technique to separate cervi- 
covaginal epithelial cells from contaminants present in 
cervicovaginal lavage, including mucus, bacteria, leuko- 
cytes, and erythrocytes. This technique can provide an 
accurate cell count of exfoliated epithelial cells. The 
purified pellet can also be used for viral and. biochem- 
ical determinations. Cervicovaginal lavage thus pro- 
vides an opportunity to use a simple, painless, nonin- 
vasive mode of sampling of cervicovaginal cells and 
cervical mucus, which can both be obtained in appre- 
ciable amounts. Exfoliated cervicovaginal epithelial 
cells, retrieved by saline solution lavage, are currently 


being used in prospective studies in conjunction with 
known epidemiologic, cytopathologic, biochemical, and 
virologic risk variables to provide insight into the pro- 
cess or mechanism(s) of cervical carcinogenesis. 


We thank Dona Gerardi for her help in generating 
the figures and tables, and Ana Martinez, Maria Chiodi, 
Tina Calamari and Andrew Fusina for their assistance 
in retrieving cytology and pathology reports. 
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‘LETTERS TO THE EDITORS 





Vascular resistance and the umbilical arterial 
velocity waveforms 

To the Editors: We read the article by Erkkola and 
Pirhonen (Erkkola RU, Pirhonen JP. Uterine and um- 
bilical flow velocity waveforms in normotensive and 
hypertensive subjects during the angiotensin II sensi- 
tivity test. AM J Ossrer GynecoL 1992;166:910-6) and 
are concerned by their use of a normal-umbilical, arte- 
rial blood velocity waveform as one basis for inferring 
that maternal angiotensin II infusion is “safe” and that 
it does not lead to a “deterioration of fetal well-being.” 
We write to caution JournaL readers against drawing 
conclusions related to fetal tolerance of maternal drug 
administration on the basis of umbilical arterial blood 
velocity waveforms. ` 

In experiments on fetal sheep the ratio of diastolic to 
systolic blood velocity in the umbilical artery is signifi- 
cantly correlated with fetal placental vascular resistance 
when resistance is increased by embolization with mi- 
crospheres.'* However, for a number of vasoactive 
agents (including angiotensin II), this relationship does 
not hold. In particular, we and others?” have shown that 
when angiotensin II is given directly to the fetus, large 
increases in placental vascular resistance (up to 16-fold) 
may occur because of intense vasoconstriction of the 
umbilical arteries.” Despite this increase, the flow pul- 
satility in the umbilical arteries remains unchanged. 

We believe the difference between the effects of 
vasoactive agents versus embolization arises from dif 
ferences in the site of action of these interventions.” 
Whereas embolization increases peripheral resistance in 
the placental microcirculation, vasoactive agents often 
involve alterations in the caliber of the long and highly 
muscular umbilical arteries.” This change in the char- 
acteristics of the umbilical artery results not only. in a 
change in resistance to mean flow but also in a change 
in the vascular impedance to pulsatile flow, an equally 
important determinant of umbil:cal blood flow pulsatil- 
ity.’ Although as yet unproved, the best evidence is that 
elevated peripheral resistance increases waveform pul- 
satility by increasing reflections of the arterial pulse 
wave from the placental microcirculation. Constriction 
of the umbilical artery leaves these reflections; and 
‘therefore. waveform pulsatility, unaffected or dimin- 
ished.” 

We conclude that even if angiotensin II ea to 
pregnant women does not affect the umbilical arterial 
waveform, it may still compromise fetoplacental blood 
flow. We caution that, given our current understanding 
of fetoplacental hemodynamics, it is hazardous to use 
flow pulsatility indexes derived from umbilical arterial 
blood velocity to test the effects of vasoactive agents on 
fetal placental vascular resistance. 

S. Lee Adamson PhD, Robert J. Marrow, MD, arid 
J-W. Knox Ritchie, MD 


Samuel Lunenfeld Research. Institute and Department of Obstetrics 
and Gynecology, Mount Sinai Hospital, 600 “University Ave., 
Toronto, Ontario, Canada M5G 1X5 
; ES B. Lowell Langille, PhD 
Max Bell Research Centre, The Toronto Hospital, "200 
Elizabeth St., Toranto, Ontario, Canada M5G 2C4 ar 
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Reply 
To the Editors: Adamson et al. raise two interesting 
points in their letter. Our first comment is on the safety 


of angiotensin II infusion. There are several indications 


that angiotensin II infusion to the mother is not harm- 
ful to the fetus: (1) In the study of Gant et al.’ > 1000 
infusions have been given to the mothers without any ill 
effects on the fetus; (2) In our study fetal behavior, 
heart rate or its variability, or the fetal flow waveforms 
were not affected by the angiotensin II infusion .to the 
mother. During angiotensin II infusion directly to the 
fetus, Adamson and Langille* found a 16% decrease of 
the heart rate; (3) We found no indications that the 


_uterine blood flow during the test was diminished — as 


we explained in our paper, we believe that it increased; 
and (4) To our,knowledge angiotensin II does not cross 
the hemomonochorionic placenta.° 

Thus it is unlikely that angiotensin II to the mother 
has any direct effect on the fetus. Whether the increase 
of maternal blood pressure is reflected in, the fetal 
circulation through some unknown mechanisms—our 
study does not support any indirect effects, either — may 
still be open for discussion.* 

The other point: Adamson et al. raised is whether the 
effects of vasoactive drugs, which cross the placenta, or 
certain physiologic adjustments can be at all investi- 
gated by analyzing the flow velocity waveforms in the 
fetal circulation. We agree that the flow velocity wave- 


forms in the umbilical artery only may give an errone- 


ous and superficial understanding on the influence of 
different stimuli. To have a more reliable picture it is 
preferable to also i investigate other vessels, for example, - 
in cerebral or renal circulation, as we have done. 

Risto Erkkola, MD, PhD, and Jouko Pirhonen, MD, PhD 


Department of Obstetrics and Gynecology, University Central 


Hospital, SF-20520 Turku, Finland 
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“Classic-nonstress test” and “ambulatory stress 
test’ in the assessment of umbilical 
cord compression 
To the Editors: 
10. Interpretation of fetal heart rate records 
10.1. Four main factors should be taken into account: 
3 eee l í 
b) maternal position 
c) the state of fetal activity 
d)... 
FIGO News’ 


The letter by Collins (Collins JH. First report: telem- . 


etry-assisted ambulatory nonstress test to evaluate um- 
bilical cord compression. AM J Ossrer GynecoL 1992; 
166:1020-1) addresses a subject that is within the scope 
of my research. Few papers discuss the influence of 
maternal ‘position and activity on the results of fetal 
biophysical tests. However, I cannot understand the 
interpretation of the published cardiotocograms on 
which all the report assumptions are based. Indeed, it is 
suggested by the text that the top tracing supposedly 
represents a typical tracing of a fetus with umbilical 
cord entanglements obtained from an ambulatory 
mother, and the bottom tracing shows the effect of 
maternal supine position on the same fetus! 

Everyone who is familiar with the concept of fetal 
behavioral states* * recognizes that the top tracing is 
(or at least simulates very well) a typical fetal heart rate 
(FHR) pattern D corresponding to behavioral state 4F, 
which is quite normal in term fetuses and is very often 
observed with the mother supine. The bottom tracing 
looks like a normal FHR pattern A or B, extremely 
frequent in normal, term fetuses whatever the mother’s 
position and activity. Both tracings occur in normal 
fetuses, with or without cord entanglements, with the 
mother supine or without! 

I suggest that fetal behavioral states be checked in the 
published case by analyzing the FHR registration fol- 
lowing the top and bottom tracings (if it exists). Fetal 
_ behavioral states are cyclical, and the top tracing can 
occur sometime after or before the bottom one and vice 
versa, It is just a question of prolonging the regis- 
tration. 

I do think that without an answer to. the aforemen- 
tioned doubts this report cannot support at all any 
difference betwee. a so-called “classic nonstress test” 
and “ambulatory stress test,” namely in the case of the 
fetus with entanglements of the umbilical cord. A clar- 


_ ification should avoid possible future (wrong?) actions ` 


. based on eventually misleading observations. 
João Bernardes, MD 
Rua Augusto Lessa, 555-2° E, 4200 Porto, Portugal 


Letters 1911 


REFERENCES 


1. Rooth G, Huch A, Huch R. Guidelines for the use of fetal 
monitoring. Int J Gynaecol Obstet 1987;25:159. 

2. De Vries HIP, Visser GHA, Precht! HFR. The emergence of 
fetal behaviour. II. Quantitative aspects. Early Hum Dev 
1985;12:95. 

3. Woerden van EE. Fetal heart rate and movements: their 
relationship within behavioural states 1F and 2F [Thesis]. 
Amesterdam: Free University, 1989. 169 p. 


Reply 
To the Editors: I appreciate the opportunity to respond 
to the comments by Bernardes. As he states, “few 
papers discuss the influence of maternal position and 
activity on the results of fetal biophysical tests.” Telem- 
etry science is an alternative means of studying these 
effects. This equipment has only recently been commer- 
cially available: As a private-practice obstetrician, I 
believe it imperative to explore new technology and 
report to my specialty colleagues observations believed 
to be different. It is necessary to stimulate interest and 
encourage others to confirm or dispute these observa- 
tions. 

In a brief Letter to the Editors the reporting of two 
cases evaluated by ambulatory telemetry nonstress tests 
was not intended to be definitive, or change manage- 
ment actions, or mislead. The pictures published were 
an example of a broader observation covering 2 weeks. 
Continuous fetal monitoring, with ambulation and rest 
recorded at different times of the day on different days, 
are available for review. The segments chosen and 
numbered illustrated the change and difference be- 
tween the supine state and ambulatory state within close 
time proximity. Behavioral states of activity and nonac- 
tivity as determined by patient diaries did not alter this 
difference. Although a specific ultrasonographic confir- 
mation of state 4F cannot be offered to Bernardes, the 
observation does not change simply because sustained 
fetal heart rate elevation was recorded but only during 
ambulation and not at any time when the mother was 
supine. In addition, Bernardes fails to consider fetal 
hiccup behavior as an influence. Patient diaries in- 
cluded hiccup episodes, and these did not cause ele- 
vated fetal heart rate baselines. Van Woerden et al.,! 
referred to by Bernardes, did not ambulate patients or 
report on the delivery results or presence of placental 
and umbilical cord abnormalities that may have influ- 
enced data. I hope that researchers such as Bernardes 
would explore with me this new technology and con- 
duct a prospective evaluation. 

A comparison with the classic nonstress test and 
biophysical profile should be done where specificity, 
sensitivity, positive predictive values, and negative pre- 
dictive values are determined. Only then will it be clear 
whether or not the telemetry-assisted ambulatory non- 
stress test can be of benefit, especially in cases of cord 
compression. ` ` 

; . Jason H. Collins, MD 
1344 Covington Highway, Slidell, LA 70460 
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A response concerning abortion 

To the Editors: In response to Kenneth J. Rvan’s Presi- 
dential Address (Ryan KJ. Abortion or motherhood, 
suicide and madness. Am J Ossrer Gynecot 1992;166: 
1029-36), I have two comments concerning his argu- 
ments about abortion. 

First, the argument that fetal life is contingent life is 
not a situation that stops at birth. The newborn’s life is 
also contingent life: it is unable to sustain itself. No one 
in this society would advocate the killing of newborns 
when they encroach on others’ rights—whether the 
mother’s as nurturer and caretaker, or society’s if the 
mother is unable or unwilling. 

Second, the sanctity of nonfetal life is not religiously 
grounded, and yet that sacredness is considered mor- 
ally defensible in our pluralistic democracy. This is the 
case even when extended to the contingent life of a 
helpless newborn. Therefore if contingent newborn 
nonfetal life is protected and held sacred, then contin- 
gent fetal life should by logical extension also be con- 
sidered sacred. 

The argument of the fetus being a contingent life as 
a justification for abortion does not hold up under 
logical scrutiny. 

Steven A. Harns, MD 
712 North Washington, Suite 216, Dalles, TX 75246 


Reply 
To the Editors: Arguments about abortion are seldom 
satisfying because the discussants tend not to pay sufi- 
cient attention to both the interests of the pregnant 
woman and the interests of societv in the fetus. Harris’s 
first point, that contingency does not stop at birth, 
simply ignores the essential moral difference between 
the situation of the fetus within the woman and the 
situation of the newborn as a free, living entity. The 
different situation of the fetus within the woman creates 
a unique moral problem. In no other instance in our 
society do we restrict the bodily integrity of an individ- 
ual as much as we do in “requiring” completion of an 
unwanted pregnancy. It is not that we should not have 
respect for fetal life, it is just that in this instance we can 
respect the right of the woman not to have her body 
invaded by a pregnancy she does not desire. 

Harris also gives insufficient attention to a real phys- 
ical difference between a fertilized egg, an embryo, and 
a 9-month fetus or newborn. This difference justifies 
preference for early terminations. This is the difference 
that justifies a secular argument of valuing the newbcrn 
or mature fetus more than the fertilized egg or embryo, 
much as an oak tree is valued over an acorn, wh:ch 
leads to Harris’s second point. | 

He uses the words “sanctity,” “nonreligiously ground- 
ed,” and “sacredness” in one sentence. This use is 
simply an oxymoron, as attention to any dictionary will 
reveal. It is only if a fertilized egg or embryo is consid- 
ered sacred that we could make its rights equal to zhe 
woman’s. The secular expression of regard for the fetus 
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would be a respect for its life, and this respect could be 
contingent on the stage of its development and the right 
of a woman to bodily autonomy. Whether something 
seems logical depends in this case on the starting 
premises. Extending to the fetus inside a woman the 
protection and “sacredness” of the newborn and then 
calling it nonreligiously grounded would not seem to 
me to be a successful exercise in logic. 

Kenneth J. Ryan, MD 


Department of Obstetrics, Gynecology and Reproductive Biology, 
Harvard Medical School, 75 Franses Si, Boston, MA 02115 


Automated analysis of the FHR: Evaluation? 

To the Editors: In a recent article Mantel et al. (Mantel R, 
Van Geijn HP, Ververs IAP, Copray FJA. Automated 
analysis of near-term antepartum fetal heart rate in 
relation to fetal behavioral states: ‘The Sonicaid System 
8000. Am J Osster Gyneco 1991;165:57-65) claim to 
have evaluated a system for automated fetal heart rate 
(FHR) analysis (Sonicaid System 8000) on the basis of 
our work. They achieved nathing of the sort. Indepen- 
dent. evaluation of new diagnostic systems is essential 
for progress but must relate to clinical performance, in 
this instance the prediction of metabolic acidemia on 
delivery or intrauterine death. This evaluation involves 
studying thousands of patients.’ 

What Mantel et al. tested in 16 patients with uncom- 
plicated pregnancies at 38 10 39 weeks, was the antici- 
pated coincidence of low-high long-term FHR variation 
(System 8000) and quiet-active fetal behavioral states 
(C1F-C2¥, respectively). But with the criteria used, such 
coincidence ts irrelevant. System 8000 is objective and 
fully automated; however, Mantel et al. identified fetal 
behavioral states by an “opinion procedure” for FHR 
analysis and subjective obse-vation of fetal eye and body 
movements. Like was not compared with like. The 
procedure is lengthy (2 hours), labor-intensive, not free 
of observer bias, and unreliable before 36 weeks’ ges- 
tational age, when > 90% of patients with preterminal 
FHR records are seen. The combination of CIF and 
C2F behavioral states only occupies 75% of the time, 
25% is indeterminate. Near-term signal loss with Sys- 
tem 8000 is <4%. There is no evidence that changes in 
fetal behavior give early warning of declining health. 
Much obstetric time is wasted comparing imprecise 
methods. 

Also, the summary is grossly misleading. It states that 
in these uncomplicated pregnancies 11 of 16 CIF 
“quiet sleep” periods were characterized as question- 
able or abnormal. That these records were incomplete 
was not revealed. The “quiet sleep” periods were, in 
fact, abstracted from within records that also contained 
episodes of high FHR variation. System 8000 advises 
continued recording, for an hour if necessary, until an 
episode of high FHR variation characteristic of active 
sleep, is identified. This advice was made explicitly clear 
in three European meetings in 1988 and 1989,*" orga- 
nized by an author of this paper but not referenced. 
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The “Dawes-Redman criteria” were designed to apply 
to complete records of up to 60 minutes in duration, 
not short segments abstracted from the total. 

The decision by Sonicaid to develop the System 8000 
was made when an archive of 8000 computerized ante- 
natal FHR records had been accumulated. This archive 
has been expanded to >30,000 records, and small 
improvements have been made (in baseline fitting, for 
example). The current software version (1.05 on first 
issue In 1988) is now 2.12. Records filed can be reana- 
lyzed with new software, but editors should insist that 
the version used is recorded. 

Finally, reference should be made to recent articles in 
which the results of computerized FHR analyses are 
compared with umbilical blood gas values obtained by 
cordocentesis.” ° Other such studies will follow. We note 
that these results are obtained at one moment under 
unnatural conditions in women suspected of having an 
abnormality. Nevertheless, they are a further guide to 
the truth. 

G.S. Dawes, DM, and C.W.G. Redman, MD 


Nuffield Department of Obstetrics and Gynaecology, John Radcliffe 
Hospital, Oxford, England OX3 9DU 
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Reply 
To the Editors: The Sonicaid System 8000 has two qual- 
ities not available in conventional FHR monitoring 
equipment: (1) objective segmentation and classifica- 
tion of various FHR parameters that potentially reduce 
intraobserver and interobserver variation in classifica- 
tion of FHR patterns, and (2) statistical analysis of FHR 
parameters. With the System 8000 Dawes et al. deter- 
mined the relation between several FHR parameters 
and various aspects of fetal condition. An objective 
algorithm (“Dawes and Redman criteria”) enables rec- 
ognition of fetal well-being in a large percentage of 
cases in the antepartum period. The diagnostic power 


of the System 8000 is potentially higher than that of 


conventional FHR monitoring. As in any biophysical 
and biochemical method of fetal surveillance, the infor- 
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mation cbtained by objective FHR analysis has limited 
impact and is only one element in the final interpreta- 
tion about fetal condition. It is obvious that the decision 
to Intervene or to continue pregnancy always remains in 
the hands of the obstetrician. 

Dawes and Redman are known for their expertise in 
the area of fetal pathophysiology. For this reason we 
were really surprised by their comments on our article. 

Study of behavioral states has profoundly changed 
the concept of understanding FHR patterns. Coinci- 
dence of fetal physiologic variables has been proved to 
exist already very early in pregnancy, even at 20 weeks’ 
gestation. Until 10 to 20 years ago, a decrease in FHR 
variability such as a decrease in the incidence or even 
absence of accelerations was nearly exclusively ascribed 
to fetal hypoxia. Currently, we are aware that this FHR 
pattern is also characteristic for state LF (quiet sleep). 
The inexperienced reader of FHR patterns will have 
serious difficulties distinguishing between the various 
types of FHR variability in the absence of accelerations, 
moreover because absence-presence of various move- 
ments (breathing, sucking, hiccuping, regular mouth- 
ing) in the LF state directly influences FHR variability. 

The validity of electronic fetal monitoring has seri- 
ously suffered from its early widespread introduction in 
obstetric practice on the basis of no more than empir- 
ical evidence. At that time there was little understand- 
ing about the meaning of all those wiggles in the paper 
recordings of FHR. Well-designed studies about the 
pathophysiologic mechanisms at the basis of FHR pat- 
terns previous to the introduction of electronic fetal 
monitoring could have prevented fetal morbidity and 
even mortality in a substantial number of cases and 
could, at least partially, have prevented the boom in the 
number of cesarean sections for reasons of “fetal dis- 
tress” in recent years. 

“L'histoire se repète.” A study of a biophysical method in 
thousands of patients does not guarantee a reliable and 
valid new technique. The method basically should not 
suffer from an inappropriate conceptual design. Next, 
the method should prove its clinical usefulness in ran- 
domized trials. Happily, we could present evidence in 
our paper that the System 8000, with correct applica- 
tion of its guidelines, does take into account the exist- 
ence of cycling behavioral states. Particularly, a suff- 
cient length of the recording (at least 45 minutes) is 
essential in the absence of FHR accelerations or in the 
absence of high-variation episodes. The comments of 
Dawes and Redman in this regard are beyond the issue 
and, in our opinion, even an overreaction to the items 
addressed in the article. The central question to be 
answered was “How does the System 8000 perform in 
the presence of cycling behavioral states and how does 
the system quantify FHR variability within states?” 
These basic questions had not been tested before, in 
spite of the 30,000 recordings collected. 


We really had no intention of damaging this new and 
attractive-looking toy that has been launched on the 
market of fetal surveillance in a way similar to that of so 
many other techniques in earlier years. We just played 
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with the instrument a little and were at first glance not 
dissatisfied, although we remain critical. The efficacy 
and effectiveness of the system need to be investigated 
in an additional number of well-designed studies. In 
this regard Dawes and Redman should accept and even 
be pleased that others than the designers of the basic 
elements (software) in the System 8000 give their time 
and energy to increase knowledze about this special 
technique, which represents just one way to quantitate 
fetal heart rhythm. 

H.P. van Geim, MD, R. Mantel, MD, 

LA.P. Ververs, MD, and F.J.A. Copray 


Department of Obstetrics and Gynecology, Academish Ziekenhuis Vrije 
Universiteit, De Boelelaan 1117, 1097 MB Amsterdam, The 
Netherlands 


Heparin administration with a pump 

during pregnancy 

To the Editors: The article by Floyd et al. (Floyd RC, 
Gookin KS, Hess LW, et al. Administration of heparin 
by subcutaneous infusion with a programmable pump. 
Am J Osster GynecoL 1991;165:931-3) on anticoagula- 
tion during pregnancy deserves some comments. 

The authors refer to one previous article on “contin- 
uous” heparin administration by Barss et al.’ in which 
the subcutaneously placed needle led to bleeding com- 
plications in a large percentage. However, Floyd et al. 
seem to have completely ignored another article on 
pulsatile heparin administration in pregnancy in which 
15 women used a programmable pump to deliver 
heparin by either the intravenous or the subcutaneous 
route for <34 weeks.* In that paper the anticoagulant 
effect was monitored on the basis of anti-Factor Xa 
measurements at defined time intervals from the sub- 
cutaneous injection or during one pump interval. In the 
paper by Floyd et al. no mention is made of these 
intervals. Moreover, the use of thromboplastin times to 
monitor heparin requirements is too insensitive and 
should be replaced by anti-Factor Xa measurements. 

The authors seem to be satisfied with the greater 
amount of heparin used in the pump group and believe 
that this was the result of better patient compliance. 
The mean daily dose of 14,000 U in the subcutaneous 
group is a very low dose, which means that at least some 
of these women were not adequately anticoagulated.® If 
that in turn was caused by bad compliance, these 
women might have benefitec more from home visits 
than the pump group! 

A possible advantage with the programmable pump 
compared with the subcutaneous injections is the pos- 
sibility to decrease the total dose of heparin! This is 
because the side effects of heparin are believed to be 
dose-dependent. 

Another advantage with the pump is that it gives an 
adequate anticoagulation dav and night, whereas sub- 
cutaneous injections give varying levels of anti-Factor 
Xa that are sometimes undetectable after 6 to 8 hours.” 
In most women this seems to be of no importance.” In 
women with complicating diseases such as hereditary 
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inhibitor deficiencies (antithrombin, protein S, or pro- 
tein C) or in women with prosthetic valves, however, the 
continuous anticoagulation might be of therapeutic 
value. Floyd et al. deserve credit for again bringing out 
the good acceptance by the women with this method. 
Lennart Hahn, MD, PhD 
Department of Obstetrics and Gynecology, East Hospital, S 416 85, 
Gothenburg, Sweden 
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Reply 

To the Editors: Hahn’s comments are appreciated. Ref- 
erence is made to his article’ on pulsatile heparin 
administration and monitoring of serum heparin levels 
by using anti—Factor Xa assessments. Anti~Factor Xa 
measurements are sensitive but are expensive and are 
not readily available in most facilities. The use of 
thromboplastin times to monitor heparin requirements 
is accessible to all practicing physicians and is generally 
accepted as the means of clinically monitoring heparin 
therapy. In presenting the use of the programmable 
subcutaneous infusion pump to anticoagulate our pa- 
tients, we emphasized a protocol that is useful in clinical 
practice. Hahn also voiced concern about the low dose 
of heparin used by those in the subcutaneous group. 
The reduced rate of heparin used in these patients was 
believed to be caused by poor compliance and was an 
attempt to prevent overanticoagulation of the patient in 
the immediate postinjection period. Use of more fre- 
quent injections as recommended in his letter may not 
be an acceptable solution in many women because of a 
further decrease in compliance. The suggestion of 
home nursing visits ir patients using subcutaneous 
injection for anticoagulation does have merit. His men- 
tion of heparin-related complications and their dose- 
dependent relationship is well taken; however, in our 
patients no complications were noted in spite of the 
larger amounts of heparin used in subjects using the 
pump. 

Randall C. Floyd, MD, and John C. Morrison, MD 
Department of Obstetrics and Gynecology, 2500 North State St., 
Jackson, MS 39216-4505 
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Meconium aspiration syndrome made murkier 

To the Editors: In their recent publication Katz and 
Bowes (Katz VL, Bowes WA Jr. Meconium aspiration 
syndrome: reflections on a murky subject. AM J OBSTET 


Volume 167 
Number 6 


Gyneco. 1992;166:171-83) use a handful of anecdotal 
reports and limited experimental data to support their 
basic conjecture that meconium aspiration syndrome is 
solely a result of intrauterine asphyxia and that its 
occurrence is unaffected by obstetric and pediatric in- 
tervention at birth. Unfortunately, I have found that 
these authors have selectively quoted and misrepre- 
sented data from the literature to support their specu- 
lation. 

We’ previously reported that the incidence of meco- 
nium aspiration syndrome and deaths from the disor- 
der had significantly declined from 1973 through 1987. 
We did not just compare the years 1973 and 1987 as 
Katz and Bowes suggest; we examined the trend during 
the entire period. Furthermore, Katz and Bowes twice 
stated that we reported our study as not supporting a 
decline in the rates of meconium aspiration syndrome 
and associated deaths, a position contrary to the entire 
gist of our work. 

Katz and Bowes reference the work of Perlman et al.’ 
as supporting the role of increased pulmonary vascular 
muscularization in meconium aspiration syndrome. 
However, the whole crux of the investigation of Perlman 
et al. was that primary structural arterial changes do not 
account for pulmonary hypertension among infants 
who died from meconium aspiration syndrome. 

Hageman et al.” recently reported that infants who 
did not have obstetric suctioning of the pharynx were 
more likely to have meconium aspiration syndrome; the 
classic work of Carson et al.* was the first to document 
that obstetric suctioning would help decrease the inci- 
dence of meconium aspiration syndrome (Bowes was a 
coauthor). We’ have found meconium aspiration syn- 
drome more likely to occur among meconium-stained 
infants who were not intubated and suctioned in the 
delivery room. Moreover, these nonsuctioned infants 
were at an increased risk for adverse sequelae (such as 
death or the need for extracorporeal membrane oxy- 
genation). 

Katz and Bowes contend that only 5% of children 
with meconium aspiration syndrome are born through 
thin-consistency meconium. However, others® ’ have 
found that as many as 38% to 41% of infants with 
meconium aspiration syndrome had been born through 
thinly-stained fluid. Furthermore, Katz and Bowes rec- 
ommend pharyngeal suctioning and tracheal suctioning 
only for “asphyxiated and distressed” infants. However, 
we and many others we reference’ have found that 40% 
to 50% of those who subsequently have meconium 
aspiration syndrome are apparently healthy and do not 
need resuscitatory efforts in the delivery room. It seems 
incongruous to limit suctioning solely to depressed 
neonates. 

Katz and Bowes state, “meconium aspiration syn- 
drome is particularly severe and often lethal in the 
presence of infection....” They cite no supporting 
literature. In fact, there is none.’ Early-onset listeriosis 
has been associated with meconium-stained amniotic 
fluid but not with MAS.® 

Katz and Bowes emphasize the importance of Jo- 
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vanovic and Nguyen’s® guinea pig investigation. It is 
difficult for me to place such importance on this work 
because only 14 animals were studied, only two of which 
had prolonged asphyxial challenge. In addition, Katz 
and Bowes cite only the flawed work of Linder et al.’° as 
supporting “increasing reports of complications” from 
intubation. However, weë have found and reported a 
dearth of reported complications from routine intuba- 
tion in the delivery room. 

In multiple major investigations” ** 11 1? the benefits 
of pharyngeal and intratracheal suctioning have been 
evaluated and supported. Nonetheless, in utero meco- 
nium aspiration does occur, and in utero asphyxia 
could adversely affect the outcome of some infants with 
meconium aspiration syndrome. To date, however, we 
have no idea what proportion of those with meconium 
aspiration syndrome were so affected, nor can we iden- 
tify them antemortem, nor do we know that pharyngeal 
and intratracheal suctioning would be of no beneft 
among such infants. 

During February 22 to 25, 1992, the American Heart 
Association sponsored a national conference on cardio- 
pulmonary resuscitation to assess the potential need for 
changes in its guidelines. The committee on neonatal 
ventilation and meconium” recommend that all meco- 
nium-stained infants have obstetric pharyngeal suction- 
ing. Furthermore, this committee recommended that 
intratracheal suctioning be performed on meconium- 
stained infants if (1) there is evidence of fetal distress; 
(2) the infant is depressed or requires positive pressure 
ventilation; (3) the meconium is thick or particulate; or 
(4) if obstetric pharyngeal suctioning was not per- 
formed. The committee stated that endotracheal suc- 
tioning may not be necessary if the meconium is thin, 
the obstetrician has suctioned the pharynx, and the 
infant is vigorous (all three aspects must be present). 
Until well-designed, prospective investigations support 
a more selective approach to the meconium-stained 
infant, I believe these guidelines should be followed. 

Thomas E. Wiswell, MD 


Neonatology Service, Department of Pediatrics, Walter Reed Army 
Medical Center, Washington, DC 20307-5001 
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Reply 
To the Editors: We reviewed meccnium aspiration syn- 
drome because for two decades obstetricians and pedi- 
atricians have tried to explain clirical observations with 
a theory about meconium aspiration that does not fit.’ 
This theory of meconium aspiration syndrome held tkat 
the disease was caused by meconium inhaled during tne 
infant’s first breath. The influential works by Carson et 
al. and Gregory et al.° built on this assumption to 
advocate tracheal suctioning to prevent meconium as- 
piration syndrome. However, meconium aspiration sn- 
drome continued to occur despite tracheal suctioning. 
The 15-year survey of meconium aspiration syndrome 
by Wiswell et al.* illustrates this point most clearly. The 
incidence of meconium aspiration syndrome did not 
drop below the 1973 to 1974 -evels (after which the 
practice of tracheal suctioning began) until 1983. The 
‘mortality rate from meconium aspiration syndrcme 
declined from 1975 to 1977, but then rose to pre-1975 
levels in 1979, 1981, 1982, 1983, and 1985. We did not 
state that Wiswell et al. compared 1973 and 1985. 

We believe that the pathologic aspect of meconium 
aspiration syndrome is caused by pulmonary vasc lar 
spasm and vascular hyperreactivity caused by fetal hy- 
poxia and asphyxia. Meconium aspiration syndrome is 
a spectrum of pulmonary vascular disease, and in- 
creased muscularization can be found in the most 
severe cases. Perlman et al:° did find excessive pulmo- 
nary vascular muscularity in infants who died with 
meconium aspiration syndrome and in controls. These 
controls were stillborn fetuses with abruptio placentae 
and other stressed fetuses and newborns. In reports 
that have also found increased pulmonary muscularity, 
the controls with normal vasculature were nonasphyx- 
iated.’ 

Meconium aspiration syndrome is associated with 
thin meconium approximately 5% of the time. Meco- 
nium aspiration syndrome with thin meconium is a 
mild, self-limited problem very different from the 
meconium aspiration syndrome associated with thick 
meconium. Studies such as that by Yeh et al.,° which 
report a 44% association, describe a “... relatively be- 
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nign course similar to that of wet lung syndrome- 
... produced by aspiration of thin meconium.”® 
Wiswell and Henley? found 1 of 36 (3%) patients with 
meconium aspiration syndrcme to be associated with 
thin meconium in their more recent report. 

Wiswell states that we cited no references in regard to 
meconlum aspiration syndrcme and infection. In fact, 
there were eight references. Additionally, Benny et al.” 
and Burke-Strickland and Edwards” found worse out- 
comes among infants with meconium aspiration syn- 
drome and infection. Yeh e- al.’ found 6 of 11 deaths 
from meconium aspiration syndrome to be associated 
with pneumonia. The association between meconium 
aspiration syndrome and infection occurs because the 
pathologic make-up of both diseases may include pul- 
monary hypertension. 

Wiswell describes the work of Linder et al.'° as flawed. 
That study is the only prospective trial looking at 
tracheal intubation’; although it may have had meth- 
odological problems, among 264 infants without tra- 
cheal visualization there was no meconium aspiration 
syndrome. Among 308 infants with tracheal intubation 
there were four cases of MAS. 

Vern L. Katz, MD, end Watson A. Bowes, Jr., MD 


Department of Obstetrics and Gynecology, University of North 
Carolina, McNider Building, C3 7570, Chapel Hill, NC 27599 
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. Changes in human fetal cerebral oxygenation 


and blood volume during delivery 

To the Editors: We recently reported the first use of 
near-infrared spectroscopy for monitoring fetal brain 
oxygenation during labor (Peebles DM, Edwards AD, 
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Fig. 1. Concentration changes in cerebral oxyhemoglobin (HbO,), deoxyhemoglobin (Hb), and total 
hemoglobin (tofal Hb) during delivery. Body was completely expelled within 30 seconds of delivery of 


head, and cord was clamped as respiration started. 


Wyatt JS, et al. Changes in human fetal cerebral hemo- 
globin concentration and oxygenation during labor 
measured by near-infrared spectroscopy. Am J OBSTET 
GynecoL 1992;166:624-8). Little is known about the 
effect on cerebral oxygenation and hemodynamics of 
the major physiologic changes that occur during the 
first minutes after delivery. We now present measure- 
ment by near-infrared spectroscopy of changes in the 
human fetal brain during the transition from fetal to 
postnatal life. 

A healthy term fetus was studied with techniques 
described in our recent report after spontaneous onset 
of labor. After positioning of a fiberoptic probe against 
the fetal scalp, continuous measurements of changes 
from an arbitrary baseline in the cerebral concentra- 
tions of oxyhemoglobin and deoxyhemoglobin were 
obtained for a period of 570 minutes until delivery and 
for a further 9 minutes afterwards. 

The labor was uncomplicated apart from the pres- 
ence of epidural anesthesia and the use of an oxytocin 
infusion. A small-for-gestational-age baby weighing 
2250 gm was born in good condition by spontaneous 
vaginal delivery. Apgar scores were 9 at 1 minute and 
10 at 5 minutes; measurement of umbilical cord arterial 
blood gases gave values for pH of 7.22, base excess 
-5.1 mmol/L, Pog 2.01 kPa, and Pcos 7.35 kPa. 

Changes in the cerebral concentrations of oxyhemo- 
globin, deoxyhemoglobin, and total deoxyhemoglobin 
(obtained by adding the change in oxyhemoglobin and 
the change in deoxyhemoglobin) during the last 12 


minutes of labor and the first 8 minutes of the postnatal 
périod are shown in Fig. 1. Fluctuations (simultaneous 
with uterine contractions) are seen before the moment 
of delivery. With the initiation of respiration, oxyhemo- 
globin rose rapidly by 5.3 wmol/100 gm brain tissue 
compared with values just before delivery. Reciprocal 
changes in deoxyhemoglobin occurred with a fall of 6.6 
wmol/100 gm during the same period. These changes 
indicate a rapid rise in cerebral oxygenation, reflecting 
the rise in arterial saturation. Simultaneously, the total 
cerebral hemoglobin concentration fell by 1.3 mol/100 
gm, equivalent to a fall in cerebral blood volume of 0.9 
ml/100 gm, or about 30% if the previously published 
mean value for normal neonates of 2.22 ml/100 gm is 
used.’ These preliminary observations reveal the rapid- 
ity and magnitude of changes within cerebral circula- 
tion during the first minutes of postnatal life. 

We thank Action Research, Medical Research Coun- 
cil, Wolfson Foundation, and Hamamatsu Photonics 
KK for support. 

Donald M. Peebles, MB, BS, A. David Edwards, MRCP, 

John S. Wyat!, MRCP, Mark Cope, PhD, 
David T. Delpy, DSc, and E. Osmund R. Reynold, FRCP 
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oxia-induced atrial natriuretic factor release in immature 
and mature ovine fetuses (Cheung). 1992;167:1443-53 
Dehydration increases the renal response to atrial natri- 
uretic peptide in fetal sheep (Dodd et al). 1992;167: 
1710-6 
Austria 
The influence of the post-Chernoby] fallout on birth defects 
and abortion rates in Austria (Haeusler et al). 
1992;167:1025-31 
Autoantibodies 
Effects of danazol at the immunologic level in patients with 
adenomyosis, with special reference to autoantibodies: a 
multi-center cooperative study (Ota et al). 1992;167: 
481-6 
Regulatory effect of antiphospholipid antibodies on signal 
transduction: a possible model for autoantibody-induced 
reproductive fatlure (Gleicher et al). 1992;167:639-42 
Subchorionic hematoma and autoantibodies: Is there a re- 
lation? (Fruchter) (Letter); (Baxi and Pearlstone) (Reply). 
1992;167:1150 
Autoimmunity 
Effects of danazol at the immunologic level in patients with 
adenomyosis, with special reference to autoantibodies: a 
multi-center cooperative study (Ota et al). 1992;167: 
481-6 
Euiologic factors of recurrent abortion and subsequent re- 
productive performance of couples: Have we made any 
progress in the past 10 years? (Plouffe et al). 
1992;167:313-21 
Autologous blood donation; see Blood donors 
Automatic implantable cardioverter defibrillator; see Electric 
countershock 
Autonomic nervous system 
Autonomic and arginine vasopressin modulation of the hyp- 
oxia-induced atrial natriuretic factor release in immature 
and mature ovine fetuses (Cheung). 1992;167:1443-53 
Autonomic nervous system regulation of baseline heart rate 
in the fetal lamb (Wakatsuki et al). 1992;167:519-23 
Autoradiography 
Contractile effect of endothelin in the human uterine artery 
and autoradiographic localization of its binding sites 
(Bodelsson et al), 1992;167:745-50 


B 


Bacteria 
Evaluation of rapid diagnostic tests in the detection of mi- 
crobtal invasion of the amniotic cavity (Coultrip and 
Grossman). 1992;167:1231-42 
Infection and labor. VIII. Microbial invasion of the amniotic 
cavity in patients with suspected cervical incompetence: 
prevalence and clinical significance (Romero et al). 
1992;167:1086-91 
Simplified Gram stain interpretive method for diagnosis of 
bacterial vaginosis (Thomason et al). 1992;167:16-9 
Use of esterase inhibitors and zone electrophoresis to define 
bacterial esterases in amniotic fluid (Hoskins et al). 
1992;167:1579-82 
Baking powder 
Baking powder pica mimicking preeclampsia (Barton et al). 
1992; 167:98-9 


Volume 167 
Number 6 


Baroreceptors; see Pressoreceptors 
Bed rest 
A randomized prospective comparison of nifedipine and 
bed rest versus bed rest alone in the management of pre- 
eclampsia remote from term (Sibai et al). 1992; 167:879- 
84 
Behavior therapy 
Behavioral treatment of menopausal hot flushes: evaluation 
by ambulatory monitoring (Freedman and Woodward). 
1992; 167:436-9 
Beta adrenergic receptors; see Receptors, adrenergic, beta 
Beta-endorphins 
8-Endorphin concentrations in fetal blood during the sec- 
ond half of pregnancy (Radunovic et al). 1992;167: 
740-4 
Increased circulating levels of immunoreactive B-endorphin 
in polycystic ovary syndrome is not caused by increased 
pituitary secretion (Carmina et al). 1992;167:1819-24 
17-Beta estradiol; sce Estradiol 
Beta-sympathomimetics; see Sympathomimetics 
Binding sites 
Contractile effect of endothelin in the human uterine artery 
and autoradiographic localization of its binding sites 
(Bodelsson et al). 1992;167:745-50 
Reduced platelet tritium-labeled imipramine binding sites 
in women with premenstrual syndrome (Steege et al). 
1992:167:168-72 
Biometry 
Screening for Down syndrome with the femur length/bi- 
parietal diameter ratio: a new twist of the data (Platt et 
al). 1992:167:124-8 
Biophysical profile; see Fetal monitoring 
Biopsy 
Endometrial lymphoid tissue in the timed endometrial bi- 
opsy: morphometric and immunohistochemical aspects 
(Klentzeris et al). 1992;167:667-74 
Birth defects; see Abnormalities 
Birth weight 
Birth weight threshold for postponing preterm birth 
(DePalma et al). 1992;157:1145-9 
Effect of fat and fat-free mass deposition during pregnancy 
on birth weight (Villar et al). 1992;167:1344-52 
Macrosomia in postdates pregnancies: the accuracy of rou- 
tine ultrasonographic screening (Pollack et al). 
1992;167:7-11 
Randomized tria! of human versus animal species insulin in 
diabetic pregnant women: improved glycemic control, not 
fewer antibodies to insulin, influences birth weight (Jov- 
anovic-Peterson et al). 1992;167:1325-30 
Use of the fetal chest in estimating fetal weight (Winn et 
al). 1992;167:448-50 
Bladder 
Rupture of uterine scar with extensive maternal bladder 
laceration after cocaine abuse (Hsu et al). 1992;167:129- 
30 
Blood 
Blood and amnictic fluid contact sustainec by obstetric per- 
sonnel during deliveries (Panlilio et al). 1992;167:703-8 
Blood-brain barrier 
Peripheral magnesium sulfate enters the brain and increases 
the threshold for hippocampal seizures in rats (Hallak et 
al). 1992;167:1605-10 
Blood coagulation 
Changes in coagulation and anticoagulation in women tak- 
ing low-dose triphasic oral contraceptives: a controlled 
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comparative 12-month clinical trial (Notelovitz et al). 
1992;167:1255-61 
Recent advances in understanding clotting and evaluating 
patients with recurrent thrombosis (Alving and Comp). 
1992;167:11&4-91 (Symposium) 
Blood donors 
Maternal and fetal hemodynamic effects of autologous 
blood donation during pregnancy (Droste et al). 
1992; 167:89-93 
Blood flow, regional; see Regional blood flow 
Blood flow velocity 
The effect of improvement of umbilical artery absent end- 
diastolic velocity on perinatal outcome (Bell et al). 
1992; 167:1015-20 
Normal fetal cardiac flow velocity waveforms between 11 
and 16 weeks of gestation (Wladimiroff et al). 
1992; 167:736-9 
Vascular resistance and the umbilical arterial velocity wave- 
forms (Adamson et al) (Letter); (Erkkola and Pirhonen) 
(Reply). 1992;167:1910-1 
Blood loss, surgical 
The effect of placental management at cesarean delivery on 
operative blood loss (McCurdy et al). 1992;167:1363-7 
Blood platelets 
Hepatic histopathologic condition does not correlate with 
laboratory abnormalities in HELLP syndrome (hemolysis, 
elevated liver enzymes, and low platelet count) (Barton et 
al). 1992;167:1538-43 
Reduced platelet trittum-labeled imipramine binding sites 
in women with premenstrual syndrome (Steege et al). 
1992; 167:168-72 
Serial measurements of platelet angiotensin II binding in 
two patients with hypertension in pregnancy: case reports 
(Baker and Fipkin). 1992;167:487-8 
Blood pressure 
Indirect blood pressure measurement in pregnancy: Ko- 
rotkoff phase 4 versus phase 5 (Johenning and Barron). 
1992;167:577-80 (Clin. opinion) 
Blood transfusion 
Red blood cell transfusion and cesarean section (Dickason 
and Dinsmoor). 1992;167:327-32 
Blood transfusion, intrauterine 
Monitoring of intravascular fetal transfusions with Doppler 
velocimetry (Rotmensch et al). 1992;167:1314-6 
Blood vessels 
An immunohistologic study of endothelialization of utero- 
placental vessels in human pregnancy—evidence that en- 
dothelium is focally disrupted by trophoblast in pre- 
eclampsia (Khong et al). 1992;167:751-6 
Effect of endothelin-1 on the uterine vasculature of the 
pregnant and estrogen-treated nonpregnant sheep (Yang 
and Clark). 1992;167:1642-50 
Endothelium-derived relaxing factor inhibition augments 
vascular angiotensin II reactivity in the pregnant rat hind 
limb (Ahokas and Sibai). 1992;167:1053-8 
Body fat 
Effect of fat and fat-free mass deposition during pregnancy 
on birth weight (Villar et al). 1992;167:1344-52 
Body fluids 
Evaluation of maternal fluid dynamics during tocolytic ther- 
apy with ritodrine hydrochloride and magnesium sulfate 
{Armson et al). 1992;167:758-65 
Body weight 
Excessive maternal weight and pregnancy outcome (John- 
son et al). 1992;167:353-72 


1948 Subject index 


Books l 

Books received. 1992;167:574-5, 1918-9 

Brain 

Cerebral imaging in eclampsia: magnetic resonance imaging 
versus computed tomography (Dahmus et al). 
1992;167:935-41 

Changes in human fetal cerebral oxygenation and blood 
volume during delivery (Peebles ez al). 1992:167:1916-7 
(Letter) 

Eftect of magnesium sulfate on maternal brain blood flow 
in preeclampsia: a randomized, placebo-controlled study 
(Belfort and Moise). 1992;167:661-6 | 

Messenger ribonucieic acid for transforming growth. factor- 
a, but not for epidermal growth factor, is expressed in 
fetal and neonatal mouse brain (Yeh et al). 1992:167: 
242-5 

Peripheral magnesium sulfate enters the brain and increases 
the threshold for hippocampal seizures in rats (Hallak et 
al). 1992;167:1605- 10 

Brain damage 

The clinical diagnosis of asphyxia résponsible for brain 

damage in the human fetus (Low et al). 1992;167:11-5 
Breast feeding 

Interactions between intrauterine contraceptive device use 
and breast-feeding status at time cf intrauterine contra- 
ceptive device insertion: analysis of TCu-380A acceptors 
in developing countries (Farr and Rivera). 1992;167:144- 
51 , 

Breast neoplasms ' 

Epidemiology of the noncontraceptive effects of oral con- 
traceptives (Stergachis}. 1992;167:1165-70 (Symposium) 

Oral contraceptives and gynecologic cancer: an update for 

_ the 1990s (Kaunitz). 1992;167:1171-6 (Symposium) 

Breathing exercises- i 

Behavioral treatment of menopausal'hot flushes: evaluation 
by ambulatory monitoring (Freedman and Woodward). 
1992;167:436-9 l 

Breathing movements; see Fetal movement 
Breech presentation 


Repeated external cephalic version at term (Rosen et al). 


1992;167:508-9 (Case rep.) 
Burch colposuspension 
. The incidence of genital prolapse ater the Burch colpo- 
suspension (Wiskind et al). 1992;167:399-405 


C 


CA 125; see Antigens, tumor-associated, carbohydrate 
Calcitonin gene-related peptide 
Effect of calcitonin gene-related peptide on the uterine vas- 
culature of the nonpregnant ewe (Yang et al). 
1992;167:178- oe 
Calcium 
Calcium homeostasis in pregnant women receiving long- 


term magnesium sulfate therapy for preterm labor (Smith, 


et al). 1992;167:45-51 

Interactive effects cf volatile anesthetics,.verapamil, and ry- 
anodine on contractility and calcium homeostasis of iso- 
lated pregnant rat myometrivm (Laszlo et al). 
1992; 167:804-10 

Intracellular calcium and the signaling mechanism of lu- 


teinizing hormone~releasing hormone in rat granulosa 


cells (Wang et aN 1992 L 541-7 
Capillarics 


< Vascularization of the ovine amnion and chorion: a mor- 
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phometric characterization nee the surface area of the in- 
tramembranous pathway (Brace et al). 1992;167:1747-55 
Carbohydrates . 

The metabolic impact of oral contraceptives (Krauss and 

Burkman). 1992;167:1177-34 (Symposium) 
Carbon dioxide 

Effects of maternal administretion of 3% carbon dioxide on 
umbilical artery and fetal renal and middle cerebral artery 
Doppler waveforms (Veille and Penry). 1992;167:1668- 
71l 

The use of carbon dioxide laser laparoscopy in the treat- 
ment of tubal ectopiz pregnancies (Paulson). 
1992;167:382-6 

Carbon monoxide 

Additivity of protein deficiency and carbon monoxide on 
placental carboxyhemoglobin in mice (Singh et al). 
1992; 167:843-6 

Carboxyhemoglobin 

Additivity of protein deficiency and carbon monoxide on 
placental carboxyhemoglobin in mice (Singh et al). 
1992; 167:843-6 

Carcinoma za 

Biochemical and immunohistochemical estrogen and pro- 
gesterone receptors in adenomatous hyperplasia and en- 
dometrial carcinoma: correlations with stage and other 
clintcopathologic features (Nyholm et al). 1992;167:1334- 
42 

Computed tomography: Does it really improve the treat- 
ment of cervical caremoma (Moore et al). 1992;167:768- 
71 

Divergent effects of a on umor necrosis factor-a—me- 
diated cytolysis of ovarian carcinoma cells (Williams et al). 
1992; 167:1870-6 

Evaluation of pretreatment transvaginal ultrasonography in 
the management of patients with endometrial carcinoma 
(Shipley et al). 1992;167:405-12 

Menopausal patient considerations (Mann). 1992;167:571 
(Letter) 

Mutations of the Ki-ras oncogene in endometrial carcinoma 
(Ignar-Trowbridge et al). 1992;167:227-32 

Novel immunologic strategies in ovarian carcinoma (Freed-, 
man et al). 1992;16771470-8 (Curr. dev.) 

Photodynamic therapy of human ovarian epithelial carci- 
noma, OVCAR-3, heterotransplanted in the nude mouse 
(Peterson et al). 1992;167:1852-5 

Role of 1’78-estradiol and tamoxifen in induction of endo- 
metrial carcinoma in experimental animal model: nude 
mice (Farghaly) (Letter); (Satyaswaroop) (Reply). 
1992:167:1154 

Selective pelvic and periaortic lymphadenectomy does not 
increase morbidity in surgical staging of endometrial car- 
cinoma (Homesley et al). 1$92;167;1225-30 

Three-group metaphase as a morphologic criterion of pro- 
gressive cervical intraepithelial neoplasia (Mourits et al). 
1992; 167:591-5 

Carcinoma, squamous cell 

Recurrent squamous carcinoma of the vulva (Tilmans et al). 

1992; 167:1382-9 l 
Cardiac flow a see Blood flow velocity’. 
Cardiolipins HG 

Anticardiolipin tests in irei pregnant women (Pattison 
and Birdsall) (Letter); (Harris and Spinnato) (Reply). 
1992;167:1154-5 

Prevalence and prognostic significance of anticardiolipin an- 
tibodies in pregnancies complicated by human immuno- 
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deficiency virus—1 infection (Viscarello et al). 
1992; 167:1080-5 
Cardiomyopathy, congestive 


Pregnancy complicated by chronic cardiomyopathy and an 


automatic implantable cardioverter defibrillator (Piper et - 


al). 1992;167:506-7 (Case rep.) 
Cardiovascular diseases 


Behavioral stress responses in premenopausal and post- , 


menopausal women and the effects of estrogen (Lindheim 
et al). 1992;167:1831-6 
Epidemiology of the noncontraceptive effects of oral con- 
traceptives (Stergachis). 1992;167:1165-70 (Symposium) 
The metabolic impact of oral contraceptives (Krauss and 
‘Burkman). 1992;167:1177-84 (Symposium) 
Cardioverter defibrillator; see Electric cmuntershock 
Carotene 
-B-Carotene levels in exfoliated cervicovaginal epithelial cells 
in cervical intraepithelial neoplasia and cervical cancer 
(Palan et al). 1992;167:1899-903 
Case reports 
Case reports. 1992;167:506-18 
Catecholamines 


Effects of short-term thermal stress on plasma catechol- . 


amine concentrations and plasma renin activity in preg- 
nant and nonpregnant women (Vähbä-Eskeli et al). 
1992;167:785-9 
Fetal catecholamine, cardiovascular, and neurobehavioral 
responses to cocaine (Chan et al). 1992;167:1616-23 
Cefotetan a 


Randomized, double-blind study of cefotetan and cefoxitin 


in post—cesarean section endometritis (MacGregor et al). 
1992; 167:139-43 
Cefoxitin 


Randomized, double-blind study of cefotetan and cefoxitin ' 


in post—cesarean section endometritis (MacGregor et al). 
1992;167:139-43 
Cell line i 
Interferon-y receptors on human gestational choriocarci- 
noma cell lines: quantitative and functional studies (Fulop 
et al). 1992;167:524-30 
Cell-to-cell coupling 
Modulation of cell-to-cell coupling between myometrial cells 
of the human uterus during pregnancy (Sakai et al). 
1992; 167:472-80 
Studies of connexin 43 and cell-to-cell coupling in cultured 


human uterine smcoth muscle (Sakai et al). : 


1992; 167:1267-77 
Cells, cultured 
Activation of protein kinase C stimulates collagenase pro- 


duction by cultured cells of the cervix of the pregnant _ 


guinea pig (Rajabi et al}. 1992;167:194-200 


Culture characteristics of human endometrial glandular ep- ° 


ithelium throughout the menstrual cycle: modulation of 
deoxyribonucleic acid synthesis by 178-estradiol and me- 
droxyprogesterone acetate (Marshburn et al). 
1992; 167:1888-98 - 

Cephalic version; see ve fetal 

Cerebellum 


Transverse cerebellar Tance in twin gestations (Shimizu ; l 


et al). 1992;167:1004-8 
Transverse cerebellar diameter measurements in twin preg- 
nancies and the effect of intrauterine growth retardation 
(Lettieri et al). 1992;167: 982- 5 
Cerebral artery ` 
Effects of maternal administration of 3% carbon dioxide on 
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umbilical artery and fetal renal and middle cerebral artery 
Doppler waveforms (Veille and TERI: 1992;167:1668- 
71 
Cerebral hemorrhage 
Neonatal periventricular-intraventricular hemorrhage after 
maternal -sympathomimetic tocolysis (Groome et al). 
1992;167:873-9 
Cerebral palsy ; 
The incidence of cerebral palsy (Rosen and Dickinson). 
1992;167:417-23 (Clin. opinion) 
Preterm versus term asphyxia (Scheller). 1992;167:1481 
(Reply) 
Cerebrum; see Brain 
Cervical dilatation; see Labor stage, first 
Cervical as piinekial neoplasia; see Cervix neoplasms 
Cervix 
Activation of protein kinase G stimulates collagenase pro- 
duction by cultured cells of the cervix of the pregnant 
guinea pig (Rajabi et al). 1992;167:194-200 
- Chemotactic factor in the pregnant rabbit uterine cervix 
(Uchiyama et al). 1992;167:1417-22 . 
The effects of nifedipine on pregnancy outcome and mor- 
phology of the placenta, uterus, and cervix during late 
pregnancy in the rat (Richichi and Vasilenko). 
1992; 167:797-803 
Cervix dysplasia 
Oral contracepzive use and the incidence of cervical intra- 
epithelial neoplasia (Gram et al). 1992;167:40-4 | 
Cervix neoplasms 
B-Carotené levels in exfoltated cervicovaginal epithelial cells 
in cervical intraepithelial neoplasia and cervical cancer 
(Palan etal). 1992;167:1899-903 -- 
Computed tomography: Does it really improve the treat- 
ment of cervical carcinoma? (Moore et al). 1992; 167: 768- 
71 
Factors influencing the exfoliation of cervicovaginal eS 
lial cells (Basu et al). 1992;167:1904-9 
Menopausal patient considerations (Mann). 1992;167:571 
(Letter) 
Oral contraceptive use and the incidence of cervical intra- 
epithelial neoplasia (Gram et al). 1992;167:40-4 
Oral contracepzives and: gynecologic cancer: an update for 
the 1990s (Kaunitz). 1992;167:1171-6 (Symposium) 
Three- -group metaphase as a morphologic criterion of pro- 
gressive cervical intraepithelial neoplasia (Mourits et al). 
1992;167:59°-5 ` 
Cesarean ‘section 
Cold therapy ir. the management of postoperative cesarean 
section pain ‘Amin-Hanjani et al). 1992;167:108-9 ` 
The effect of placental management at cesarean: delivery 
on operative blood loss (McCurdy et al). 1992;167: 
1363-7 
The effect of presentation and mode of delivery on neonatal 
outcome in the second twin (Greig et:al).. 1992;167: 
901-6 
Excessive maternal weight and pregnancy-outcome (John- 
‘son et al), 1992;167:353-72 
Morbidity of failed labor in patients with ptior cesarean 
section (Stone et al). 1992;157:1513-7 
Randomized, double-blind study of cefotetan and cefoxitin 
In post—cesarean section endometritis Menem et al). 
1992;167:139-43 
Red blood cell transfusion and cesarean section (Dickason 
and Dinsmoor). 1992;167:327-32 
Repeated intracervical instillation of prostaglandin E, effi- 
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Cesarean section—cont’d 
cacy and safety (Fruchter) (Letter); (Milliez) (Reply). 
1992;167:1482-3 

Transverse uterine incision closure: one versus two layers 
(Hauth et al). 1992;167:1108-11 

Chemotactic factors 

Chemotactic factor in the pregnant rabbit uterine cervix 

(Uchiyama et al). 1992;167:1417-22 
Chernobyl fallout; see Radioactive fallout 
Chest; see Thorax 
Child development 

Antenatal tests of fetal welfare and development at kage 2 
years (Todd et al), 1992;167:66-71 

Chlamydia trachomatis 

Antibodies tó Chlamydia trachomatis in sera of women with 
recurrent spontaneous abortions (Witkin and Ledger). 
1992; 167:135-9 

Detection of cervical Chlamydia trachoriatis and Neisseria gon- 
orrhoeae- with deoxyribonucleic acid probe assays in ob- 
stetric patients (Hosein et al). 1992;167:588-91 . 

Cholecystokinin 

Suppression of 24-hour cholecystokmin secretion by oral 

contraceptives (Karlsson et al). 1992;167:58-¢ 
Chorioamnionitis 

Evaluation of rapid diagnostic tests in the detection of mi- 
crobial invasion of the amniotic cavity (Coultrip and 
Grossman). 1992: 167:1231-42 

Infection and labor. VIII. Microbial invasion of the amniotic 
cavity in patients with suspected cervical incompetence: 
prevalence and clinical significance (Romero et al). 
1992; 167:1086-91 

The presence of amniotic fluid leukcattractants accurately 
identifies histologic chorioamnionitis and predicts tocol- 
ytic efficacy in patients with idiopathic preterm labor 
(Cherouny et al), 1992:167:683-8 

Use of esterase inhibitors and zone electrophoresis to define 
bacterial esterases in amniotic, aid (Hoskins et al). 
1992;167:1579-82 

Choriocarcinoma 

Ifosfamide alone and in combination in the treatment of 
-refractory malignant gestational trophoblastic disease 
(Sutton et al). 1992;167:489-95 

Interferon-y receptors on human gestational choriocarci- 
noma ¢ell lines:-quantitative and functional studies (Fulop 
etal). 1992; 167:524-30° : 

Chorion 

‘Vascularization of the ovine amnion and chorion: a mor- 

‘phometric characterization of the surface area of the in- 

tramembranous pathway (Brace et al). 1992;167:1747-55 
Chorionic gonadotropins; see Gonadotropins, chorionic 
Chorionic villi sampling 

Identification of varicella zoster virus infection (Amstey) 
(Letter); (Isada) (Reply). 1992;167:1480-1 | 

A modified freehand ultrasonographically guided tech- 
nique in transabdominal chorionic villus sampling (Saura 
et al). 1992;167:1483-4 (Letter) 

Rapid prenatal diagnosis by fluorescer:t in situ hybridization 
of chorionic villi: an adjunct to Icng-term culture and 
karyotype (Evans et al). 1992;167:1522-5 

Study of thromboxane and prostacyclin metabolism in an 
in vitro model of first-trimester human trophoblast (Diss 
et al). 1992;167:1046-52 

Choroid plexus 

Fetal choroid plexus cysts and trisomy 18 (Bernstein) a 

ter); (Platt) eae 1992;167:293 
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Chromosome abnormalities 
Placental insufficiency ‘as a possible cause of low maternal 
serum human chorionic gonadotropin and low maternal 
. serum, unconjugated estriol levels in triploidy (Fejgin et 
al). 1992;167:766-7 
Rapid prenatal diagnosis by fluorescent in situ hybridization 
of chorionic villi: an adjunct to long-term culture and 
karyotype (Evans et al). 1992;167:1522-5 
Second-trimester echogenic bowel and chromosomal ab- 
normalities (Scioscia et al). _992;167:889-94 
The smaller than expected first-trimester fetus is at in- 
creased risk for chromosome anomalies (Drugan et al). 
1992; 167:1525-8 
Cicatrix 
Rupture of uterine scar with extensive maternal bladder 
laceration after cocaine abuse.(Hsu et al). 1992;167:129- 
30 
Cigarette smoking; see Smoking 
Circadian rhythm 
Myometrial contractile responsiveness to oxytocin after 
dexamethasone suppression of circadian uterine activity 
in pregnant rhesus macaques during late gestation (Duc- 
say et al). 1992;167:1636-41 
Circulating lymphocyte subsets; see Lymphocyte subsets 
Circumcision 
Anesthesia for neonatal circumcision aids hazard detection 
(Flowers and Banks). 1992;167:1480 (Letter) 
Clavulanic acid 
Transfer of Timentin (ticarcillin and clavulanic acid) 
across the in vitro perfused human placenta: compari- 
son with other agents (Fortunato et al). 1992;167: 
1595-9 
Clinical opinion 
Clinical opinion. 1992;167:417-23, 577-87, 1203-12 
Clotting; see Blood coagulation 
Coagulation; see Blood coagulation 
Cocaine 
Cocaine impairs gonadotropin secretion in oophorectom- 
ized monkeys (Cafiez et al). 1992;167:1785-93 
Fetal catecholamine, cardiovascular, and neurobehavioral 
responses to cocaine (Chan et al). 1992;167:1616-23 
Rupture .of uterine scar with extensive maternal bladder 
laceration after cocaine abuse (Hsu et al). 1992;167:129- 
30 
Cognition 
Antenatal tests of fetal welfare and Eve pmenh at age 2 
years (Todd et al). ee ‘167:66-7] 
Cold 
Cold therapy in the management of postoperative cesarean 
section pain (Amin-Hanjani et al). 1992;167:108-9 
Collagenase 
Activation of protein kinase C stimulates collagenase pro- 
duction by cultured’ cells of the cervix of the pregnant 
guinea pig (Rajabi et al). 1992;167:194-200 
Serum collagenase levels in relation to the state of the hu- 
man cervix during pregnancy and labor.(Granstrém et 
al). 1992;167:1284-8 
Colposcopy 
Oral condyloma lesions in patients with extensive genital 
human papillomavirus infection (Panici et al). 
1992;167:451-8 
Commuting; see Transportation 
Computed tomography; see Tomography, x-ray computed 
Computers 
Computerized measurement of heart rate variation in fetal 


Volurne 167 
Number 6 


anemia caused by rhesus alloimmunization, (Economides 
et al), 1992;167:689-93 
Condyloma acuminata 

Oral condyloma lesions in patients with extensive genital 
human papillomavirus infection <Panici- et al). 
1992;167:451-8 

Congenital cystic adenomatoid malformation of lung; see 

Cystic adenomatoid malformation of lung, congenital 

Congenital hydronephrosis; see Hydronephrosis 
Connective tissue 

Idiopathic myelofibrosis in pregnancy: a case report and 

review of the literature (Taylor et al). 1992;167:38-9 
Connexin 43 

An immunochemical and immunocytologic study of the in- 
crease in myometrial gap junctions (and connexin 43) in 
rats and humans: during pregnancy (Tabb et al). 
1992;167:559-67 

Studies of connexin 43 and cell-to-cell coupling in cultured 
human uterine smooth muscle {Sakai et al). 
1992;167:1267-77 

Consultants 

Consultants for the American Journal of Obstetrics and Gy- 
necology, September 1, 1991—-August 31, 1992. 
1992; 167:1487-98 

Consumerism 

From Fanny to Fernand: the development of consumerism 
in pain control during the birth process (De Haven Pitcock 
and Clark). 1992;167:531-7 (Clin. opinion) 

Contraception 

Delayed endometrial maturation induced by daily admin- 
istration of the antiprogestin RU 486: a potential new 
contraceptive strategy (Batista et al). 1992;167:60-5 

Ethically justified guidelines for family planning interven- 
tions to prevent pregnancy in female patients with chronic 
mental illness (McCullough et al). 1992;167:19-25 

Imaging of the levonorgestrel implantable contraceptive de- 
vice (Twickler and Schwarz). 1992;167:572-3 (Letter) 

Sterilization needs in the 1990s: the case for quinacrine 
nonsurgical female sterilization (Mumford and Kessel). 
1992;167:1203-7 (Clin. opinion) 

Teenage pregnancy prevention: the vital importance of the 
medical community’s involvement (LeHew). 
1992; 167:299-302 (Pres. address) 

Contraceptives, oral 

Changes in coagulation and anticoagulation in women tak- 
ing low-dose triphasic oral contraceptives: a controlled 
comparative 12-month clinical trial (Notelovitz et al). 
1992;167:1255-61 

Contraceptive use projections: 1990 to 2010 ee and 
Vaughan). 1992;167:1160-4 (Symposium) 

Epidemiology of the noncontraceptive effects of Stal con- 
traceptives (Stergachis). 1992;167:1165-70 (Symposium) 

The metabolic impact of oral contraceptives (Krauss and 
Burkman). 1992;167:1177-84 (Symposium) 

Next generation of contraception: oral contraceptives in the 
1990s—introduction (Speroff and DeCherney). 
1992;167:1159 (Symposium) 

A norgestimate-containing oral contraceptive: review of 
clinical studies (Kafrissen). 1992;167:1196-202 (Sympo- 
sium) 

Oral contraceptive use and the incidence of cervical intra- 
epithelial neoplasia (Gram et al). 1992;167:40-4 

Oral contraceptives and gynecologic cancer: an update for 
the 1990s (Kaunitz). 1992;167:1171-6 (Symposium) 

Preclinical evaluation of norgestimate, a progestin with min- 
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imal androgenic activity (Phillips et al). 1992;167:1191-6 
(Symposium) 

Pregnancy loss and thrombosis with protein C deficiency 
(Trauscht-Van Horn et al). 1992;167:968-72 

A randomized, double-blind, placebo-controlled compari- 
son of the impact on follicular development of low-dose 
and triphasic oral contraceptives (Young et al). 
1992;167:678-82 

Recent advances in understanding clotting and evaluating 
patients with recurrent thrombosis (Alving and Comp). 
1992;167:1184-91 (Symposium) 

Reproductive, menstrual, and medical risk factors for en- 
dometrial cancer: results from a case-control study (Brin- 
ton et al). 1992;167:1317-25 

Suppression of 24-hour cholecystokinin secretion by oral 
contraceptives (Karlsson et al). 1992;167:58-9 

Contraction; see Uterine contraction 
Convulsions 

Convulsions in pregnancy in related gorillas (Thornton and 

Onwude). 1992;167:240-1 
Coronary vessels 

Angina and normal coronary arteries in women: gyneco- 

logic findings (Sarrel et al). 1992;167:467-72 
Corpus luteum 

Influence of corpus luteum age on the steroidogenic re- 
sponse to exogenous human chorionic gonadotropin in 
normal cycling women (Fritz et al). 1992;167:709-16 

Corrections 

Circulating lymphocyte subsets in second- and third-trimes- 
ter fetuses: comparison with newborns and adults (Berry 
et al) (1992; 167:895-900). 1992; 167:1898 

The clinical diagnosis of asphyxia responsible for brain 
damage in the human fetus (Low et al) (1992;167:11-5). 
1992;167:1124 

Lipid and apolipoproptein abnormalities in hirsute women 
(Wild et al) (1992; 166:1191-7). 1992;167:575 

Correspondence 

Letters. 1992;167:292-7, 568-73, 854-61, 1150-7, 1479-85, 

1910-7 
Corticotropin; see Adrenocorticotropic hormone 
Corticotropin-releasing factor 

Corticotropin and cortisol responses to corticotropin-re- 
leasing factor in the chronically hypoxemic ovine fetus 
(Kerr et al). 1992;167:1686-90 

Cortisol i 

Corticotropin and cortisol responses to corticotropin-re- 
leasing factor in the chronically hypoxemic ovine fetus 
(Kerr et al). 1992;167:1686-90 

Cultured cells: see Cells, cultured 
Current development 
Current development. 1992;157:1391-8, 1470-8 
Cyclic guanosine monophosphate; see Guanosine cyclic 
monophosphate 
Cyclooxygenase; see Prostaglandin-endoperoxide synthase 
Cystic adenomatoid malformation of lung, congenital 

Nonimmune fetal hydrops caused by bilateral type III con- 
genital cystic adenomatoid malformation of the lung at 
17 weeks’ gestation (Sherer et al). 1992;167:503-5 

Outcome of antenatally diagnosed cystic adenomatoid mal- 
formations (Kuller et al). 1992;167:1038-41 

Cystic hygroma; see Lymphangioima 
Cytochrome P-450 

Properties of an endogenous arachidonic acid~elicited re- 
laxing mechanism in human placental vessels (Omar et 
al). 1992;167:1064-70 
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Cytokines 

Comparison of cytokine levels and embryo toxicity in 1 peri- 
toneal fluid in infertile women with untreated or treated 
endometriosis aay et al). 1992;167:265-70 (Sym- 
posium) 

The natural interleukin-1 receptor artagonist prevents in- 
terleukin-1~induced preterm delivery in mice (Romero 
and Tartakovsky). 1992;167:1041-5 

Quantitation of tumor necrosis factor-a, interleukin-1B, and 
interleukin-6 in the effusions of ovarian epithelial neo- 
plasms (Kutteh ard Kutteh). 1992;167:1864-9 

Tumor necrosis factor-a in midtrimester amnictic fluid is 
associated with impaired intrauterine fetal growth (Hey- 
borrie et al). 1992; 167: 920-5 

Cytotoxins 

Divergent effects of taxol on tumor necrosis factor-a~me- 

diated cytolysis of ovarian carcinoma cells (Williams et al). 


1999:167:1870-6 
| D 


Danazol ; 

Depot leuprolide versus danazol in treatment of women 
with symptomatic endometriosis, I. Efficacy results 
(Wheeler et al). 1992;167:1367-71 

Effects of danazol at the immunologic level in patients with 
adenomyosis, witk special reference to autoantibodies: a 
multi-center cooperative study (Ota et al). 1992;167: 
481-6 . 

Death 

Very few illegal abortion deaths (Willke) (Letter); (Chavkin 
and Rosenfield) Reply) 1992; 167:854-5 - 

Decidua 

Secretion of prolactin and insulin-like growth factor I by 
decidual explant cultures from pregnancies complicated 
by .intrauterine growth retardation (Heffner et al). 
1992;167:1431-6 i 

Decompression 

Reversal of fetal distress by emergency in utero decompres- 
sion of hydrothorax (Mandelbrot ex al). 1992:167:1278- 

' 83 

Dehiscence; see Surgical wound dehiscence ` 
Dehydration 

Dehydration increases the ia response to airial natri- 

` uretic peptide in ie sheep (Dodd et al). 19925167: 
1710-6 

Ovine maternal and fetal renal vasopressin receptor re- 
sponse to maternal dehydratior. (Kullama et al). 
1992;167:1717-22 

Dehydroepiandrosterone 

Lipoprotein abnormalities in hirsute women. I]. Compen- 
satory responses of insulin resistance and dehvdroepian- 
drosterone sulfate with obesity (Wild et al). 
1992;167:1813-8 

Outcome of corticotropin stimulation testing in women with 
androgen excess and ovulatory dysfunction (Bates et al). 
1992;167:308-12 | 

DeLee suction; see Suction 
Delivery : 

Blood and amniotic Auid contact sustained by obstetric per- 
sonnel during deliveries (Panlilio et al). 1992;167:703-8 

Changes in human fetal cerebral oxygenation and blood 
volume during delivery (Peebles et al). 1992;167:1916-7 
(Letter) 

The development and testing of new instruments for op- 
erative vaginal delivery (Elliott et al). 1992;167:1121-4 
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The effect of presentation and mode of delivery on neonatal 
outcome in the second twin (Greig et al). 1992:167: 
901-6 

Deoxyribonucleic acid probes; see DNA probes 
Depot leuprolide; see Leuprolide 
Developing countries 

Interactions between intrauterine contraceptive device use 
and breast-feeding status at time of intrauterine contra- 
ceptive device insertion: analysis of TCu-380A acceptors 
in developing countries (Farr and ia 1992;167:144- 
5] 

Dexamethasone 

-Myometrial contractile responsiveness to oxytocin after 
dexamethasone suppression of circadian uterine activity 
in pregnant rhesus macaques during late gestation (Duc- 

say et al). 1992;167:1636-41 
Diabetes, gestational 

Glycated hemoglobin of fractionated erythrocytes, glycated 
albumin, and plasma fructosamine during pregnancy 
(Kurishita et al). 1992;167:1372-8 

Is the glucose challenge test really unnecessary? (Butler et 
al) (Letter); (Neilson etal) (Reply). 1992;167:1152-3 

Maternal characteristics, neonatal outcome, and the time of 
diagnosis of gestational diabetes’ Eee et al). 
1992; 167:976-82 

Predictive factors for the development of pea in women 
with previous gestational diabetes mellitus (Damm et t al). 
1992;167:607-16 

Diabetes mellitus 

Predictive factors for the development of diabetes in women 
with previous gestational diabetes meee (Damm et al). 
1992;167:607-16 R og 

Randomized trial of human versus animal species insulin in 
diabetic pregnant women: improved glycemic control, not 
fewer antibodies to insulin, influences birth weight (Jov- 
anovic-Peterson et al}. 1992;167:1325-30 

Diabetes mellitus, insulin-dependent , 

Fetal surveillance in pregnancies complicated by insulin- de- ` 
pendent diabetes mellitus (Landori et al). 1992; 167:817- 
21 

HLA-DQB57 in Hispanic patients with insulin-dependent 
diabetes mellitus (Lee et al). 1992; 167:1565-70 © 

Diabetic nephropathies 

Doppler velocimetry and fetal heart rate studies in nephro- 

pathic diabetics (Salvesen et al). iaaa; 167:1297-303 
Diarrhea 

A unique hypertonic response to hypotonic infusion in the 

pregnant ewe (Powers and Brace). 1992;167:1698- 709 
Dicidua 

Tumor necrosis factor-a selectively stimulates prostaglandin 
F,, production by macrophages in human term decidua 
(Norwitz et al). 1992;167:815-20 

Dinaprost 

Tumor necrosis factor-a selectively stimulates prostaglandin 
F,, production by macrophages in human term decidua 
(Norwitz et al). 1992;167:815-20 

Dinoprostone 

A human endometrial explant system: validation and po- 
tential applications (Dudley et al). 1992;167:1774-80 

Midtrimester pregnancy termination: a randomized trial of 
prostaglandin E versus ConceDratee oxytocin (Owen et 
``al). 1992;167:1112-6 

Repeated intracervical instillation of prostaglandin E; efh- 
cacy and safety (Fruchter) (Letter); (Milliez) (Reply). 
1992;167:1482-3 
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Transforming growth factor-B opposes the stimulatory ef- 
fects in interleukin-1 and tumor necrosis factor on am- 
nion cell prostaglandin Ey production: implication for 
preterm labor (Bry and Hallman). 1992;167:222-6 

DNA 

Culture characteristics of human endometrial glandular ep- 
ithelium throughout the menstrual cycle: modulation of 
deoxyribonucleic acid synthesis by 178-estradiol and me- 
droxyprogesterone acetate (Marshburn et al). 
1992; 167:1888-98 | 

DNA probes 

Detection of cervical Chlamydia trachomatis and Neisseria gon- 
orrhoeae with deoxyribonucleic acid probe assays in ob- 
stetric patients (Hosein et al). 1992;167:588-91 

_ Doppler ultrasonography; see Ultrasonography 
Doppler velocimeters; sce Flowmeters 
Down syndrome 

The effect of gestational age on maternal serum a-fetopro- 
tein levels in pregnancies with Down syndrome (Cuckle) 
(Letter); (del Junco et al) (Reply). 1992; 167:569-70 

Fetuses with Down syndrome have disproportionately short- 
ened frontal lobe dimensions on ultrasonographic ex- 
amination (Bahado-Singh et al). 1992;167:1009-14 

Multiple-marker screening in pregnancies with hydropic 
and nonhydropic Turner syndrome (Saller et al). 
1992;167:1021-4 

Screening for Down syndrome with the femur length/bi- 
parietal diameter ratio: a new twist of the data (Platt et 
al). 1992;167:124-8 

Dye dilution technique 

Amniotic fluid volume assessment: comparison of ultrason- 
ographic estimates versus direct measurements with a 
dye-dilution technique in human pregnancy (Dildy et al). 
1992:167:986-94 


E 


Early gestation; see Pregnancy trimester, first 
Eating disorders 
Baking powder pica mimicking preeclampsia (Barton et al). 
1992:167:98-9 
Echogenic bowel; see Intestines 
Eclampsia 
Cerebral imaging in eclampsia: magnetic resonance imaging 
versus computed tomography (Dahmus et al). 
1992;167:935-41 
Convulsions in pregnancy in related gorillas (Thornton and 
Onwude). 1992;167:240-1 
What is intercurrent eclampsia? (Leiberman) (Letter); (Ló- 
pez-Llera) (Reply). 1992;167:1481-2 
Ectopic pregnancy; see Pregnancy, ectopic 
Edema 
Increased lymphatic pumping ability in peragi ewes (Val- 
enzuela et al). 1992;167:1756-9 
Long-term vascular volume expansion maintains elevated 
thoracic duct lymph flow (Valenzuela): 1992;167:1453-8 
Multiple-marker screening in pregnancies with hydropic 
and nonhydropic Turner syndrome (Saller et al). 
1992;167:102i-4 
Education, medical 
Resident research in obstetrics and gynecology: develop- 
ment of a program with comparison to a national survey 
of residency programs (Sulak et al). 1992;167:498-502 
Eicosanoids l 
Study of thromboxane and prostacyclin metabolism in an 
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in vitro model of first-trimester human trophoblast (Diss 
et al). 1992;167:1046-52 
Ejaculation — . 

Electroejaculation in combination with in vitro fertilization 
and gamete micromanipulation for treatment of aneja- 
culatory male infertility (Toledo et al). 1992;167:322-6 

Electric countershock 

Pregnancy complicated by chronic cardiomyopathy and an 
automatic implantable cardioverter defibrillator (Piper et 
al). 1992;167:506-7 (Case rep.) 

Electrocardiography 

Cardiac electromechanical dissociation in the Hypoxic fetal 
sheep may have clinical implications (Lewinsky et al). 
1992;167:246-9 

Electrodes, implanted 

Electrocortical activity, electroocular activity, and breathing 
movements in fetal sheep with prolonged: and graded 
hypoxemia (Richardson et al). 1992;167:553-8 

Electroejaculation; see Ejaculation 
Electroencephalography 

Prenatal exposure to phenobarbital and quantifiable alter- 
ations in the electroencephalogram of adult rat offspring 
(Livezey et al). 1992;167:1611-5 

Electrophoresis 

Use of esterase inhibitors and zone electrophoresis to define 
bacterial esterases in amniotic fuid (Hoskins et al). 
1992; 167:1579-82 

Electrosurgery 

Laparoscopic electrosurgical paphiarenemy: risk of using 
“blanching” as the end point (Reich) (Letter); (Nezhat and 
Nezhat) (Reply). 1992;167:1150-2 

Embolism, amniotic fluid 

Successful pregnancy outcomes after amniotic fluid embo- 

lism (Clark). 1992;167:511-2 (Case rep.) 
Embryo 

Comparison of cytokine levels and embryo toxicity in peri- 
toneal fluid in infertile women with untreated or treated 
endometriosis (Taketani et al). 1992;167:265-70 (Sym- 
posium) 

Embryo transfer 

Genetic offspring in patients with vaginal agenesis: specific 

medical and legal issues (Batzer et al). 1992;167:1288-92 
Emergency medical services 

Microbial etiology of urban emergency department acute 
salpingitis: treatment with ofloxacin (Soper et al). 
1992; 167:553-60 

End-diastolic velocity; see Blood flow velocity 
Endometrial biopsy; see Biopsy 

Endometrial neoplasms; see Uterine neoplasms 
Endometriosis 

Comparison of cytokine levels and embryo toxicity in peri- 
toneal fluid in infertile women with untreated or treated 
endometriosis (Taketani et al). 1992;167:265-70 (Sym- 
posium) 

Depot leuprolide versus danazol in treatment of women 
with symptomatic endometriosis. I. Efficacy results 
(Wheeler et al). 1992;167:1367-71 

Effects of danazol at the immunologic level in patients with 
adenomyosis, with special reference to autoantibodies: a 
multi-center cooperative study (Ota et al). 1992;167: 
481-6 ; 

The fetus as an allograft: immunobiologic role of human 
trophoblasts for fetal survival (Saji et al). 1992;167:251- 
6 (Symposium) 

The impact of endometriosis on the reproductive outcome 
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Endometriosis—cont’d 
of infertile patients (Inoue et al). 1992;167:278-82 (Sym- 
posium) 

Luteal function in infertile patients with endometriosis (Ku- 
suhara). 1992;167:274-7 (Symposium) 

Luteinized unruptured follicle in the early stages of endo- 
metriosis as a cause of unexplained infertility (Mio et al). 
1992; 167:271-3 (Symposium) 

Mechanisms involved in the pituitary desensitization in- 
duced by gonadotropin-releasing hormone agonists 
(Uemura et al). 1992;157:283-91 (Symposium) 

Pathophysiology of infertility associated with endometriosis: 
introductory remarks (Taketani et al). 1992;167:250 
(Symposium) 

Presacral neurectomy for the treatment of pelvic pain as- 
sociated with endometriosis: a controlled study (Candiani 
et al). 1992;167:100-3 

Significance of peritoneal macrophages on fertility in mice 
(Umesaki et al). 1992;167:261-4 (Symposium) 

Suppression of natural killer cell activity by sera from pa- 
tients with endometriosis (Kanzaki et al). 1992;167:257- 
61 (Symposium) 

Endometrium 

Continuous combined conjugated equine estrogen—proges- 
togen therapy: effects of medroxyprogesterone acetate 
and norethindrone acetate on bleeding patterns and en- 
dometriai histologic diagnosis (Hillard et al). 1992;167: 
1-7 

Culture characteristics of human endcmetrial glandular ep- 
ithelium throughout the menstrual cycle: modulation of 
deoxyribonucleic acid synthesis by 178-estradiol and me- 
droxyprogesterore acetate (Marshburn et al), 
1992; 167:1888-98 

Delayed endometrial maturation induced by daily admin- 
istration of the antiprogestin RU 486: a potential new 
contraceptive strategy (Batista et al’. 1992;167:60-5 

Endometrial ablation by means of photodynamic therapy 
with photofrin II (Bhatta et al). 1992;167:1856-63 

Endometrial lymphoid tissue in the timed endometrial bi- 
opsy: morphometric and immunonistochemical aspects 
(Klentzeris et al). 1992;167:667-74 

A human endometrial explant system: validation and po- 
tential applications (Dudley et al). 1992;167:1774-80 

Immunolocalization of the vasoconstrictor endothelin in hu- 
man endometrium during the menstrual cycle and in um- 
bilical cord at birth (Salamonsen et al). 1992;167:163-7 

Randomized, double-blind study of cefotetan and cefoxitin 
in post—cesarean section endometritis (MacGregor et al). 
1992; 167:139-43 

Endometrosis 

Transvaginal ultrasonography in the differential diagnosis 
of adenomyoma versus leiomyoma (Fedele et al). 
1992; 167:603-6 

Endoscopic linear stapler; see Surgical staplers 
Endothelins . 

The comparative effects of big endotaelin-1, endothelin-1, 
and endothelin-3 in the human fetal-placental circulation 
(Myatt et al). 1992;167:1651-6 

Contractile effect of endothelin in the human uterine artery 
and autoradiographic localization of its binding sites 
(Bodelsson et al). 1992:167:745-50 

Effect of endothelin-1 on the uterine vasculature of the 
pregnant and estrogen-treated nonpregnant sheep (Yang 
and Clark). 1992;167:1642-50 

Effect of magnesium sulfate on plasma endothelin-1 levels 
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in normal and preeclamptic pregnancies (Mastrogiannis 
et al). 1992;167:1554-9 
Immunolocalization of the vascconstrictor endothelin in hu- 
man endometrium during the menstrual cycle and in 
umbilical cord at birth (Salamonsen et al). 1992;167: 
163-7 
Endothelium 
An immunohistologic study of endothelialization of utero- 
placental vessels in human pregnancy—evidence that en- 
dothelium is focally disrupted by trophoblast in pre- 
eclampsia (Khong et al). 1992;167:75 1-6 
Endogenous modulation of zhe blunted adrenergic re- 
sponse in resistance-sized mesenteric arteries from the 
pregnant rat (Davidge and McLaughlin). 1992;167: 
1691-8 
Increased lipolytic activity and high ratio of free fatty acids 
to albumin in sera from women with preeclampsia leads 
to triglyceride accumulation in cultured endothelial cells 
(Endresen et al). 1992;167:440-7 
Properties of an endogenous arachidonic acid—elicited re- 
laxing mechanism in human placental vessels (Omar et 
al). 1992;167:1064-70 
Endothelium-derived relaxing factor 
Endothelium-derived relaxing factor inhibition augments 
vascular angiotensin II reactivity in the pregnant rat hind 
limb (Ahokas and Sibai). 1992;167:1053-8 
Epidermal growth factor-urogastrone 
The effect of interferon gamma on epidermal growth factor 
receptor expression in normal and malignant ovarian ep- 
ithelial cells (Boente et al). 1992;167:1877-82 
Messenger ribonucleic acid for transforming growth factor- 
a, but not for epidermal growth factor, is expressed in 
fetal and neonatal mouse brain (Yeh et al). 1992;167: 
242-5 
Episiotomy 
Early repair of episiotomy dehiscence associated with in- 
fection (Ramin et al). 1992;167:1104-7 
Epithelial cells 
B-Carotene levels in exfoliated cervicovaginal epithelial cells 
in cervical intraepithelial neoplasia and cervical cancer 
(Palan et al). 1992;167:1899-903 
Factors influencing the exfoliation of cervicovaginal epithe- 
lial cells (Basu et al). 1992;157:1904-9 
Human ovarian surface epithelial cells are capable of phys- 
ically restructuring extracellular matrix (Kruk and Auer- 
sperg). 1992;167:1437-43 
Simian virus 40—transformed human ovarian surface epi- 
thelial cells escape normal growth controls but retain mor- 
phogenetic responses to extracellular matrix (Maines- 
Bandiera et al). 1992;167:729-35 
Epoprostenol 
Effect of calcitonin gene-related peptide on the uterine vas- 
culature of the nonpregnant ewe (Yang et al). 
1992; 167:178-84 
Low-dose aspirin inhibits lipid peroxides and thromboxane 
but not prostacyclin in pregnant women (Walsh et al). 
1992; 167:926-30 
Placental lipid peroxides and thromboxane are increased 
and prostacyclin is decreased in women with preeclampsia 
(Wang et al). 1992; 167:946-9 
Study of thromboxane and prostacyclin metabolism in an 
in vitro model of first-trimester human trophoblast (Diss 
et al). 1992;167:1046-52 
Erythroblastosis, fetal 
Fetal plasma erythropoietin concentration in red blood cell- 
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isolimmunized pregnancies (Thilaganathan et al). 
1992; 167:1292-7 
Erythrocytes 
Do abnormal Starling forces cause fetal hydrops in red 
blood cell alloimmunization? (Moise et al). 1992;167:907- 
12 
Fetal plasma erythropoietin concentration in red blood cell— 
isotmmunized pregnancies (Thilaganathan et al). 
1992; 167:1292-7 
Glycated hemoglobin of fractionated erythrocytes, glycated 
albumin, and plasma fructosamine during pregnancy 
(Kurishita et al). 1992;167:1372-8 
Nifedipine treatment in preeclampsia reverts the increased 
erythrocyte aggregation to normal (Tranquilli et al). 
1992;167:942-5 
Erythropoietin 
Fetal plasma erythropoietin concentration in red blood cell— 
isoimmunized pregnancies (Thilaganathan et ai). 
1992;167:1292-7 
Esterases 
Comparison of Gram stain, leukocyte esterase activity, and 
amniotic fluid glucose concentration in predicting amni- 
otic fluid culture results in preterm premature rupture 
of membranes (Gauthier and Meyer). 1992;167:1092-5 
Use of esterase inhibitors and zone electrophoresis to define 
bacterial esterases in amniotic fluid (Hoskins et al). 
1992;167:1579-82 
Estradiol 
Correlation of nocturnal increase in plasma oxytocin with 
a decrease in plasma estradiol/progesterone ratio in late 
pregnancy (Fuchs et al). 1992;167:1559-63 
Culture characteristics of kuman endometrial glandular ep- 
ithelium throughout the menstrual cycle: modulation of 
deoxyribonucleic acid synthesis by 178-estradiol and me- 
droxyprogesterone acetate (Marshburn et al). 
1992;167:1888-98 
Role of 17-estradiol and tamoxifen in induction of endo- 
metrial carcinoma in experimental animal model: nude 
mice {(Farghaly) (Letter); (Satyaswaroop) (Reply). 
1992:;167:1154 
Estriol 
Lack of normal increase in saliva estriol/ progesterone ratio 
in women with labor induced at 42 weeks’ gestation 
(Moran et al). 1992;167:1563-4 
Placental insufficiency as a possible cause of low maternal 
serum human chorionic gonadotropin and low maternal 
serum unconjugated estriol levels in triploidy (Fejgin et 
al). 1992; 167:766-7 
Estrogen receptors; see Receptors, estrogen 
Estrogen replacement therapy 
Angina and normal coronary arteries in women: gyneco- 
logic findings (Sarrel et al). 1992;167:467-72 
Behavioral stress responses in premenopausal and post- 
menopausal women and the effects of estrogen (Lindheim 
et al). 1992;167:1831-6 
A comparison of circulating hormone levels in postmeno- 
pausal women receiving hormone replacement therapy 
(Jurgens et al). 1992;167:459-60 
Continuous combined conjugated equine estrogen—proges- 
togen therapy: effects of medroxyprogesterone acetate 
and norethindrone acetate on bleeding patterns and en- 
dometrial histclogic diagnosis (Hillard et al). 1992;167: 
1-7 
Estrogens 
The concentration of estrogen receptors in rabbit uterine 
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myocytes decreases in culture (Sadovsky et al. 
1992;167:1631-5 
Effect of endothelin-1 on the uterine vasculature of the 
pregnant and estrogen-treated nonpregnant sheep (Yang 
and Clark). 1992;167:1642-50 
Estrogen-induced uterine vascdilatation is antagonized by 
L-nitroarginine methyl ester, an inhibitor of nitric oxide 
synthesis (Van Buren et al). 1992;167:828-33 
Long-term vascular volume expansion maintains elevated 
thoracic duct lymph flow (Valenzuela). 1992;167:1453-8 
Reproductive, menstrual, and medical risk factors for en- 
dometrial cancer: results from a case-control study (Brin- 
ton et al). 1992;167:1317-25 
Ethanol; see Alcohol, ethyl 
Ethics 
Ethically justified guidelines for family planning interven- 
tions to prevent pregnancy in female patients with chronic 
mental illness (McCullough et al). 1992;167:19-25 
Genetic offspring in patients with vaginal agenesis: specific 
medical and legal issues (Batzer et al). 1992;167:1288- 
92 
Ethnic factors 
Does ethnicity influence the prevalence of adrenal hyper- 
androgenism and insulin resistance in polycystic ovary 
syndrome? (Carmina et al). 1992;167:1807-12 
Exercise 
Effect of recreational exercise on midtrimester placental 
growth (Clapp and Rizk). 1992;167:1518-21 
Explant system 
A human endometrial explant system: validation and po- 
tential applications (Dudley et al). 1992;167:1774-80 
External cephalic version; see Version, fetal 
Extracellular matrix 
Human ovarian surface epithelial cells are capable of phys- 
ically restructuring extracellular matrix (Kruk and Auer- 
sperg). 1992;167:1437-43 
Simian virus 4C'—transformed human ovarian surface epi- 
thelial cells escape normal growth controls but retain mor- 
phogenetic responses to extracellular matrix (Maines- 
Bandiera et al). 1992;167:729-35 
Extraction, obstetrical 
The development and testing of new instruments for op- 
erative vaginal delivery (Elliott et al). 1992;167:1121-4 
Vaginal foreign body extraction by forceps: a case report 
(Emge). 1992;167:514-5 (Case rep.) 
Eye 
Changes in pupillary diameter in relation to eye-movement 
and no-eye-movement periods in the human fetus at term 
(Horimoto et al), 1992;167:1465-9 
The effect of magnesium sulfate on maternal retinal blood 
flow in preeclampsia: a randomized placebo-controlled 
study (Belfori et al). 1992;167:1548-53 


F 


Family planning 
Ethically justified guidelines for family planning interven- 
tions to prevent pregnancy in female patients with chronic 
mental illness (McCullough et al). 1992;167:19-25 
Fatty acids, nonesterified 
Increased lipolytic activity and high ratio of free fatty acids 
to albumin in sera from women with preeclampsia leads 
to triglyceride accumulation in cultured endothelial cells 
(Endresen et al). 1992;167:440-7 
Femur 
Screening for Down syndrome with the femur length/bi- 


1956 Subject index 


-Femur—cont’d 


parietal diameter ratio: a new ‘twist of the -data (Platt et 


al). 1992;167:124-8 
Fertility 

Contraceptive use projections: 1990 to 2010 (Trussell and. 
Vaughan). 1992;167:1160-4 (Symposium) 

Enhanced follicle regulatory protein levels accompany rein- 
itiation of ovulatory function after varturition (Albertson 
et al). 1992;167:158-62 

Perithepatic adhesions: not necessarily pathognomonic of 
pelvic infection (Amin-Hanjani et al). 1992;157:115-6 

' Significance of peritoneal macrophages on fertility in mice 
(Umesaki et al). 1992;167:261-4 (Symposium): 
Fertilization 

The impact of endometriosis on the reproductive outcome 
of infertile patients (Inoue et al). 1992;167:278-82 (Sym- 
posium) , 

Fertilization in vitro 

Electroejaculation in combination with in vitro fertilization 

and gamete micromanipulation for treatment of aneja- 
.culatory male infertility (Toledo et al). 1992;167: 
522-6 

Genetic offspring in patients with vaginal agenesis: specific 
medical and legai issues (Batzer et al). 1992;167:1288-92 

Obstetric outcome of in vitro fertilization pregnancies com- 
pared with normally conceived Pregianciss (Tan et al). 
1992; 167:778-84 

Prediction of fertilization in vitro with human gametes: Is 
there a litmus test? (Oehninger et al). 1992; 167: 1760-7 

Fetal blood 

8-Endorphin concentrations in fetal blood during the sec- 
ond half of pregnancy eeeeeey et al). 1992;167: 
740-4 

Amniotic fluid composition changes doting urine drainage 
and tracheoesophageal occlusion in fetal sheep (Jang and 
Brace). 1992; 167:1732-4] . 

‘Changes in human fetal cerebral oxygenation and blood 
volume during delivery (Peebles et al). 1992;167:1916-7 
(Letter) l 

Circulating lymphocyte subsets in second- and third-trimes- 
ter fetuses: comparison with newborns and ue (Berry 
et al). 1992;.167:895-900 

The comparative effects of big endothelin-1, Sisco: 
and endothelin-3 in the human fetzl-placental circulation 
(Myatt et al). 1992;167:1651-6 

Computerized measurement of heart rate variation in fetal 
-enemia caused bv rhesus alloimmunization (Economides 
et al). 1992;167: 689-98 

Dehydration increases the renal response to atrial natri- 

_uretic peptide in fetal sheep (Dodd et ve: 1992; 167: 
1710-6 

Effect of maternal oxygen administration on fetal oxygen- 
ation during graded reduction of umbilical or uterine 
blood flow in fetal sheep (Paulick et al). 1992;167:233-9 

Effects of maternal administration of 3% carbon dioxide on 
umbilical artery and fetal renal and middle cerebral artery 
DOPPIGT waveforms (Veille and Penry). 1992;167:1668- 

ral 

Fetal blood sampling in human immunodeficiency virus— 
seropositive women before elective midtrimester termi- 
nation of pregnancy (Viscarello et al). 1992;167:1075-9 

Fetal plasma erythropoietin concentration in red blood cell— 
isoimmunized pregnancies (Thilaganathan et al). 
1 992;167:1292-7 

Maternal and fetal hemodynamic effects of autologous 
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blood donation during pregnancy (Droste et al). 
1992;167:89-93 
' Nitric oxide and prostacyclin inhibit fetal platelet aggre- 
gation: a response similar to that observed in adults (Var- 
ela et al). 1992;167:1599-604 
Normal fetal cardiac flow velocity waveforms between 11 
and 16 weeks of gestation (Wladimiroff et al). 
1992; 167:736-9 
Rapid intramembranous absorption of water infused into 
the ovine allantoic cavity (Gilbert). 1992;167:1742-7 
Validation of noninvasive fetal renal artery how measure- 
ment by pulsed Doppler in the lamb (Neils et al). 
1992; 167:1663-7 
Vascularization of the ovine amnion and chorion: a mor- 
phometric characterization of the surface area of the in- 
tramembranous paiva) (Brace et al). 1992;167:1747-55 
Fetal death 
Cardiac electromechanical dissociation in the hypoxic fetal 
sheep may have clinical unpieangus (Lewinsky et al). 
1992; 167:246-9 
The clinical diagnosis of asphyxia responsible for brain 
damage in the human fetus (Low et al). 1992;167:11-5 - 
_ Pregnancy loss and thrombosis with protein C deficiency 
‘  (Trauscht-Van Horn et al). 1992;167:968-72 
Fetal development 
An ultrastructural study of the developing urogenital tract 
in early human fetuses (Lawrence et al). 1992;167:185- 
93 
_ Autonomic and arginine vasopressin modulation of the hyp- 
oxia-induced atrial natriuretic factor release in immature 
and mature ovine fetuses (Cheung). 1992;167:1443-53 
Effect of fat and fat-free mass deposition during pregnancy 
on birth weight (Villar et al). 1992;167:1344-52 
Use of the fetal chest in estimating fetal weight (Winn et 
al). 1992;167:448-50 l 
Fetal diseases 
Corticotropin and cortisol responses to corticotropin-re- 
leasing factor in the chronically hypoxemic ovine fetus 
(Kerr et al). 1992;167:1686-90 
Fetal choroid plexus cysts and trisomy 18 (Herne) (Let- 
fcr); (Platt) (Reply). '1992;167:293 
First-trimester diagnosis of cystic hygroma-——course and out- 
come (van Zalen-Sprock et al). 1992;167:94-8 
Oligohydramnios and megacolon in a fetus with vesicorectal 
fistula and anal-urethral atresia: a case report is et 
al). 1992;167:79-81] ` 
Fetal distress 
Reversal of fetal distress by emergency in utero decompres- 
sion of hydrothorax (Mandelbrot et al). 1992;167:1278- 
83 
Fetal growth retardation 


. Association of intrauterine fetal growth retardation and 


learning deficits at age 9 to 11 years (Low et aly 
1992; 167:1499-505 
Comparative analysis of normal and growth-retarded pla- 
centas with phosphorus nuclear magnetic resonance spec- 
troscopy (Kay et al). 1992;167:548-53 
- Elevated levels of midtrimester maternal serum a- fetopro- 
tein are associated with preterm delivery but not with fetal 
growth retardation (Davis et al). 1992;167:596-601 
. Maternal floor infarction: relationship to X cells, major basic 
protein, and adverse perinatal outcome (Vernof et al). 
1992; 167:1355-63 
Maternal hyperoxygenation in the treatment of intrauterine 
growth retardation (Battaglia et al). 1992;167:430-5 
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Secretion of prolactin and insulin-like. growth factor I by 
decidual explant cultures from pregnancies complicated 
by intrauterine’ growth retardation (Heffner et al). 
1992; 167:1431-6 

The smaller than expected first-trimester fetus is at in- 
creased risk for chromosome anomalies (Drugan et al). 
1992; 167:1525-8 

Transverse cerebellar diameter measurements in twin preg- 
nancies and the effect of intrauterine growth retardation 
(Lettieri et al). 1992; 167:982-5 

Tumor necrosis factor-a in midtrimester amniotic fluid is 
associated with impaired intrauterine fetal growth (Hey- 
borne et al). 1992;167:920-5 

Fetal heart 

Normal fetal cardiac flow velocity waveforms between 11 
and 16 weeks .of gestation (Wladimiroff et al). 
1992;167:736-9 

Screening for congenital heart disease with the four-cham- 
ber view of the fetal heart (Vergani et al). 1992;167: 
1000-3 

Umbilical venous pressure in nonimmune pon: fetalis: 
correlation with cardiac size (Johnson et al). 
1992; 167:1309-13 

Fetal heart rate; see Heart rate, fetal 
Fetal hydrops; see Hydrops fetalis 
Fetal macrosomia 

Is the glucose challenge test ali unnecessary? (Butler et 
al) (Letter); (Neilson et al) (Reply). 1992;167:1152-3 

Macrosomia in postdates pregnancies: the accuracy of rou- 
tine ultrasonographic screening (Pollack et al). 
1992;167:7-11 l 

Fetal membranes 

Changes in expression of the cyclooxygenase gene in human 
fetal membrares and placenta with labor (Bennett et al). 
1992;167:212-6— 

Transforming growth factor-B opposes the stimulatory ef- 
fects in interleukin-1 and tumor necrosis factor on am- 
nion cell prostaglandin E, production: implication for 
preterm labor (Bry and Hallman). 1992;167:222-6 

Fetal membranes, premature rupture 

Birth weight threshold for postponing preterm birth 
(DePalma et al). 1992;167:1145-9 

Comparison of Gram stain, leukocyte esterase activity, and 
amniotic fluid glucose concentration in predicting amni- 
otic fluid culture results in preterm premature rupture 
of membranes (Gauthier and Meyer). 1992;167:1092-5 

Fetal monitoring 

Cardiac electromechanical dissociation in the hypoxic fetal 
sheep may have clinical implications (Lewinsky et al). 
1992: 167:246-9 

Characterization of fetal body movement recorded by the 
Hewlett-Packard M-1350-A fetal monitor (Melendez et 
al). 1992:167:700-2 

“Classic nonstress test” and “ambulatory stress test” in the 
assessment of umbilical cord compression (Bernardes) 
(Letter); (Collins) (Reply). 1992;167:1911 

Contraction monitoring with a manager calculator (Török 
et al). 1992;167:1389-90 

Effects of sustained hypoxemia on the sheep fetus at mid- 


gestation: endocrine, cardiovascular, and miopiya re- 


sponses (Matsuda et al). 1992;167:531-40 a 
The fetal recoil test (Strong et al). 1992;167:1382-3 
Fetal surveillance in pregnancies complicated by insulin-de- 
pendent diabetes mellitus (Landon et al). 1992; 167:817- 
21 ' 
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Home uterine activity monitoring in France: a randomized, 
controlled trial (Blondel et 41). 1992;167:424-9 

‘Initiation of antepartum -testing in the hypertensive gravid 
woman (Mitra and Herbert). 1992;167:294-5 (Letter) 

Monitoring of intravascular fetal transfusions with Doppler 
velocimetry (Rotmensch et al). 1992;167:1314-6 

Refining the biophysical profile with a risk-related evalua- 
tion of test performance (Devoe et al). 1992;167:346-52 

Fetal movement E 

Automated analysis of the FHR: Evaluation? (Dawes and 
Redman) (Letter); (van Geijn et al) (Reply). 
1992;167:1912-4 

„Changes in pupillary diameter in relation to eye-movement 
and no-eye-movement periods in the human fetus at term 
(Horimoto et al). 1992;167:1465-9 

Characterization of fetal body movement recorded by the 
Hewlett-Packard M-1350-A fetal monitor (Melendez et 
al). 1992:167:700-2 

The development of ultradian rhythms in the human fetus 
(Pillai et al). 1992;167:172-7 

The effect of maternal intravenous glucose administration 
on fetal activity (Eller et al). 1992;167:1071-4 


2» The effect of tocolytic agents (indomethacin and terbuta- 


line} on fetal breathing and body movements: a prospec- 
tive, randomized, double-blind, placebo-controlled. clini- 
cal trial (Hallak et al}. 1992;167:1059-63 
* Effects of sustained hypoxemia on the sheep fetus at mid- 
gestation: endocrine, cardiovascular, and biophysical re- 
sponses (Matsuda et al). 1992;167:531-40 
Electrocortical activity, electroocular activity, and breathing 
movements in fetal sheep with prolonged and graded 
hypoxemia (Richardson et al). 1992;167:553-8 
Fetal heart rate accelerations, fetal movement, and fetal be- 
havior patterns in twin gestations (Gallagher et al). 
1992;167:1140-4 
- Fetal heart rate variability and behavioral state: analysis by 
power spectrum (Davidson et al). 1992;167:717-22 
Home uterine activity monitoring in France: a randomized, 
controlled trial (Blondel et al). 1992;167:424-9 
Position of the vibroacoustic stimulator does not affect fetal 
response (Eller et al). 1992;167:1137-9 
Refining the biophysical profile with a risk-related evalua- 
tion of test performance (Devoe et al). 1992;167:346- 
52. 
Fetal recoil test; see Fetal monitoring 
Fetal transfusion; see Blood transfusion, intrauterine 
Fetomaternal hemorrhage 
Hemorrhagic endovasculitis of the placenta and fetomater- 
nal hemorrhage: A relationship? (Owen) (Letter); (Novak 
et al) (Reply). 1992;167:860- 1 
Fetus, drug effects 
Fetal catecholamine, cardiovascular, and neurobehavioral 
responses to cocaine (Chan et al). 1992;167:1616-23 
Fetal hemodynamic response to maternal intravenous nic- 
otine administration (Clark and Irion). 1992;167:1624- 
3] 
Indomethacin-induced urinary flow rate reduction in the 
ovine fetus is associated with reduced free water clearance 
- and elevated plasma arginine vasopressin levels (Walker 
et al). 1992;167:1723-31 
Prenatal exposure to phenobarbital and quantifiable alter- 
ations in the electroencephalogram of adult rat offspring 
(Livezey et al). 1992;167:1611-5 
Urinary and cardiovascular responses to indomethacin in- 
fusion in the ovine fetus (Walker et al), 1992;167:834-43 
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Fetus, immunology 
Angiotensin II receptors on human fetal adrenal cells (Rai- 
ney et al), 1992;167:1679-85 
Messenger ribonucleic acid for transforming growth factor- 
a, but not for epidermal growth factor, is expressed in 
fetal and neonatal mouse brain (Yeh et al). 1992;167; 
242-5 
Fibronectins 
Circulating concentrations of fetal fibronectin do not reflect 
reduced trophoblastic invasion in preeclamptic pregnan- 
cies (Friedman et al). 1992;167:496-7 
First-trimester; see Pregnancy trimester, first 
Fistula 
Oligohydramnios and megacolon in a fetus with vesicorectal 
f:stula and anal-urethral atresia: a case report (Hallak et 
al), 1992;167:79-81 
Flow cytometry 
Circulating lymphocyte subsets in second- and third-trimes- 
ter fetuses: comparison with newborns and adults (Berry 
et al). 1992; 167:895-900 
Flowmeters 
Ancenatal tests of fetal welfare and development at age 2 
years (Todd et al}. 1992;167:66-71 
Doppler velocimetry and fetal heart rate studies in nephro- 
pathic diabetics (Salvesen et al). 1992;167:1297-303 
Effect of orthostatic stress on umbilical Doppler waveforms 
in normal and hypertensive pregnancies (Sorensen et al). 
1992; 167:643-7 
Effects of maternal administration of 3% carbon dioxide on 
umbilical artery and fetal renal and middle cerebral artery 
Doppler waveforms (Veille and Penry). 1992;167:1668- 
71 
Monitoring of intravascular fetal transfusions with Doppler 
velocimetry (Rotmensch et al). 1992;167:1314-6 
Fluid absorption 
Intrauterine pressure and fluid absorption during contin- 
uous flow  hysteroscopy (Vulgaropulos et al). 
1992; 167:386-91 
Fluid therapy 
A unique hypertonic response to hypotonic infusion in the 
pregnant ewe (Powers and Brace). 1992;167:1698-709 
Fluorescence in situ hybridization 
Rapid prenatal diagnosis by fluorescer.t in situ hybridization 
of chorionic villi: an adjunct to long-term culture and 
karyotype (Evans et al). 1992;167:1522-5 
Follicle regulatory protein 
Enhanced follicle regulatory protein levels accompany rein- 
itiation of ovulatory function after parturition (Albertson 
et al): 1992;167:158-62 ` 
Follicular development 
A randomized, double-blind, placebo-controlled compari- 
son of the impact on follicular development of low-dose 
and triphasic oral contraceptives (Young et al). 
1992;167:678-82 
Forceps 
Vaginal foreign body extraction by forceps: a case report 
(Emge). 1992;167:514-5 (Case rep.) 
Foreign bodies | 
Vaginal foreign body extraction by forceps: a case report 
(Emge). 1992;167:514-5 (Case rep.; 
Fractionated erythrocytes; see Erythrocytes 
France i 
Hore uterine activity monitoring in France: a randomized, 
controlled trial ‘(Blondel et al). 1992;167:424-9 
Free fatty acids; see Fatty acids, nonesterified 
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Free water clearance 
Indomethacin-induced urinary flow rate reduction in the 
ovine fetus is associated with reduced free water clearance 
and elevated plasma arginine vasopressin levels (Walker 
et al). 1992;167:1723-31 
A unique’ hypertonic response to hypotonic infusion in 
the pregnant ewe (Powers and Brace): 1992; 167:1698- 
709 
Frontal lobe 
Fetuses with Down syndrome have disproportionately short- 
ened frontal lobe cimensions on ultrasonographic ex- 
amination (Bahado-Singh et al). 1992;167:1009-14 
Fructosamine 
' Glycated hemoglobin of fractionated erythrocytes, glycated 
albumin, and plasma fructosamine during pregnancy 
(Kurishita et al). 1992;167:1372-8 


G 


Galactose 
Aldose reductase inhibition prevents galactose-induced 
ovarian dysfunction in the Sprague-Dawley rat (Meyer et 
al). 1992;167:1837-43 
Gametes 
Electroejaculation in combination with in vitro fertilization 
and gamete micromanipulation for treatment of aneja- 
culatory male infertility (Toledo et al). 1992; 167:322-6 
Prediction of fertilization in v:tro with human gametes: Is 
there a litmus test? (Oehninger et al). 1992;167:1760-7 
Gap junctions 
An immunochemical and immunocytologic study of the in- 
crease in myometrial gap junctions (and connexin 43) in 
rats and humans during pregnancy (Tabb et al). 
1992; 167:559-67 
Modulation of cell-to-cell coupling between myometrial cells 
of the human uterus during pregnancy (Sakai et al). 
1992; 167:472-80 
Studies of connexin 43 and cell-to-cell coupling in cultured 
human uterine smooth muscle (Sakai et al). 
1992; 167:1267-77 
Genes, ras 
Mutations of the Ki-ras oncogene in endometrial carcinoma 
(Ignar-Trowbridge et al). 1992;167:227-32 
Genetics 
Pathways to hysterectomy: insights from longitudinal twin 
research (Treloar et al). 1992;167:82-8 
Genital diseases 
Oral condyloma lesions in patients with extensive genital 
human papillomavirus infection (Panici et al). 
1992;167:451-8 
Genital prolapse; see Prolapse 
Gestational age 
Composite assessment of gestational age (Thompson) (Let- 
ter); (Hill and Guzick) (Reply). 1992; 167:1153-4 
The effect of gestational age on maternal serum a-fetopro- 
tein levels in pregnancies with Down syndrome (Cuckle) 
(Letter); (del Junco et al) (Reply). 1992;167:569-70 
Physiologic baroreceptor activity in the fetal lamb (Wakat- 
suki et al). 1992;167:820-7 
Use of the fetal chest in estimating fetal weight (Winn et 
al). 1992;167:448-50 
Gestational diabetes; sce Diabetes, gestational 
Gestational fropioblasiie disease; see Trophoblastic tumor 
Glucose 
Comparison of Gram stain, leukocyte esterase activity, and 
amniotic fluid glucose concentration in predicting amni- 
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otic fluid culture results in preterm premature rupture 
of membranes (Gauthier and Meyer). 1992;167:1092-5 

The effect of maternal intravenous glucose administration 
on fetal activity (Eller et al). 1992;167:1071-4 

Glycated hemoglobin of fractionated erythrocytes, glycated 
albumin, and plasma fructosamine during pregnancy 
(Kurishita et al). 1992;167:1372-8 

Longitudinal changes in basal hepatic glucose production 
and suppression during insulin infusion in normal preg- 
nant women (Catalano et al). 1992;167:913-9 

The ranges of insulin response and glucose tolerance in 
lean, normal, and obese women during pregnancy 
(Farmer et al). 1992;167:772-7 

Glucose tolerance test 

Is the glucose challenge test really unnecessary? (Butler et 
al) (Letter); (Neilson et al) (Reply). 1992;167:1152-3 

Maternal characteristics, neonatal outcome, and the time of 
diagnosis of gestational diabetes (Berkowitz et ai). 
1992;167:976-82 

Gonadal dysgenesis 

Absence of the testicular determining factor gene SRY in 
XX true hermaphrodites and presence of this locus in 
most subjects with gonadal dysgenesis caused by Y an- 
euploidy (Tho et al). 1992;167:1794-802 

Gonadorelin 

A case of hidradenitis suppurativa treated with gonadotro- 
pin-releasing hormone agonist and by total abdominal 
hysterectomy with bilateral salpingo-oophorectomy (Bog- 
ers et al). 1992;167:517-8 (Case rep.) 

Intracellular calcium and the signaling mechanism of lu- 
teinizing hormone—releasing hormone in rat granulosa 
cells (Wang et al). 1992;167:541-7 

Leiomyomatosis peritonealis disseminata treated with a go- 
nadotropin-releasing hormone agonist (Hales et al). 
1992;167:515-6 (Case rep.) 

Mechanisms involved in the pituitary desensitization in- 
duced by gonadotropin-releasing hormone agonists 
(Uemura et al). 1992;167:283-91 (Symposium) 

Gonadotropin-releasing hormone; see Gonadorelin 
Gonadotropins 

Cocaine impairs gonadotropin secretion in oophorectom- 
ized monkeys (Cañez et al). 1992;167:1785-93 

Gonadotropins enhance HLA-DR antigen expression in hu- 
man granulosa cells (Tidey et al). 1992;167:1768-73 

Gonadotropins, chorionic 

Influence of corpus luteum age on the steroidogenic re- 
sponse to exogenous human chorionic gonadotropin in 
normal cycling women (Fritz et al). 1992;167:709-16 

A novel change in cytologic localization of human chorionic 
gonadotropin and human placental lactogen in first- 
trimester placenta in the course of gestation (Maruo et 
al). 1992;167:217-22 

Placental insufficiency as a possible cause of low maternal 
serum human chorionic gonadotropin and low maternal 
serum unconjugated estriol levels in triploidy (Fejgin et 
al). 1992;167:766-7 

Gram stain; see Stains and staining 
Granulosa cells 

Gonadotropins enhance HLA-DR antigen expression in hu- 
man granulosa cells (Tidey et al). 1992;167:1768-73 

Intracellular calcium and the signaling mechanism of lu- 
teinizing hormone—releasing hormone in rat granulosa 
cells (Wang et al). 1992;167:541-7 

Guanosine cyclic monophosphate 
Magnesium sulfate therapy in preeclampsia is associated 
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with increased urinary cyclic guanosine monophosphate 
excretion (Barton et al). 1992;167:931-4 


H 


Health personnel 

Blood and amniotic fluid contact sustained by obstetric per- 

sonnel during deliveries (Panlilio et al). 1992;167:703-8 
Heart defects, congenital 

Screening for congenital heart disease with the four-cham- 
ber view of the fetal heart (Vergani et al). 1992;167: 
1000-3 

Term birth after midtrimester hysterotomy and selective 
delivery of an acardiac twin (Ginsberg et al). 1992;167: 
33-7 

Heart failure 

Umbilical venous pressure in nonimmune hydrops fetalis: 
correlation with cardiac size (Johnson et al). 
1992;167:13909-13 

Heart rate, fetal i 

Antenatal tests of fetal welfare and development at age 2 
years (Todd et al). 1992;167:66-71 

Automated analysis of the FHR: Evaluation? (Dawes and 
Redman) (Letter); (van Gen et al) (Reply). 
1992;167:1912-4 , 

Autonomic nervous system regulation of baseline heart rate 
in the fetal lamb (Wakatsuki et al). 1992;167:519-23 

Cardiac electromechanical dissociation in the hypoxic fetal 
sheep may have clinical implications (Lewinsky et al). 
1992; 167:245-9 

Computerized measurement of heart rate variation in fetal 
anemia caused by rhesus allommunization (Economides 
et al). 1992;167:689-93 

Doppler velocimetry and fetal heart rate studies in nephro- 
pathic diabetics (Salvesen et al). 1992;167:1297-303 

Effects of sustained hypoxemia on the sheep fetus at mid- 
gestation: endocrine, cardiovascular, and biophysical re- 
sponses (Matsuda et al). 1992;167:53 1-40 

Fetal heart rate accelerations, fetal movement, and fetal be- 
havior patterns in twin gestations (Gallagher et al). 
1992;167:1140-4 

Fetal heart rate variability and behavioral state: analysis by 
power spectrum (Davidson et al). 1992;167:717-22 

The fetal recoil test (Strong et al). 1992;167:1382-3 

Physiologic baroreceptor activity in the fetal lamb (Wakat- 
suki et al). 1992;167:820-7 

Position of the vibroacoustic stimulator does not affect fetal 
response (Eller et al). 1992;167:1137-9 

Preterm versus term asphyxia (Scheller). 1992;167:1481 
(Reply) , 

Refining the biophysical profile with a risk-related evalua- 
tion of test performance (Devoe et al). 1992;167:346-52 

Urinary and cardiovascular responses to indomethacin in- 
fusion in the ovine fetus (Walker et al). 1992;167:834-43 

Heat . 

Effects of short-term thermal stress on .plasma catechol- 
amine concentrations and plasma renin activity in preg- 
nant and nonpregnant women (Vaha-Eskeli et al). 
1992; 167:785-9 

HELLP syndrome 

Hepatic histopathologic condition does not correlate with 
laboratory abnormalities in HELLP syndrome (hemolysis, 
elevated liver enzymes, and low platelet count) (Barton et 
al). 1992; 167:1538-43 

Hematoma 
Subchorionic hematoma and autoantibodies: Is there a re- 
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Hematoma—cont'd i 
lation? (Fruchter) (Letter); (Baxi and Pearlstone) (Reply). 
1992;167:1150 

Hemodynamics i 

Effect of orthostatic stress on umbilical Doppler wavefornis 
in normal and hypertensive pregnancies (Sorensen et al). 
1992; 167:643-7 

Fetal hemodynamic response to maternal intravenous nic- 
otine administration (Clark and Irion). 1992; 167: eae 
31 

Maternal and fetal hemodynamic effects of tion: 
blood donation during pregnancy (Droste et al). 
1992;167:89-93 

When do cardiovascular parameters return to their precon- 


ception values? (Robson and Dunlop) (Letter); (Capeless ` 


and Clapp) (Reply). 1992;167:1479 , ; 
Hemoglobins l 
Glycated hemoglobin of fractionated erythrocytes, glycated 


. albumin, and plasma fructosamine during pregnancy . 


(Kurishita et al). 1992;167:1372-8 
Hemolysis 
Hepatic histopathologic condition does not correlate with 
laboratory abnormalities in HELLP syndrome (hemolysis, 
elevated liver enzymes, and low platelet count) (Barton et 
al). 1992;167:1538-43 
Hemorrhagic endovasculitis; see Purpura, Schoenlein-Hen- 
och 
Hemostasis 
Changes i in coagulation and anticoagulation in women , tak- 
ing low-dose triphasic oral contraceptives: a controlled 
comparative 12-month clinical trial (Notelovitz et al). 
1992;167:1255-61 
Heparin 
Heparin administration with a pump during pregnancy 
(Hahn) (Letter); (Floyd and Morrison) (Reply). 
1992;167:1914 i 
Hepatotoxicity; see Liver diseases 
Hermaphroditism 
Absence of the testicular determining factor gene SRY in 
XX true hermaphrodites and presence of this locus in 
most subjects with gonadal dysgenesis caused by Y an- 
euploidy (Tho et al). 1992;167:1794-802 
Hernia, abdominal 
Laparoscopic diagnosis and repair of spigelian hernia: re- 
port of a case and technique “Carter and nema 
1992; 167:77-8 
Hewlett-Packard M-1350-A fetal monitor; see Fetal monitor- 
ing 
Hidradenitis 
A case of hidradenitis suppurativa treated with gonadotro- 
pin-releasing hormone agonist and by total abdominal 
hysterectomy with bilateral salpingo-oophorectomy (Bog- 
ers et al). 1992;167:517-8 (Case rep.) 
Hippocampus 
Peripheral magnesium sulfate enters the brain and increases 
the threshold for hippecampal seizures in rats (Hallak et 
al). 1992;167:1605-10 


Transient umbilicai cord occlusion causes . hippocampal. 


damage in the fetal sheep (Mallard et al). 1992; 167:1423- 
30 
Hirsutism 
Lipoprotein abnormalities in hirsute women. H. Compen- 


satory responses of insulin resistancé and dehydroepian-° 


drosterone sulfate with obesity (Wild et al). 
1992;167:1815-8 
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Hispanics 
HLA-DQ£57 in Hispanic patients wih E E 
diabetes mellitus (Lee et al). 1992;167:1565-70 
Histocompatibility antigens 
Predictors for live birth after unexplained spontaneous 
abortions: correlations between immunologic test results, 
obstetric histories, and outcome of next pregnancy with- 
out treatment (Cowchock ard Smith). 1992;167:1208-12 
(Clin. opinion) 
HIV l , 
Changes in T-lymphocyte subpopulations during preg- 
nancy complicated by human immunodeficiency virus in- 
fection (Dinsmoor and Christmas). 1992;167:1575-9 
Fetal blood sampling in human immunodeficiency virus— 
seropositive women before elective midtrimester termi- 
nation of pregnancy (Viscarello et al). 1992;167:1075-9 
Human immunodeficiency virus infection among inner-city 
adolescent parturients undergoing routine voluntary 
screening, July 1987 to March 1991 (Lindsay et al). 
1992;167:1096-9 
Prevalence and prognostic dabane ol anticardiolipin an- 
tibodies in pregnancies comolicated by human immuno- 
deficiency virus—1 infection (Viscarello et al). 
1992; 167: 1080-5 l 
Seroprevalence of human immunodeficiency virus in par- 
turients at Boston City Hospital: implications for publie 
health and obstetric practice (Donegan et al). 
1992;167:622-9 
Survival and disease progression in human immunodefi- 
ciency virus—infected women after an index R 
(Gloeb et al). 1992;167:152-7 i 
The transfer of anti-human immunodeficiency virus nu- 
cleoside compounds by the term human placenta (Baw- 
don et al), 1992;167:1570-4 
HLA antigens 
Immunologic tests in thé evaluation of reproductive dis- 
orders: a critical review (Coulam). 1992;167:1844-5] 
HLA-DQ antigens 
HLA-DQB57 in Hispanic patients with insulin-dependent 
diabetes mellitus (Lee et al). 1992;167:1565-70 
Increased risk for polycystic ovary syndrome associated with 
human leukocyte antigen DQAI*0501 (Ober et al). 
1992; 167:1803-6 : 
HLA-DR antigens 
Gonadotropins enhance HLA- DR antigen expression in hu- 
man granulosa cells (Tidey et al). 1992;167: 1768- 73 
Home monitoring 
Home uterine activity monitoring in France: a randomized, 
‘controlled trial (Blondel et al). 1992;167:424-9 
Hormone replacement therapy; see Estrogen replacement 
therapy 
Human chorionic gonadotropins; see Gonadotropins, cho- 
rionic 
Human immunodeficiency virus; see HIV 
Human papillomavirus; see Papillomaviruses 
Hyaline membrane disease 
Platelet-activating factor antagonists decrease june protein 
leak in preterm ventilated rabbits (Tabor et al). 
1992; 167:810-4 
Hydralazine 
Differential effects of intravenous hydralazine on myoen- 
dometrial and placental blood flow in hypertensive: preg: 
nant ewes (Pedron etal). 1992;167: 1672- 8 


. Hydrogen peroxide 


Hydrogen peroxide and reoxygenation cause prostaglan- 
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din-mediated contraction of human placental arteries and 
veins (Omar et al). 1992;167:201-7 
Hydronephrosis 
Renal pyelectasis in pregnancy: correlative evaluation of fe- 
tal and maternal collecting systems `(Graif et al). 
1992; 167:1304-5 


Ultrasonographic standards for measuring renal collecting. 


system dilation (Persutte and Lenke) oe (Corteville) 
(Reply). 1992; 167: 
Hydrops; sce Edema 
Hydrops fetalis 
Do abnormal Starling forces cause fetal hydrops in red 
blood cell allotmmunization? (Moise et al). 1992;167:907- 
12 
Hemorrhagic endovasculitis of the placenta and fetomater- 
nal hemorrhage: A relationship? (Owen) (Letter); (Novak 
et al) (Reply). 1992;167:860- 1 
Long-term outcome in fetal hydrops from parvovirus B19 
infection (Sheikh et al). 1992;167:337-41 ) 
Nonimmune fetal hydrops caused by bilateral type HI 
congenital cystic adenomatoid malformation of the 
lung at 17 weeks’ gestation (Sherer et al). 1992;167: 
503-5 
Nonimmune hydrops fetalis associated with maternal in- 
fection with syphilis (Barton et al). 1992; 167: 56-8 
Outcome of antenatally diagnosed cystic adenomatoid mal- 
formations (Kuller et al). 1992;167:1038-4] 
Prenatal diagnosis of human parvovirus B19 in nonimmune 
` hydrops fetalis by polymerase chain reaction (Kovacs et 
al). 1992;167:461-6 
Umbilical venous pressure in nonimmune hydrops fetalis: 
correlation with cardiac size (Johnson et al) 
1992; 167:1309-13 
Hydrothorax 
Reversal of fetal distress by emergency in utero decompres- 
sion of hydrothorax (Mandelbrot et al). 1992;167:1278- 
83 
Hyperandrogenism 


Does ethnicity influence the prevalence of adrenal hyper-. 


androgenism and insulin resistance in polycystic ovary 
‘syndrome? (Carmina et al). 1992;167:1807-12 
Hyperbaric oxygenation 
The treatment of pelvic soft tissue radiation necrosis with 
hyperbaric oxyzen (Williams et al). 1992;167:412-6 
Hyperemesis gravidarum 
Transient hyperthyroidism and hyperemesis gravidarum: 
clinical aspects (Goodwin et al). 1992;167:648-52 
Hyperlipidemia 


Increased lipolytic activity and high ratio of free fatty acids - 


to albumin in sera from women with preeclampsia leads 
to triglyceride accumulation in cultured enaorncliare cells 
(Endresen et al). 1992;167:440-7 
Hyperoxygenation: see Oxygen 
Hyperplasia 
Biochemical and immunohistochemical estrogen and pro- 
gesterone receptors in adenomatous hyperplasia and en- 
dometrial carcinoma: correlations with stage and other 
clinicopathologic features (Nyholm et al). 1992; 167;1334- 
42 
Outcome of corticotropin stimulation testing in women with 
androgen excess and ovulatory dysfunction (Bates et al). 
1992;167:308-12 
Hypertension; see also Pre-eclampsia; Pregnancy complica- 
tions, cardiovascular 
Differential effects of intravenous hydralazine on myoen- 


Subject index 1961 


dometrial and placental blood flow in hypertensive preg- 
nant ewes (Pedron et al), 1992;167:1672-8 

Effect of orthostatic stress on umbilical Doppler waveforms 
in normal and hypertensive pregnancies (Sorensen et al). 
1992;167:643-7 

The effects of nifedipine on pregnancy outcome and mor- 
phology of the placenta, uterus, and cervix during late 
pregnancy in the rat (Richichi and Vasilenko). 
1992:167:797-803 | 

Initiation of antepartum testing in the hypertensive 
gravid woman (Mitra and Herbert). 1992;167:294-5 
(Letter) 

Magnesium pyrrolidone carboxylate infusion reduces 
‘angiotensin II pressor response in pregnant women 
at risk for hypertension (Tranquilli et al). 1992;167: 
885-8 

Nifedipine treatment in preeclampsia reverts the increased 
erythrocyte aggregation to normal (Tranquilli et al). 
1992;167:942-5 

Perinatal outcome in pregnancy complicated by massive 
obesity (Perlow et al). 1992;167:958-62 

Proteinuria and its assessment in normal and hyper tensive 
pregnancy (Kuo et al). 1992;167:723-8 

Serial measurements of platelet angiotensin II binding ‘in. 
two patients with hypertension in pregnancy: case reports 

- (Baker and Pipkin). 1992;167:487-8 

Vascular resistance and the umbilical arterial velocity wave- 
forms (Adamson et al) (Letter); (Erkkola and Pirhonen) 
(Reply). 1992:167:1910-1 

Hyperthyroidism 

Transient hyperthyroidism and hyperemesis gravi- 
darum: clinical aspects (Goodwin et al). 1992;167:648- 
52 

Hypomagnesemia 

Maternal ventricular tachycardia associated with hypom- 

agnesemia (Varon et al). 1992;167:1352-5 
Hypotonic solutions 

A unique hypertonic response to hypotonic infusion in 
the pregnant ewe (Powers and Brace). 1992;167:1698- 
709 

Hypoxemia; see Anoxemia 
Hypoxia; sce Anoxia 
Hysterectomy 

Angina and normal coronary arteries in women: gyneco- 
logic ndings (Sarrel et al). 1992;167:467-72 

A case of hidradenitis suppurativa treated with gonadotro- 
pin-releasing hormone agonist and by total abdominal 
hysterectomy with bilateral salpingo-oophorectomy (Bog- 
ers et al). 1992;167:517-8 (Case rep.) 

Laparoscopic hysterectomy: Reinventing the wheel? (Ta- 
dir). 1992;167:296-7 (Letter) 

Pathways to hysterectomy: insights from longitudinal twin. 
research (Treloar et al). 1992;167:82-8 

Selective pelvic and periaortic lymphadenectomy does not 

_ increase morbidity in surgical staging of endometrial car- 
cinoma (Homesley et al). 1992;167:1225-30 

Ureter injury during laparoscopy-assisted vaginal hyster- 
ectomy with the endoscopic linear stapler (Woodland). 
1992;167:756-7 

Hysteroscopy ; 

Intrauterine pressure and fluid absorption during contin- 
uous flow hysteroscopy (Vulgaropulos et al). 
1992; 167:386-91 . 

Hysterotomy 
Term birth after midtrimester hysterotomy and selective 
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Hysterotomy—cont’d 
delivery of an acardiac twin (Ginsberg et al). 1992;167: 
33-7 


I 


Idiopathic myelofibrosis; see Myelofibrosis 
ifosfamide 
Ifosfamide alone and in combination in the treatment cf 
refractory malignant gestational trophoblastic disease 
(Sutton et al). 1992;167:489-95 
IgG 
Antibodies to Chlamydia trachomatis -n sera of women wita 
recurrent spontaneous abortions (Witkin and Ledger:. 
1992;167:135-9 
The immunoglobulin G fraction from plasma containing 
antiphospholipid antibodies causes increased placental 
thromboxane production (Peaceman and Rehnberg). 
1992;167:1543-7 
Imipramine 
Reduced platelet tritium-labeled imipramine binding sites 
in women with premenstrual syndrome (Steege et al. 
1992; 167:168-72 
Immunohistochemistry 
An immunohistologic study of endothelialization of utero- 
placental vessels in human pregnancy—evidence that en- 
dothelium is focally disrupted by trophoblast in pre- 
eclampsia (Khong et al). 1992;167:751-6 
Biochemical and immunohistochemical estrogen and pro- 
gesterone receptors in adenomatous hyperplasia and en- 
dometrial carcinoma: correlations with stage and othe- 
clinicopathologic features (Nyholm. etal). 1992;167:1334- 
42 
Endometrial lymphoid tissue in the timed endometrial bi- 
opsy: morphometric and immunohistochemical aspects 
(Kientzeris et al). 1992;167:667-74 
Immunologic tests 
Immunologic tests in the evaluation of reproductive dis- 
orders: a critical review (Coulam). 1992;167:1844-51 
Predictors for live birth after unexplained spontaneous 
abortions: correlations between immunologic test results, 
obstetric histories, and outcome of next pregnancy with- 
out treatment (Gowchock and Smith). 1992;167:1208-12 
(Clin. opinion) 
Implantable contraceptive device; see Contraception 
In vitro fertilization: see Fertilization in vitro 
Incision closure; see Suture techniques 
Indomethacin 
The effect of tocolytic agents (indomethacin and terbuta- 
line) on fetal breathing and body rnovements: a prospec- 
tive, randomized, double-blind, placebo-controlled clini- 
cal trial (Hallak et al). 1992;167:1059-63 
Indomethacin-induced urinary flow rate reduction in the 
ovine fetus is associated with reduced free water clearance 
and elevated plasma arginine vascpressin levels (Walker 
et al). 1992;167:1723-31 
Urinary and cardiovascular responses to indomethacin in- 
fusion in the ovine fetus (Walker et al). 1992;167:834-4% 
Induced labor; see Labor, induced 
Infant, low birth weight 
Excessive maternal weight and pregnancy outcome (John- 
son et al). 1992;167:353-72 
Infant, newborn 
Circulating lymphocyte subsets in second- and third-trimes- 
ter fetuses: comparison with newborns and adults (Berry 
et al). 1992;167:395-990 
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Congenital deficiency of a-fetoprotein (Greenberg et al). 
1992;167:509-11 (Case rep.) 

Messenger ribonucleic acid for transforming growth factor- 
a, but not for epidermal growth factor, is expressed in 
fetal and neonatal mouse brain (Yeh et al). 1992;167: 
242-5 

Myocardial necrosis in a newborn after long-term maternal 
subcutaneous terbutaline for suppression of premature 
labor (Bey et al) (Letter); (Fletcher et al) (Reply). 
1992; 167:292-3 

A response concerning abortion (Harris) (Letter); (Ryan) 
(Reply). 1992;167:1912 

Infant, premature 

Platelet-activating factor antagonists decrease lung protein 
leak in preterm ventilated rabbits (Tabor et al). 
1992; 167:810-4 

Terbutaline does not improve lung function in preterm rab- 
bits (Fiascone et al). 1992:167:847-53 

Infant mortality 

Birth weight threshold for postponing preterm birth 
(DePalma et al), 1992;167:1145-9 

The clinical diagnosis of asphyxia responsible for brain 
damage in the human fetus (Low et al). 1992;167:11-5 

Infarction 

Maternal floor infarction: relationship to X cells, major basic 
protein, and adverse perinatal outcome (Vernof et al). 
1992; 167:1355-63 

Infection 

Association of cervicovaginal infections with increased vag- 
inal fluid phospholipase A, activity (McGregor et al). 
1992; 167:1588-94 

Blood and amniotic fluid contact sustained by obstetric per- 
sonnel during deliveries (Panlilio et al). 1992;167:703-8 

Early repair of episiotomy dehiscence associated with in- 
fection (Ramin et al). 1992;167:1104-7 

Evaluation of rapid diagnostic tests in the detection of mi- 
crobial invasion of the amniotic cavity (Coultrip and 
Grossman). 1992;167:1231-42 

Perthepatic adhesions: not necessarily pathognomonic of 
pelvic infection (Amin-Hanyjani et al). 1992;167:115-6 

Self-administered home cervicovaginal lavage: a novel tool 
for the clinical-epidemiologic investigation of genital hu- 
man papillomavirus infections (Morrison et al). 
1992;167:104-7 

Infertility 

Comparison of cytokine levels and embryo toxicity in peri- 
toneal fluid in infertile women with untreated or treated 
endometriosis (Taketani et al). 1992;167:265-70 (Sym- 
posium) 

Electroejaculation in combination with in vitro fertilization 
and gamete micromanipulation for treatment of aneja- 
culatory male infertility (Toledo et al). 1992;167:322-6 

The fetus as an allograft: immunobiologic role of human 
trophoblasts for fetal survival (Saji et al). 1992;167:251- 
6 (Symposium) 

Immunologic tests in the evaluation of reproductive dis- 
orders: a critical review (Coulam). 1992;167:1844-51 

The impact of endometriosis on the reproductive outcome 
of infertile patients (Inoue et al). 1992;167:278-82 (Sym- 
posium) 

Luteal function in infertile patients with endometriosis (Ku- 
suhara). 1992;167:274-7 (Symposium) 

Luteal phase deficiency: effect of treatment on pregnancy 
rates (Karamardian and Grimes). 1992; 167:1391-8 (Curr, 
dev.) 
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Luteinized unruptured follicle in the early stages of endo- 
metriosis as a cause of unexplained infertility (Mio et al). 
1992;167:271-3 (Symposium) 

Mechanisms involved in the pituitary desensitization in- 
duced by gonadotropin-releasing hormone agonists 
(Uemura et al). 1992;1€7:283-91 (Symposium) 

Pathophysiology of infertility associated with endometriosis: 
introductory remarks (Taketani et al). 1992;167:250 
(Symposium) 

Regulatory effect of antiphospholipid antibodies on signal 
transduction: a possible model for autoantibody-induced 
reproductive failure (Gleicher et al). 1992;167:639- 
42 

Significance of peritoneal macrophages on fertility in mice 
(Umesaki et al}. 1992;167:261-4 (Symposium) 

Suppression of natural killer cell activity by sera from pa- 
tients with endometriosis (Kanzaki et al). 1992;167:257- 
61 (Symposium) 

Infusion pumps 

The dosing of subcutaneous terbutaline pump tocolytic 
therapy is critical (Lam) (Letter); (Newman) (Reply). 
1992; 167:1156-7 

Heparin administration with a pump during pregnancy 
(Hahn) (Letter); (Floyd and Morrison) (Reply). 
1992;167:1914 

Infusions, intravenous 

Urinary and cardiovascular responses to indomethacin in- 

fusion in the avine fetus (Walker et al). 1992;167:834-43 
Instruments 

The development and testing of new instruments for op- 

erative vaginal delivery (Elliott et al). 1992;167:1121-4 
Insulin 

Does ethnicity influence the prevalence of adrenal hyper- 
androgenism and insulin resistance in polycystic ovary 
syndrome? (Carmina et al), 1992;167:1807-12 

Lipoprotein abnormalities in hirsute women. II. Compen- 
satory responses of insulin resistance and dehydroepian- 
drosterone sulfate with obesity (Wild et al). 
1992;167:1815-8 

Longitudinal changes tn basal hepatic glucose production 
and suppression during insulin infusion in normal preg- 
nant women (Catalano et al). 1992;167:913-9 

Randomized trial of human versus animal species insulin in 
diabetic pregnant women: improved glycemic control, not 
fewer antibodies to insulin, influences birth weight (Jov- 
anovic-Peterson et al). 1992;167:1325-30 

The ranges of insulin response and glucose tolerance in 
lean, normal, and obese women during pregnancy 
(Farmer et al). 1992;167:772-7 

Insulin-dependent diabetes mellitus; see Diabetes mellitus, 
insulin-dependent 
Insulin-like growth factor I 

Secretion of prolactin and insulin-like growth factor I by 
decidual explant cultures from pregnancies complicated 
by intrauterine growth retardation (Heffner et al). 
1992; 167:1431-6 

Interferon-gamma 

The effect of interferon gamma on epidermal growth factor 
receptor expression in normal! and malignant ovarian ep- 
ithelial cells (Boente et al). 1992;167:1877-82 

Interferon-y receptors on human gestational chortocarci- 
noma cell lines: quantitative and functional studies (Fulop 
et al). 1992;167:524-30 

Interleukin-1 
Amniotic fluid tumor necrosis factor-a and interleukin-1 in 


Subject index 1963 


a rabbit model of bacterially induced preterm pregnancy 
loss (McDuffie et al). 1992;167:1583-8 
The natural interleukin-1 receptor antagonist in term and 
preterm parturition (Romero et al). 1992;167:863-72 
The natural interleukin-1 receptor antagonist prevents in- 
terleukin-1—induced preterm delivery in mice (Romero 
and Tartakovsky). 1992;167:1041-5 
Quantitation of tumor necrosis factor-a, interleukin-18, and 
interleukin-6 in the effusions of ovarian epithelial neo- 
plasms (Kutteh and Kutteh). 1992;167:1864-9 
Transforming growth factor-8 opposes the stimulatory ef- 
fects in interleukin-1 and tumor necrosis factor on am- 
nior: cell prostaglandin E, production: implication for 
preterm labor (Bry and Hallman). 1992;167:222-6 
Interleukin-6 
Quantitation of tumor necrosis factor-«, interleukin-18, and 
interleukin-6 in the effusions of ovarian epithelial neo- 
plasms (Kutteh and Kutteh). 1992; 167:1864-9 
Interleukin-8 
Chemotactic factor in the pregnant rabbit uterine cervix 
(Uchiyama et al). 1992;167:1417-22 
International Federation of Gynecology and Obstetrics 
Revision in classification by International Federation of Gy- 
necology and Obstetrics (Creasman). 1992;167:857-8 
(Letter) 
Internship and residency 
Resident research in obstetrics and gynecology: develop- 
ment of a program with comparison to a national survey 
of residency programs (Sulak et al). 1992;167:498- 
502 
Intestines 
Second-trimester echogenic bowel and chromosomal ab- 
normalities (Scioscia et al). 1992;167:889-94 
Intramembranous pathway; see Placenta 
Intrauterine devices 
Interactions between intrauterine contraceptive device use 
and breast-feeding status at time of intrauterine contra- 
ceptive device insertion: analysis of TCu‘380A acceptors 
in developing countries ( Farr and Rivera). 1992;167:144- 
5] 
Intrauterine growth retardation; see Fetal growth retardation 
Irrigation 
Self-administered home cervicovaginal lavage: a novel tool 
for the clinical-epidemiologic investigation of genital hu- 
man papillomavirus infections (Morrison et al). 
1992; 167:104-7 
Items 
Items. 1992;167:298, 576, 862, 1158, 1486, 1920 


K 


Ki-ras oncogene; see Genes, ras 
Kidney 
Assessment of the renal circulation during pregnancy with 
color Doppler ultrasonography (Sturgiss et al). 
1992; 167:1250-4 
Dehydration increases the renal response to atrial natri- 
uretic peptide in fetal sheep (Dodd et al). 1992;167: 
1710-6 
Ovine maternal and fetal renal vasopressin receptor re- 
sponse to maternal dehydration (Kullama et al). 
1992;167:1717-22 
Ultrasonographic standards for measuring renal collecting 
system dilation (Persutte and Lenke) (Letter); (Corteville) 
(Reply). 1992;167: 
Validation of noninvasive fetal renal artery low measure- 


1964 Subject index 


4 


hides con 


ment by puised Bener in the lamb (velie i et al) 


1992;167:1663-7 
Kidney diseases ws 
Natural history of chronic proteinuria complicating preg- 
nancy (Stettler and een) 1992;167:12 19-24 
Killer cells, natural 
Suppression of natural killer cell activity by sera from pa- 
tients with endometriosis (Kanzaki et a): 1992; 167:257- 
5] (Symposium) 
Koratkoff phases 
_ Indirect blood pressure measurement in pregnancy: Ko- 
rotkoff phase 4 versus phase 5 (Johenning and Barron). 
1992;167:577-80 (Clin. opinion) 


L 


Labor . , 
Activation of protein kinase C stimulates collagenase pro- 


duction by cultured cells of the cervix of the pregnant 


guinea pig (Rayabi et al). 1992;167:194-200 

Amnioinfusion does not affect the engi or labor (Macri et 
al). 1992;167:1124-6 

An immunochemical and somone: study of the in- 
crease in myometrial gap junctions (and connexin 43) in 
rats and humans during, pregnancy (Tabb et al). 
1992;167:559-67 

Changes in expression of the cyclooxygenase gene in human 
fetal membranes and placenta with labor (Bennett et al). 
1992;167:212-6 

Decrease in annexin I messenger ribonucleic acid expres- 
sion in human amnion with labor (Lynch-Salamon et al). 
1992; 167:1657-63 

" Enaanced follicle regulatory protein levels accompany rein- 
tiation of ovulatory function after parturition (Albertson 
et al). 1992;167:158-62 

_ From Fanny to Fernand: the development of consumerism 

~ in pain control during the birth process (De Haven Pitcock 
and Clark). 1992:167:581-7 (Clin. opinion) 

_ The natural interleukin-1 receptor antagonist in term and 
preterm parturition (Romero et al). 1992;167:863-72 

. Serum collagenase levels in relation to the state of the hu- 
man cervix during pregnancy and labor (Granström et 

_ al). 1992;167:1284-8 

Labor, induced 

_ Lack of normal increase in saliva estriol/ progesterone ratio 

= in women with labor induced at 42 weeks’ gestation 
(Moran et al). 1992;167:1563-4 

Oxytocin—The more, the better? (Rosen et al) (Letter); 
(Satin et al) (Reply). 1992;167:855-6 

A prospective randomized clinical trial comparing two oxy- 
tocin induction protocols (Muller et al). 1992;167:373- 
8] 

Repeated intracervical instillation of prostaglandin E, effi- 
cacy and safety (Fruchter) Perey (Milliez) (Reply). 
1992; 167:1482-3 

Labor, premature 

Acute intrauterine hypoxia increases amniotic fluid pros- 
taglandin F metabolites in the Penam sheep (Valenzuela 
et al). 1992;167:1459-64 

Amniotic fluid tumor necrosis factor-a and interleukin-[ in 

~ a rabbit model of bacterially induced preterm pregnancy 
loss (McDuffie et al). 1992;167:1583-8 

Antepartum management of picts zestations (Peaceman 

"et al). 1992;167:1117-20 

. Association of ea infections with increased vag- 
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inal Huid phospholipase Ag activity (McGregor et al). 
1992;167:1588-94 

Birth weight threshold for postponing preterm birth 
(DePalma et al). 1992;167:1145-9 

Calcium homeostasis in pregnant women receiving long- 
term magnesium sulfate therapy for preterm labor (Smith 
et al). 1992;167:45-51 

‘Contraction monitoring with a manager calculator (Török 
et al). 1992;167:1389-90 

Daily commuting and ‘preterm birth rate (Saurel-Cubi- 
zOlles). 1992;167:571-2 (Letter) 

The dosing of subcutaneous terbutaline pump tocolytic 
therapy is critical (Lam) ‘Letter); (Newman) (Reply). 
1992;167:1 156-7 

The effects of nifedipine on pregnancy outcome and mor- 
phology of the placenta, uterus, and cervix during late 
pregnancy in the rat (Richichi and Vasilenko). 
1992; 167:797-803 | 

Elevated levels of midtrimester maternal serum a- fetopro- 
tein are associated with preterm delivery but not with fetal 
growth retardation (Davis et al). 1992;167:596-601 

Failure of ritodrine to prevent. preterm labor in the sheep 
(Lye et al). 1992;167:1399-408 

Hepatotoxicity with the administration of nifedipine for 
treatment of preterm labor (Sawaya and Robertson). 
1992; 167:512-3 (Case rep.) 

Home uterine activity monitoring in France: a randomized, 
controlled trial (Blondel et al). 1992;167:424-9 

Infection and labor. VIII. Microbial invasion of the amniotic ~ 
cavity in patients with suspected cervical incompetence: 

. prevalence and clinical significance (Romero et al). 
1992;167:1086-91 | . . 

Myocardial necrosis in a newborn after long-term maternal 
subcutaneous terbutaline for suppression of premature 
labor (Bey et al). (Letter); (Fletcher et al) (Reply). 
1992;167:292-3 

The natural interleukin-1 receptor antagonist in term 
and aed parturition (Romero et al). 1992;167:863- 
72 

The natural interleukin-] receptor antagonist prevents in- 
terleukin-1~induced, preterm delivery in mice (Romero 

. and Tartakovsky). 1992;167:1041-5 

Neonatal periventricular-intraventricular hemorrhage after 
maternal $-sympathomimetic tocolysis (Groome et al). 
1992; 167:873-9 . 

Nifedipine for treatment of preterm labor: a historic pro- 
spective study (Murray et al). 1992;167:52-6 

Oral magnesium chloride for the prevention of recurrent 
preterm labor (Caritis) (Letter); (Goodman et al) (Reply). 
1992;167:1155-6' 

The presence of amniotic fluid leukoattractants accurately 
identifies histologic chorioamnionitis and predicts tocol- 

` ytic efficacy in patients with idiopathic preterm labor 
(Cherouny et al). 1992;167:683-8 

Subtherapeutic doses of magnesium sulfate do not inhibit 
preterm labor (Elliott) (Letter); (Cox et al) (Reply). 
1992-167:568-9 

Transforming growth factor-f# opposes the stimulatory ef- 
fects in interleukin-] and tumor necrosis factor on am- 
nion cell prostaglandin E, production: implication for 
preterm labor (Bry and Hallman). 1992;167:222-6 

Labor presentation 

The effect of presentation and mode of delivery on neonatal 

_ outcome in the second twin (Greig et al). 1992;167: 
901-6 
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‘Labor stage, first 
Chemotactic factor in the pregnant rabbit uterine cervix 
(Uchiyama et al). 1992;167:1417-22 


Infection and labor. VIII. Microbial invasion of the amniotic 


cavity in patients with suspected cervical incompetence: 

_ prevalence and clinical significance (Romero. et al). 

1992; 167:1086-91 
Laparoscopy; see Peritoneoscopy 
Laser surgery 

Laser therapy for intraepithelial cancer of the vagina (Sher- 
man). 1992;167:293-4 (Letter) 

The. use of carbon dioxide laser laparoscopy in the treat- 
ment of tubal ectopic pregnancies - (Paulson). 
1992;167:382-6 . 

Learning disorders 

Association of intrauterine fetal growth retardation and 
learning deficits at age 9 to 1] years (Low et al). 
1992;167:1499-505 | 

Legislation 


Genetic offspring in patients with vaginal agenesis: specific © ' 


medical and legal issues (Batzer et al). 1992;167:1288-92 

Very few illegal abortion deaths (Willke) (Letter); (Chavkin 

and Rosenfield) (Reply). 1992;167:854-5 
Leiomyoma 

Leiomyomatosis peritonealis disseminata treated with a go- 
nadotropin-releasing hormone agonist (Hales et al). 
1992;167:515-6 (Case rep.) 

Transvaginal ultrasonography in the differential diagnosis 
of adenomycoma versus leiomyoma (Fedele et al). 
1992;167:603-6 

Length of labor; see Labor 
Letters 

Letters. 1992;167:292-7, 568-73, 854-61, 1150-7, 1479-85, 

1910-7 
Leukocytes 

Comparison of Gram stain, leukocyte esterase activity, and 
amniotic fluid glucose concentration in predicting amni- 
otic fluid culture. results in preterm premature rupture 
of membranes (Gauthier and Meyer). 1992;167:1092-5. 

Endometrial lymphoid tissue in the timed endometrial bi- 
opsy: morphcmetric and immunohistochemical aspects 
(Klentzeris et al). 1992;167:667-74 

Evaluation of rapid diagnostic tests in the detection of mi- 
crobial invasion of the amniotic cavity (Coultrip and 
Grossman). 1992;167:1231-42 

The presence of amniotic fluid leukoattractants accurately 
identifies histologic chorioamnionitis and predicts tocol- 
ytic efficacy in patients with idiopathic preterm labor 
- (Cherouny et al). 1992;167:683-8 

Leuprolide 

Depot leuprolide versus danazol in treatment of women 
with symptomatic endometriosis. I. Efficacy results 
(Wheeler et al). 1992;157:1367-71 

Levonorgestrel 

Imaging of the levonorgestrel aaiae contraceptive de- 

vice (Twickler and Schwarz). as 167:572-3 (Letter) 
Lidocaine 

Comparison of the efficacy of different local anesthetics and 
techniques of local anesthesia in therapeutic abortions 
(Wiebe). 1992:167:131-4 

Lipid peroxides Seat 

Low-dose aspirin inhibits lipid rds and rondone 
but not prostacyclin in pregnant women (Walsh et al). 
1992;167:926-30 

Placental lipid peroxides and thromboxane are increased 


Subject index 1965 


and prostacyclin is decreased in women with preeclampsia 
(Wang et al). 1992;167:946-9 
Lipids 

The metabolic mpa of oral contraceptives (Krauss and 

Burkman). 1992;167:1177-84 (Symposium) 
Lipolysis 

Increased lipolytic activity and high ratio of free fatty acids 
to albumin in sera from women with preeclampsia leads 
to triglyceride accumulation in cultured endothelial cells 
(Endresen et al). 1992;167: pica 7 

Lipoproteins 
Lipoprotein abnormalities i in hirsute women, II. Compen- 
satcry responses of insulin resistance and dehydroepian- 
_drosterone sulfate with obesity (Wild et al). 
1992; 167:1813-8 
Liver 

Hepatic histopactolonie condition does not correlate with 
laboratory abnormalities in HELLP syndrome (hemolysis, 
elevated liver enzymes, and low pIe count) (Barton et 
al): 1992; 167:1538-43 

Longitudinal changes in basal hepatic glucose production 
and suppression during insulin infusion in normal preg- 
nant women (Catalano et al). 1992;167:913-9 

Liver diseases 

Hepatotoxicity with the administration of nifedipine for 
treatment of preterm labor (Sawaya and Robertson). 
1992;167:512-3 (Case rep.) 

Local anesthesia; see Anesthesia 

Low birth weight infant; see Infant, low birth weight 

Lung 

Platelet-activating factor antagonists decrease lung protein 
leak in preterm ventilated rabbits (Tabor et al). 
1992;167:810-4 

Terbutaline does not improve jing function in preterm rab- 
bits (Fiascone et al). 1992;167:847-53 

Lung diseases 

Nonimmune fetal hydrops caused by bilateral type III con- 
genital cystic adenomatoid malformation of the lung at 
17 weeks’ gestation (Sherer et al). 1992;167:503-5 

Severity of asthma and perinatal outcome (Perlow et al). 
1992; 167:963-7 

Lupus erythematosus, systemic 

A prospective, controlled multicenter study on the obstetric 
risks of pregnant women with antiphospholipid antibod- 
ies {Out et al). 1992;167;26-32 

Luteal phase 

Influence of corpus luteum age on the steroidogenic re- 
sponse to exogenous human chorionic gonadotropin in 
normal cycling women (Fritz et al), 1992;167:709-16 

Luteal function in infertile patients with endometriosis (Ku- 
suhara). 1992;167:274-7 (Symposium) 

Luteal phase deficiency: effect of treatment on pregnancy 
rates (Karamardian and Grimes). 1992;167:1391-8 (Curr. 
dev.) 

Luteinized unruptured follicle in the early stages of endo- 
metriosis as a cause of unexplained infertility (Mio et al). 
1992;167:271-3 (Symposium) 

Luteinizing hormone 

Attenuated proestrous luteinizing hormone surges in mid- 

dle-aged rats are associated with decreased pituitary lu- 
.teinizing hormone- messenger ribonucleic acid expres- 
sior: (Hogg et al). 1992;167:303-7 

Increased bioactive luteinizing hormone levels in pòst- 
menopausal women with endometrial cancer (Nagamani 
et al). 1992; 167:1825-30 | 


1966 Subject index 


Luteinizing hormone—cont’d 
Mechanisms involved in the pituitary desensitization in- 
duced by gonadotropin-releasing hormone agonists 
(Uemura et al). 1992;167:283-91 (Symposium) 
Luteinizing hormone-releasing hormone; see Gonadorelin 
Luteoma; see Theca cell tumor . 
Lymph 
Long-term vascular volume expansion maintains elevated 
thoracic duct lymph flow (Valenzuela). 1992;167:1453-8 
Lymph node excision 
Selective pelvic and periaortic E E T does not 
increase morbidity in surgical staging of endometrial car- 
. cinoma (Homesley et al). 1992;167:1225-30 
Lymphangioma 


First-trimester diagnosis of cystic TEE ET and out- 


come (van Zalen-Sprock et al). 1992;167:94- : 
Lymphatic system 
Increased lymphatic pumping ability in pregnant ewes (Val- 
enzuela et al). 1992;167:1756-9 
Lymphocyte subsets 
Circulating lymphocyte subsets in second- and third-trimes- 
ter fetuses: comparison with newborns and adults (Berry 
et al). 1992;167:895-900 
Lymphocytes 
Endometrial lymphoid tissue in the timed endometrial bi- 
opsy: morphometric and immunchistochemical aspects 
(Klentzeris et al). 1992;167:667-74 
Immunologic tests in the evaluation of reproductive 
disorders: a critical review (Coulam). 1992;167:1844- 
5] 
Lymphocytes, tumor-infiltrating 
Novel immunologic strategies in ovarian carcinoma (Freed- 
man et al). 1992;167:1470-8 (Curr. dev.) 
Lymphocytotoxic antibodies; see Antilymphocyte serum 
Lymphoid tissue 
Endometrial lymphoid tissue in the timed endometrial bi- 
opsy: morphometric and immunohistochemical aspects 
(Klentzeris et al). 1992; 167:667-74 


M 


Macrophages 

Significance of peritoneal macrophages on fertility in mice 
(Umesaki et al). 1992;167:261-4 (Symposium) 

Tumor necrosis factor-a selectively stimulates prostaglandin 
Fə production by macrophages in human term decidua 
(Norwitz et al}. 1992;167:815-20 

Macrosomia; see Fetal macrosomia 
Magnesium 

Magnesium pyrrolidone carboxylate infusion reduces an- 
giotensin II pressor response in pregnant women at risk 
for hypertension (Tranquilli et al). 1992;167:885-8 

Maternal ventricular tachycardia associated with hypom- 
apnesemia (Varon et al). 1992;167:1352-5 

Magnesium chloride 

Oral magnesium chloride for the prevention of recurrent 
preterm labor (Caritis) (Letter); (Goodman et al) (Reply). 
1992;167:1155-6 

Magnesium sulfate 

Calcium homeostasis in pregnant women receiving long- 
term magnesium sulfate therapy for preterm labor (Smith 
et al). 1992;167:45-51 

Effect of magnesium sulfate on maternal brain blood flow 
in preeclampsia: a randomized, placebo-controlled study 
(Belfort and Moise). 1992;167:661-6 

The effect of magnesium sulfate on maternal retinal blood 
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flow in preeclampsia: a randomized placebo-controlled 
study (Belfort et al). 1992;167:1548-53 
Effect of magnesium sulfate on plasma endothelin-| levels 
in normal and preeclamptic pregnancies (Mastrogiannis 
et al). 1992;167:1554-9 
Evaluation of maternal fluid dynamics during tocolytic ther- 
apy with ritodrine hydrochloride and magnesium sulfate 
(Armson et al). 1992;167:758-65 
Magnesium sulfate therapy in preeclampsia is associated 
with increased urinary cyclic guanosine monophosphate 
excretion (Barton et al). 1992;167:931-4 
Peripheral magnesium sulfate enters the brain and increases 
the threshold for hippocampal seizures in rats (Hallak et 
al). 1992;167:1605-10 
Subtherapeutic doses of magnesium sulfate do not inhibit 
preterm labor. (Elliott) (Letter); (Cox et al) (Reply). 
1992: 167:568-9 
Magnetic resonance imaging 
Cerebral imaging in eclampsia: magnetic resonance imaging 
versus computed tomography (Dahmus_ et al). 
1992; 167:935-4] 
Major basic protein 
Maternal floor infarction: relationship to X cells, major basic 
protein, and adverse perinatal outcome (Vernof et al). 
1992;167:1355-63 
Malpractice 
Legal thoughts on malpractice claims: causes and preven- 
tion (Brannigan). 1992;167:295-6 (Letter) 
Manager calculator 
Contraction monitoring with a manager calculator (Török 
et al). 1992:167:1389-90 
Massive obesity; see Obesity 
Maternal-fetal exchange 
The transfer of anti-human immunodeficiency virus nu- 
cleoside compounds by the term human placenta (Baw- 
don et al). 1992:167:1570-4 
Maternal-fetal transmission 
Fetal blood sampling in human immunodeficiency virus— 
seropositive women before elective midtrimester termi- 
nation of pregnancy (Viscarello et al), 1992;167:1075-9 
Prevalence and prognostic significance of anticardiolipin an- 
tibodies in pregnancies complicated by human immuno- 
deficiency virus—1 infection (Viscarello et al). 
1992; 167:1080-5 
Maternal floor infarction; see Infarction 
Maternal fluid; see Body fluids 
Maternal mortality 
Adult respiratory distress syndrome in pregnancy (Mabie 
et al). 1992;167:950-7 
Retrospective maternal mortality case ascertainment in West 
Virginia, 1985 to 1989 (Dye et al). 1992;167:72-6 
Maternal weight; see Body weight 
Meconium aspiration 
Does DeLee suction at the perineum prevent meconium 
aspiration syndrome? (Falciglia et al). 19923167: 
1243-9 
Meconium aspiration syndrome made murkier (Wiswell) 
(Letter); (Katz and Bowes) (Reply). 1992;167:1914-6 
Prophylactic amnioinfusion improves outcome of preg- 
nancy complicated by thick meconium and oligohydram- 
nios (Macri et al). 1992;167:117-21 
Medroxyprogesterone l 
Continuous combined conjugated equine estrogen—proges- 
togen therapy: effects of medroxyprogesterone acetate 
and norethindrone acetate on bleeding patterns and en- 
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dometrial histologic diagnosis (Hillard et al). 1992;167: 
1-7 
Culture characteristics of human endometrial glandular ep- 
ithelium throughout the menstrual cycle: modulation of 
deoxyribonucleic acid synthesis by 17B-estradiol and me- 
droxyprogesterone acetate (Marshburn = et al. 
1992; 167:1888-98 
Inhibitory effect of medroxyprogesterone acetate on angio- 
genesis induced by human endometrial cancer ( Jikihara 
et al). 1992;167:207-1] 
Megacolon 
Oligohydramnios and megacolon in a fetus with vesicorectal 
fistula and ana:-urethral atresia: a case report (Hallak et 
al). 1992; 167:79-81 
Menopause 
Behavioral stress responses in premenopausal and post- 
menopausal women and the effects of estrogen (Lindheim 
et al). 1992;167:1831-6 
Behavioral treatment of menopausal hot flushes: evaluation 
by ambulatory monitoring (Freedman and Woodward). 
1992;167:436-9 
A comparison of circulating hormone levels in postmeno- 
pausal women receiving hormone replacement therapy 
(Jurgens et al). 1992;167:459-60 
Increased bioactive luteinizing hormone levels in post- 
menopausal women with endometrial cancer (Nagamani 
et al). 1992; 167:1825-30 
Menopausal patient considerations (Mann). 1992;167:571 
(Letter) 
Menstrual cycle 
Culture characteristics of human endometrial glandular ep- 
ithelium throughout the menstrual cycle: modulation of 
deoxyribonucleic acid synthesis by 178-estradiol and me- 
droxyprogesterone acetate (Marshburn et al). 
1992; 167:1888-98 
The effect of the menstrual cycle on serum CA 125 levels: 
a population study (Grover et al). 1992;167:1379-81 
Effects of chronic nocturnal opiate antagonism on the men- 
strual cycle (Brzyski et al). 1992;167:1780-4 
Immunolocalization of the vasoconstrictor endothelin in hu- 
man endometrium during the menstrual cycle and in um- 
bilical cord at birth (Salamonsen et al). 1992;167:163-7 
Influence of corpus luteum age on the steroidogenic re- 
sponse to exogenous human chorionic gonadotropin 
in normal cycling women (Fritz et al). 1992;167:709- 
16 
Reproductive, menstrual, and medical risk factors for en- 
dometrial cancer: results from a case-control study (Brin- 
ton et al). 1992;167:1317-25 
Mental disorders , 
Ethically justified guidelines for family planning interven- 
tions to prevent pregnancy in female patients with chronic 
mental illness (McCullough et al). 1992;167:19-25 
Mental retardation 
The incidence of cerebral palsy (Rosen and Dickinson). 
1992;167:417-23 (Clin. opinion) 
Mepivacaine . 
Experience with mepivacaine paracervical block in an ob- 
stetric private practice (Goins). 1992;167:342-5 
Mesenteric artery 
Endogenous modulation of the blunted adrenergic re- 
sponse in resistance-sized mesenteric arteries from the 
pregnant rat (Davidge and McLaughlin). 1992;167: 
1691-8 
Messenger ribonucleic acid; see RNA, messenger 
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Metaphase 
Three-group metaphase as a morphologic criterion of pro- 
gressive cervical intraepithelial neoplasia (Mourits et al). 
1992;167:591-5 
Methotrexate 
Primary ovarian pregnancy successfully treated with meth- 
otrexate (Shamma and Schwartz). 1992;167:1307-8 
Micromanipulation 
Electroejaculation in combination with in vitro fertilization 
and gamete micromanipulation for treatment of aneja- 
culatory male infertility (Toledo et al). 1992;167:322-6 
Midtrimester; see Pregnancy trimester, second 
Mifepristone 
Delayed endometrial maturation induced by daily admin- 
istration of the antiprogestin RU 486: a potential new 
contraceptive strategy (Batista et al). 1992;167:60-5 
Milrinone 
Milrinone use in the pregnant ewe (Jelsema). 
1992:167:1157 (Letter) 
Morbidity 
Morbidity of failed labor in patients with prior cesarean 
section (Stone et al). 1992;167:1513-7 
Selective pelvic and periaortic lymphadenectomy does not 
increase morbidity in surgical staging of endometrial car- 
cinoma (Homesley et al). 1992;167:1225-30 
Morphogenesis 
Simian virus 40-transformed human ovarian surface epi- 
thelial cells escape normal growth controls but retain mor- 
phogenetic responses to extracellular matrix (Maines- 
Bandiera et al). 1992:167:729-35 
Miillerian ducts 
An ultrastructural study of the developing urogenital tract 
in early human fetuses (Lawrence et al). 1992;167:185- 
93 
Muscle, smooth 
Studies of connexin 43 and ceil-to-cell coupling in cultured 
human uterine smooth muscle (Sakai et al). 
1992;167:1267-77 
Mutation 
Mutations of the Ki-ras oncogene in endometrial carcinoma 
(Ignar-Trowbridge et al). 1992;167:227-32 
Myelofibrosis 
Idiopathic myelofibrosis in pregnancy: a case report and’ 
review of the literature (Tavlor et al). 1992;167:38-9 
Myocardium 
The dosing o? subcutaneous terbutaline pump tocolytic 
therapy is critical (Lam) (Letter); (Newman) (Reply). 
1992;167:1156-7 
Myocardial necrosis in a newborn after long-term maternal 
subcutaneous terbutaline for suppression of premature 
labor (Bey et al) (Letter); (Fletcher et al) (Reply). 
1992;167:292-3 
Myocytes 
The concentration of estrogen receptors in rabbit uterine 
myocytes decreases in culture (Sadovsky et al). 
1992;167:1631-5 
Myometrium 
An immunochemical and immunocytologic study of the in- 
crease in myometrial gap junctions (and connexin 43) in 
rats and humans during pregnancy (Tabb et al). 
1992; 167:559-67 
Interactive effects of volatile anesthetics, verapamil, and ry- 
anodine en contractility and calcium homeostasis of iso- 
lated pregnant rat myometrium (Laszlo et al). 
1992;167:804-10 
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Myometrium—cont’d 

Modulation of cell-to-cell coupling between myometrial cells 
of the human uterus during pregnancy (Sakai et al). 
1992;167:472-80 

Myometrial contractile responsiveness to oxytocin after 
dexamethasone suppression of circadian uterine activity 
in pregnant rhesus macaques during late gestation (Duc- 
say et al). 1992;167:1636-4] 

Studies of connexin 43 and cell-to-cell coupling in cultured 
human uterine + smooth muscle (Sakai et al). 
1992;167:1267-77 
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Naltrexone 
Effects of chronic nocturnal opiate antagonism cn the men- 
strual cycle (Brzyski et al). 1992;167:1780-4 
Narcotics 
Effects of chronic nocturnal opiate an:agonism on the men- 
strual cycle (Brzyski et al). 1992;167:1780-4 
Natural childbirth 
From Fanny to Fernand: the development of consumerism 
in pain control during the birth process (De Haven Pitcock 
and Clark). 1992;167:581-7 (Clin. opinion) 
Natural killer cells; see Killer cells, natural 
Necrosis 
' The dosing of subcutaneous terbutaline pump tocolytic 
therapy is critical (Lam) (Letter); (Newman) (Reply). 
1992:167:1156-7 
Myocardial necrosis in a newborn after long-term maternal 
subcutaneous terbutaline for suppression of premature 
labor (Bey et ai) (Letter); (Fletcher et al) (Reply). 
1992;167:292-3 
The treatment of pelvic soft tissue radiation necrosis with 
hyperbaric oxygen (Williams et al). 1992;167:412-6 
Neisseria gonorrhoeae 
Detection of cervical Chlamydia trachoniatis and Neisseria gon- 
orrhoeae with deoxyribonucleic acid probe assays in ob- 
stetric patients (Hosein et al). 1992;167:588-91 
Microbial etiology af urban emergency department acute 
salpingitis: treatment with ofloxacin (Soper et al). 
1992; 167:653-60° 
Neonate; sce Infant, newborn 
Neoplasm metastasis 
Menopausal patient considerations (Mann). 1992;167:571 
(Letter) 
Neoplasm recurrence, local 
Recurrent squamous carcinoma of the vulva (Tilmans et al). 
1992; 167:1382-9 
Neoplasm: staging 
Revision in classification by International Federation of Gy- 
necology and Obstetrics (Creasman). 1992;167:857-8 
(Letter) 
Neovascularization 
Inhibitory effect of medroxyprogesterone acetate on angio- 
genesis induced by human endometrial cancer (Jikihara 
et al). 1992;167:207-11 
Nephropathic diabetics; sec Diabetic nephropathies 
Nephrosis 
Congenital nephrosis: detection of index cases through ma- 
ternal serum a-fetoprotein screering (Hogge et al). 
1992;167:1330-3 
Newborn; see Infant, newborn 
Nicotine 
Fetal hemodynamic response to matérnal intravenous nic- 
otine administration (Clark and Irion). 1992;167:1624-31 
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Nifedipine 
. The effects of nifedipine on pregnancy outcome and mor- 
phology of the placenta, uterus, and cervix during late 
pregnancy in the rat (Richichi and Vasilenko). 
1992;167:797-803 5 
Hepatotoxicity with the admmnistration of nifedipine for . 
treatment of preterm laber (Sawaya and Robertson). 
1992; 167:512-3 (Case rep.) | 
Nifedipine for treatment of preterm labor: a historic pro- 
spective study (Murray et al). 1992;167:52-6 
Nifedipine treatment in preeclampsia reverts the increased 
erythrocyte aggregation to normal (Tranquilli et al). 
1992; 167:942-5 
A randomized prospective comparison of nifedipine and 
bed rest versus bed rest alone in the management of pre- 
eclampsia remote from term (Sibai et al). 1992;167:879- 
84 j 
Nitric oxide 
Estrogen-induced uterine vasodilatation is antagonized by 
L-nitroarginine methyl ester, an inhibitor of nitric oxide 
synthesis (Van Buren et al). 1992;167:828-33 
Nitric oxide and prostacyclin inhibit fetal platelet aggre- 
gation: a response similar to that observed in adults (Var- 
ela et al). 1992;167:1599-604 
L-Nitroarginine methyl ester 
Estrogen-induced uterine vascdilatation is antagonized by 
L-nitroarginine methyl ester. an inhibitor of nitric oxide 
synthesis (Van Buren et al). 1992;167:828-33 
Nonimmune hydrops fetalis; see Hydrops fetalis 
Norepinephrine 
Effects of short-term thermal stress on plasma catechol- 
amine concentrations and plasma renin activity in preg- 
nant and nonpregnant women (Vähä-Eskeli et al). 
1992; 167:785-9 l 
Norethindrone 
Continuous combined conjugated equine estrogen —proges- 
togen therapy: effects of medroxyprogesterone acetate 
and norethindrone acetate on bleeding patterns and en- 
dometrial histologic diagnosis (Hillard et- al). 1992;167: 
l-7 
Norgestimate 
A norgestimate-containing oral contraceptive: review of 
clinica] studies (Kafrissen). 1992;167:1196-202 (Sympo- 
sium) 
Preclinical evaluation of norges-imate, a progestin with min- 
imal androgenic activity (Phillips et al). 1992;167:1191-6 
(Symposium) 
Nuchal cord; see Umbilical cord 
Nuclear magnetic resonance 
Comparative analysis of normal and growth-retarded pla- 
centas with phosphorus nuclear magnetic resonance spec- 
troscopy (Kay et al). 1992;167:548-53 
Nucleosides 
The transfer of anti~human immunodeficiency virus nu- 
cleoside compounds by the term human placenta (Baw- 
don et al). 1992;167:1570-4 
Nutritional status 
Effect of fat and fat-free mass deposition during preg- 
nancy on birth weight (Villar et al). 1992;167:1344- 
52 : 


o` 
Obesity 


Lipoprotein abnormalities in hirsute women. II. Compen- 
satory responses of insulin resistance and dehydroepian- 
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drosterone sulfate with obesity (Wild et al). 
1992;167:1813-8 
Obesity and lower urinary tract function in women: effect 
of surgically induced weight loss (Bump et al). 
1992; 167:392-9 
Perinatal outcome in pregnancy complicated by massive 
obesity (Perlow et al). 1992;167:958-62 
The ranges of insulin response and glucose tolerance in 
lean, normal, and obese women during pregnancy 
(Farmer et al). 1992;167:772-7 
Reproductive, menstrual, and medical risk factors for en- 
dometrial cancer: results from a case-control study (Brin- 
ton et al). 1992;167:1317-25 
Obstetric bonnet 
The development and testing of new instruments for 
operative vaginal delivery (Elliott et al). 1992;167: 
1121-4 
Obstetric outcome; see Pregnancy outcome 
Obstetric personnel; see Health personnel 
Occupational exposure 
Blood and amniotic fluid contact sustained by obstetric per- 
sonnel during deliveries (Panlilio et al). 1992, 167:703-8 
Ofloxacin 
Microbial etiology of urban emergency department acute 
salpingitis: treatment with ofloxacin (Soper et al). 
1992; 167:653-60 
Oligohydramnios 
Amnioinfusion: an aid in the ultrasonographic evaluation 
of severe oligohydramnios in pregnancy (Quetel et al). 
1992:167:333-6 
Amniotic fluid volume assessment: comparison of ultrason- 
ographic estimates versus direct measurements with a 
dye-dilution technique in human pregnancy (Dildy et al). 
1992:167:986-94 
Do semiquantitative amniotic fluid indexes reflect actual vol- 
ume? (Croom et al). 1992;167:995-9 
How frequently should the amniotic fluid index be re- 
peated? (Lagrew et al). 1992;167:1129-33 
Measurement of amniotic fluid volume: accuracy of ultra- 
sonography techniques (Magann et al). 1992;167:1533-7 
Nonimmune fetal hydrops caused by bilateral type III con- 
genital cystic adenomatoid malformation of the lung at 
17 weeks’ gesz:ation (Sherer et al). 1992;167:503-5 
Oligohydramnios and megacolon in a fetus with vesicorectal 


fistula and anal-urethral atresia: a case report (Hallak et 


al). 1992;167:79-81 
Prophylactic amnioinfusion improves outcome of preg- 
nancy complicated by thick meconium and oligohydram- 
nios (Macri et al). 1992;167:117-21 
Oncogenes 
Mutations of the Ki-ras oncogene in endometrial carcinoma 
(Ignar-Trowbridge et al). 1992;167:227-32 
Oophorectomy; see Ovariectomy 
Opiates; see Narcotics 
Oral contraceptives; see Contraceptives, oral 
Osmolality 
A unique hypertonic response to hypotonic infusion in the 
pregnant ewe (Powers and Brace). 1992;167:1698-709 
Ovarian cysts 
A randomized, double-blind, placebo-controlled compari- 
son of the impact on follicular development of low-dose 
and triphasic oral contraceptives (Young et al). 
1992; 167:678-82 
Simultaneous ovarian and intrauterine pregnancy: case re- 
port (Bernabei et al). 1992;167:134-5 


Subject index 1969 


Ovarian diseases 
Aldose reductase inhibition prevents galactose-induced 
ovarian dysfunction in the Sprague-Dawley rat (Meyer et 
al). 1992; 167:1837-43 
Ovarian hyperstimulation syndrome 
Spontaneous ovarian hyperstimulation syndrome concom- 
itant with spontaneous pregnancy in a woman with po- 
lycystic ovary disease (Zalel et al). 1992;167:122-4 
Ovarian neoplasms 
Divergent effects of taxol on tumor necrosis factor-a—me- 
diated cytolysis of ovarian carcinoma cells (Williams et al). 
1992;167:1870-6 
The effect of interferon gamma on epidermal growth factor 
receptor expression in normal and malignant ovarian ep- 
ithelial cells (Boente et al). 1992;167:1877-82 
Four ovarian cancers diagnosed during laparoscopic man- 
agement cf 1011 women with adnexal masses (Nezhat et 
al). 1992;167:790-6 
Menopausal patient considerations (Mann). 1992;167:571 
(Letter) 
Novel immunclogic strategies in ovarian carcinoma ( Freed- 
man et al). 1992;167:1470-8 (Curr. dev.) 
Oral contraceptives and gynecologic cancer: an update for 
the 1990s (Kaunitz), 1992;167:1171-6 (Symposium) 
Photodynamic therapy of human ovarian epithelial carci- 
noma, OVCAR-3, heterotransplanted in the nude mouse 
(Peterson et al). 1992;167:1852-5 
Quantitation of tumor necrosis factor-a, interleukin-18, and 
interleukin-6 in the effusions of ovarian epithelial neo- 
plasms (Kutteh and Kutteh). 1992;167:1864-9 
Recurrent maternal virilization during pregnancy caused by 
benign androgen-producing ovarian lesions (VanSlooten 
et al). 1992;167:1342-3 
Simian virus 40-transformed human ovarian surface epi- 
thelial cells escape normal growth controls but retain mor- 
phogenetic responses to extracellular matrix (Maines- 
Bandiera et al). 1992;167:729-35 
Ovarian pregnancy; sce Pregnancy, ectopic 
Ovariectomy 
A case of hidradenitis suppurativa treated with gonadotro- 
pin-releasing hormone agonist and by total abdominal 
hysterectomy with bilateral salpingo-oophorectomy (Bog- 
ers et al). 1992;167:517-8 (Case rep.) 
Cocaine impairs gonadotropin secretion in oophorectom- 
ized monkeys (Cañez et al). 1992;167:1785-93 
Laparoscopic electrosurgical oophorectomy: risk of using 
“blanching” as the end point (Reich) (Letter); (Nezhat and 
Nezhat) (Reply). 1992;167:1150-2 
Ovulation 
Enhanced follicle regulatory protein levels accompany rein- 
itiation of ovulatory functicn after parturition (Albertson 
et al). 1992;167:158-62 
Outcome of corticotropin stimulation testing in women with 
androgen excess and ovulatory dysfunction (Bates et al). 
1992;167:308-12 
Oxygen 
Changes in human fetal cerebral oxygenation and blood 
volume during delivery (Peebles et al). 1992;167:1916-7 
(Letter) l 
Effect of maternal oxygen administration on fetal oxygen- 
ation during graded reduction of umbilical or uterine 
blood flow in fetal sheep (Paulick et al). 1992;167:233-9 
Hydrogen peroxide and reoxygenation cause prostaglan- 
din-mediated contraction of human placental arteries and 
veins (Omar et al). 1992;167:201-7 


; 


1970 Subject index 


Oxygen—cont’d 


Maternal hyperoxygenation in the treatment of intrauterine 


growth retardation (Battaglia et all. 
Oxytocin 


Correlation of nocturnal increase in plasma oxytocin with 
a decrease in plasma estradiol/ progesterone ratio in late 


1992; 167:430-5 


pregnancy (Fuchs et al). 1992;167:1559-63 


Myometrial contractile responsiveness to oxytocin after 
dexamethasone suppression of circadian uterine activity 
in pregnant rhesus macaques during late gestation (Duc- 


say et al). 1992;167:1636-4] 


Oxytocin—The more, the better? (Rosen et al) (Letter); 


(Satin et al) (Reply). 1992; 167:855-6 
A prospective randomized clinical trial 


comparing two oxy- 


tocin induction protocols (Muller et al). 1992;167:373-81 


P 


Pain 


Cold therapy in the management of postoperative cesarean 
section pain (Amin-Hanjani et al). 1992;167:108-9 


Comparison of the efficacy of different 


local anesthetics and _ 


techniques of local anesthesia in therapeutic abortions 


(Wiebe). 1992;167:131-4 


From Fanny to Fernand: the development of consumerism 
in pain contro} during the birth process (De Haven Pitcock 
and Clark). 1992:167:581-7 (Clin. opinion) 

Presacral neurectomy for the treatment of pelvic pain as- 
sociated with endometriosis: a controlled study (Candiani 


et al). 1992;167:100-3 
Papers 


Papers of the Scciety for Gynecologic Investigation. 


1992; 167:1487-909 
Papillomaviruses 


Oral condyloma lesions in patients with extensive genital 


human papillomavirus infection 
1992:167:451-8 


(Panic! et al). 


Self-administered home cervicovaginal lavage: a novel tool 
for the clinical-epidemiologic investigation of genital hu- 


man papillomavirus infections 
1992:167:104-7 
Paracervical block; see Anesthesia 
Parturition; see Labor 
Parvovirus infections 


(Morrison et al). 


Long-term outcome in fetal hydrops from parvovirus B19 
infection (Sheikh et al). 1992;167:337-41 

Prenatal diagnosis of human parvovirus B19 in nonimmune 
hydrops fetalis by polymerase chain reaction (Kovacs et 


al). 1992;167:461-6 


Pelvic inflammatory disease; see Adnexitis 
Pelvic lymphadenectomy; see Lymph node excision 


Pelvis 


Perihepatic adhesions: not necessarily pathognomonic of 


pelvic infection (Amin-Hanjani et al). 1992;167:115-6 


Presacral neurectomy for the treatment of pelvic pain as- 


sociated with endometriosis: a controlled study (Candiani 


et al). 1992;167:190-3 


Periaortic lymphadenectomy; see Lymph node excision 


Perihepatic adhesions; see Adhesions 
Perineum 
Does DeLee suction at the perineum 


prevent meconium 


aspiration syndrome? (Falciglia et al). 1992;167:1243-9 


Transverse transperineal repair of rectovaginal fistulas in 


the lower vagina (Wiskind 
1992: 167:694-9 
Peritoneal fluid; see Ascitic fluid 


and Thompson). 
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Peritoneoscopy 

Four ovarian cancers diagnosed during laparoscopic man- 
agement of 1011 women with adnexal masses (Nezhat et 
al). 1992;167:790-6 

Laparoscopic diagnosis and repair of spigelian hernia: re- 
port of a case and technique (Carter and Mizes). 
1992; 167:77-8 

Laparoscopic electrosurgical nophorectomy: risk of using 
“blanching” as the end point (Reich) (Letter); (Nezhat and 
Nezhat) (Reply). 1992;167:1150-2 

Laparoscopic hysterectomy: Reinventing the wheel? (Ta- 
dir). 1992;167:296-7 (Letter) 

Ureter injury during laparoszopy-assisted vaginal hyster- 
ectomy with the endoscopic linear stapler (Woodland). 
1992;167:756-7 

The use of carbon dioxide laser laparoscopy in the treat- 
ment of tubal ectopic pregnancies (Paulson). 
1992; 167:382-6 

Peritoneum 
Significance of peritoneal macrophages on fertility in mice 
(Umesaki et al). 1992;167:251-4 (Symposium) 
Periventricular-intraventricular hemorrhage; see Cerebral 
hemorrhage 
Phenobarbital 

Prenatal exposure to phenobarbital and quantifiable alter- 
ations in the electroencephalogram of adult rat offspring 
(Livezey et al). 1992:167:1611-5 

Phospholipases 

Association of cervicovaginal infections with increased vag- 
inal fluid phospholipase A, activity (McGregor et al). 
1992; 167:1588-94 ; 

Phosphorus nuclear magnetic resonance; see Nuclear mag- 
netic resonance 
Photochemotherapy 

Endometrial ablation by means of photodynamic therapy 
with photofrin II (Bhatta et al). 1992;167:1856-63 

Photodynamic therapy of huraan ovarian epithelial carci- 
noma, OVCAR-3, heterotransplanted in the nude mouse 
(Peterson et al), 1992;167:1852-5 

Photofrin 

Endometrial ablation by means of photodynamic therapy 

with photofrin I (Bhatta et al). 1992;167:1856-63 
Pica 

Baking powder pica mimicking preeclampsia (Barton et al). 

1992; 167:98-9 
Pituitary gland 

Attenuated proestrous luteinizing hormone surges in mid- 
die-aged rats are associated with decreased pituitary lu- 
teinizing hormone-B messenger ribonucleic acid expres- 
sion (Hogg et al). 1992;167:303-7 

Increased circulating levels of immunoreactive B-endorphin 
in polycystic ovary syndrome is not caused by increased 
pituitary secretion (Carmina et al). 1992;167: 
1819-24 

Mechanisms involved in the pituitary desensitization in- 
duced by gonadotropin-releasing hormone agonists 
(Uemura et al). 1992;167:283-91 (Symposium) 

Pituitary luteinizing hormone; sze Luteinizing hormone 
Placenta 

Additivity of protein deficiency and carbon monoxide on 
placental carboxyhemoglobin in mice (Singh et al). 
1992; 167:843-6 

An association between placenzal location and nuchal cord 
occurrence (Collins). 1992;167:570-1 (Letter) 

Changes in expression of the cyclooxygenase gene in human 
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fetal membranes and placenta with labor (Bennett et al). 
1992; 167:212-6 

Comparative analysis of normal and growth-retarded pla- 
centas with phosphorus nuclear magnetic resonance spec- 
troscopy (Kay et al). 1992;167:548-53 

The comparative effects of big endothelin-1, endothelin-1, 
and endothelin-3 in the human fetal-placental circulation 
(Myatt et al). 1992;167:1651-6 

Cyclooxygenase products do not modulate angiotensin I~ 
induced contractions of human chorionic plate arteries 
(Sorokin et al). 1992;167:110-4 

Differential effects of intravenous hydralazine on myoen- 
dometria! and placenta! blood flow in hypertensive preg- 
nant ewes (Pedron et al). 1992;167:1672-8 

The effect of placental management at cesarean delivery 
on operative blood loss (McCurdy et al). 19923167: 
1363-7 

Effect of recreational exercise on midtrimester placental 
growth (Clapp and Rizk). 1992;167:1518-2] 

The effects of nifedipine on pregnancy outcome and mor- 
phology of the placenta, uterus, and cervix during late 
pregnancy in the rat (Richichi and Vasilenko). 
1992; 167:797-303 

Elevated maternal serum a-fetoprotein levels and mid- 
trimester placental abnormalities in relation to subsequent 
adverse pregnancy outcomes (Williams et al. 
1992;167:1032-7 

Hemorrhagic endovasculitis of the placenta and fetomater- 
nal hemorrhage: A relationship? (Owen) (Letter); (Novak 
et al) (Reply). 1992;167:860-! 

Hemorrhagic endovasculitis of the placenta (Sander). 
1992;167:1485 (Letter) 

Hydrogen peroxide and reoxygenation cause prostaglan- 
din-mediated contraction of human placental arteries and 
veins (Omar et al). 1992;167:201-7 

The immunoglebulin G fraction from plasma containing 
antiphospholipid antibodies causes increased placental 
thromboxane production (Peaceman and Rehnberg). 
1992;167:1543-7 

Maternal floor infarction: relationship to X cells, major basic 
protein, and adverse perinatal outcome (Vernof et al). 
1992; 167:1355-63 

A novel change in cytologic localization of human chorionic 
gonadotropin and human placental lactogen in first- 
trimester placenta in the course of gestation (Maruo et 
al). 1992;167:217-22 

Placental lipid peroxides and thromboxane are increased 
and prostacyclin is decreased in women with preeclampsia 
(Wang et al). 1992;167:946-9 

Properties of an endogenous arachidonic acid—elicited re- 
laxing mechanism in human placental vessels (Omar et 
al). 1992;167:1064-70 

Rapid intramembranous absorption of water infused 
into the ovine allantoic cavity (Gilbert). 1992;167: 
1742-7 

The transfer of anti-human immunodeficiency virus nu- 
cleoside compounds by the term human placenta (Baw- 
don et al). 1992;167:1570-4 

Transfer of Timentin (ticarcillin and clavulanic acid) across 
the in vitro perfused human placenta: comparison with 
other agents (Fortunato et al). 1992;167:1595-9 

Vascularization of the ovine amnion and chorion: a mor- 
phometric characterization of the surface area of the in- 
tramembranous pathway (Brace et al). 1992;167:1747- 
55 


Subject index 1971 


Placenta accreta 
Postpartum ultrasonographic findings associated with pla- 
centa accreta (Shapiro et al). 1992;167:601-2 
Placental insufficiency 
Placental insufficiency as a possible cause of low maternal 
serum human chorionic gonadotropin and low maternal 
serum unconjugated estriol levels in triploidy (Fejgin et 
al). 1992;167:766-7 
Placental lactogen 
A novel change in cytologic localization of human chorionic 
gonadotropin and human placental lactogen in first- 
trimester placenta in the course of gestation (Maruo et 
al). 1992;157:217-22 
Platelet activating factor 
Platelet-activating factor antagonists decrease lung protein 
leak in preterm ventilated rabbits (Tabor et al). 
1992;167:810-4 
Platelet aggregation 
Nitric oxide and prostacyclin inhibit fetal platelet aggre- 
gation: a response similar to that observed in adults (Var- 
ela et al). 1992;167:1599-604 
Platelets; see Blood platelets 
Polycystic ovary syndrome 
Does ethnicity influence the prevalence of adrenal hyper- 
androgenism and insulin resistance in polycystic ovary 
syndrome? (Carmina et al). 1992;167:1807-12 
Increased circulating levels of immunoreactive B-endorphin 
in polycystic ovary syndrome is not caused by increased 
pituitary secretion (Carmina et al). 1992;167:1819- 
24 
Increased risk for polycystic ovary syndrome associated with 
human leukocyte antigen DQAI1*0501 (Ober et al). 
1992; 167:1803-6 
Spontaneous ovarian hyperstimulation syndrome con- 
comitant with spontaneous pregnancy in a woman 
with polycystic ovary disease (Zale et al). 1992;167: 
122-4 
Polyhydramnios 
Amniotic fluid volume assessment: comparison of ultrason- 
ographic estimates versus direct measurements with a 
dye-dilution technique in human pregnancy (Dildy et al). 
1992; 167:986-94 
Do semiquantitative amniotic fluid indexes reflect actual vol- 
ume? (Croom et al). 1992;167:995-9 
Polymerase chain reaction 
Long-term cutcome in fetal hydrops from parvovirus B19 
infection (Skeikh et al). 19$2:167:337-41 
Prenatal diagnosis of human parvovirus B19 in nonimmune 
hydrops fetalis by polymerase chain reaction (Kovacs et 
al). 1992;167:461-6 
Post-Chernobv! fallout; see Radioactive fallout 
Postmenopausal women; see Menopause 
Postoperative care 
Cold therapy in the management of postoperative ce- 
sarean section pain (Amin-Hanjani et al). 1992;167: 
108-9 
Postoperative complications 
The incidence of genital prolapse after the Burch colpo- 
suspension (Wiskind et al). 1992;167:399-405 
Transverse uterine incision closure: one versus two layers 
(Hauth et al). 1992;167:1108-11 
Postpartum period 
Postpartum ultrasonographic findings associated with pla- 
centa accreta (Shapiro et al). 1992;167:601-2 
Power spectrum; see Spectrum analysis 


1972 Subject index 


Pre-eclampsia; see also Hypertension; Pregnancy complica- 
tions, cardiovascular. 

An immunohistologic study of endothelialization of 
uteroplacental vessels in human pregnancy—evidence 
that endothelium is focally disrupted by tropho- 
blast in preeclampsia (Khong et al). 1992;167: 
751-6 ` 

Baking powder' pica mimicking preeclampsia (Barton et al). 
1992; 167:98-9 

Circulating concentrations of fetal fibronectin do not reflect 
reduced trophoblastic invasion in freeclamptic pregnan- 
cies (Friedman et al). 1992; 167:496-7 

Convulsions in pregnancy in related gorillas (Thornton and 
Onwude). 1992;167:240-1 

Early detection of preeclampsia (Dalton) (Letter); (Sibai) 
(Reply). 1992;167:1479-80 

Effect of magnesium sulfate on maternal brain blood flow 
in preeclampsia: a randomized, placebo-controlled study 
(Belfort and Moise). 1992;167:661-6 

The effect of magnesium sulfate on maternal retinal blood 
fow in preeclampsia: a randomized placebo-controlled 
study (Belfort et al). 1992;167:1548-53 

Effect of magnesium sulfate on plasma endothelin-]} levels 
in normal and preeclamptic pregnancies (Mastrogiannis 

- etal). 1992;167:1554-9 

Increased lipolytic activity and high ratio of free fatty acids 
to albumin in sera from women wizh preeclampsia leads 
to triglyceride accumulation in cultured endothelial cells 
(Endresen et al). 1992;167:440-7 

Low-dose aspirin inhibits lipid peroxides and thromboxane 
but not prostacyclin in pregnant women (Walsh et al). 
1992;167:926-30 

Magnesium sulfate therapy in preeclampsia is associated 
with increased urinary cyclic guancsine monophosphate 
excretion (Barton et al}. 1992;167:931-4 

Nifedipine treatment in preeclampsia reverts the mcreased 
erythrocyte aggregation to normal (Tranquilli et al), 
1992; 167:942-5 

. Placental lipid peraxides and thromboxane are increased 
and prostacyclin is decreased in women with preeclampsia 
(Wang et al). 1992; 167:946-9 

A randomized prospective comparison of nifedipine and 
bed rest versus bed rest alone in the management of pre- 
eclampsia remote from term (Sibai et al). 1992;167:879- 
84 

Sleep quality in 
1992; 167:1262-6 

Pregnancy, blood supply’ 

Maternal and fetal hemodynamic effects of autologous 
blood donation during pregnancy (Droste et al). 
1992;167:89-93 

Pregnancy, cytology 

Activation of protein kinase C stimulates collagenase pro- 
-duction by cultured cells of the cervix of the pregnant 
guinea pig (Rajabi et al). 1992;167:194-200 

Pregnancy, drug effects 

_ Additivity of protein deficiency and carbon menoxide on 
placental carboxvhemoglobin in mice (Singh et al). 
1992; 167:843-6 

Heparin administration with a pump during pregnancy 
(Hahn) (Letter); (Floyd and Morrison) (Reply). 
1992;167:1914 l 


preeclampsia (Ekholm et al). 


Low-dose aspirin inhibits lipid peroxides and thromboxane 


but not prostacyclin in pregnant women (Walsh et al). 
1992:167:926-30 
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Milrinone use in the pregnant ewe (Jelsema): 
1992;167;1157 (Letter) : 
Subtherapeutic doses of magnesium sulfate do not inhibit 
preterm labor (Elliott) (Letter); (Cox et al) (Reply). 
1992; 167:568-9 
Pregnancy, ectopic 
Primary ovarian pregnancy successfully treated with meth- 
otrexate (Shamma and Schwartz). 1992;167:1307-8 
Simultaneous ovarian and intrauterine pregnancy: case re- 
- port (Bernabei et al}. 1992;167:134-5 
The use of carbon dioxide laser laparoscopy in the treat- 
ment of tubal ectopic pregnancies (Paulson).. 
1992; 167:382-6 
Pregnancy, immunology 
An immunochemical and immunocytologic study of the in- 
crease in myometrial gap junctions (and connexin 43) in 
rats and humans during pregnancy (Tabb et al). 
1992; 167:559-67 
An immunohistologic study of endothelialization of utero- 
placental vessels in human pregnancy—evidence that en- 
dothelium is focally disrupted by trophoblast in pre- 
eclampsia (Khong et al). 1992;167:751-6 
Chemotactic factor in the pregnant rabbit uterine cervix 
(Uchiyama et al). 1992;167:1417-22 
Endothelium-derived relaxing factor inhibition augments 
vascular angiotensin H reactivity in the pregnant rat hind 
limb (Ahokas and Sibai). 1992;167:1053-6 
Secretion of prolactin and insulin-like growth factor I by 
decidual explant cultures from pregnancies complicated 
by intrauterine growth retardation (Heffner et al). 
1992; 167:1431-6 
Tumor necrosis factor-« selectively stimulates prostaglandin 
F,, production by macrophages in human term decidua 
(Norwitz et al). 1992;167:815-20 
Tumor necrosis factor-a in midtrimester amniotic fluid is 
associated with impaired intrauterine fetal growth (Hey- - 
borne et al). 1992;167:920-£ 
Pregnancy, metabolism 
Longitudinal changes in basal hepatic glucose production 
and suppression during insulin infusion in normal preg- 
_ nant women (Catalano et al). 1992:167:913-9 
The ranges of insulin response and glucose tolerance in 
lean, normal, and obese women during pregnancy 
(Farmer et al). 1992:167:772-7 
Pregnancy, mortality 
Retrospective maternal mortality case ascertainment in West 
Virginia, 1985 to 1989 (Dye et al). 1992;167:72-6 
Pregnancy, multiple 
Antepartum management of triplet gestations (Peaceman 
et al). 1992;167:1117-20 
The effect of presentation and node of delivery on neonatal 
outcome in the second twin (Greig et al). 19923167: 
901-6 
Fetal heart rate accelerations, fetal movement, and fetal be- 
havior patterns in twin gestations (Gallagher et a 
1992;167:1140-4 
Pathways to hysterectomy: insights from longitudinal twin 
research (Treloar et al). 1992;167:82-8 
Simultaneous ovarian and intrauterine pregnancy: case re- 
port (Bernabei et al). 1992;167:134-5 
Term birth after midtrimeste> hysterotomy and selective 
delivery of an acardiac twin (Ginsberg et al). 1992;167: 
33-7 
Transverse cerebellar diameter in twin gestations (Shimizu 
et al). 1992;167:1004-8 
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Transverse cerebellar diameter measurements in twin preg- 
nancies and the effect of intrauterine growth retardation 
. (Lettieri et al). 1992;167:982-5 
Pregnancy, physiology 
Assessment of the renal circulation during pregnancy with 
color’ Doppler ultrasonography (Sturgiss et al). 
1992; 167:1250-4 
Effects of short-term thermal stress on plasma catechol- 
amine concentrations and plasma renin activity in preg- 
nant and nonpregnant women (Vähä-Eskeli et al). 
1992;167:785-9 
Endogenous modulation of the blunted adrenergic re- 
sponse in resistance-sized mesenteric arteries from the 
pregnant rat (Davidge and McLaughlin). 1992;167: 
1691-8 
Increased lymphatic pumping ability in pregnant ewes (Val- 
enzuela et al). 1992;167:1756-9 
Modulation of cell-to-cell coupling between myometrial cells 
of the human uterus during pregnancy (Sakai et al). 
1992; 167:472-80 
Serum collagenase levels in relation to the state of the awe 
man cervix during pregnancy and laber (Granström et 
al). 1992;167:1284-8 
A unique hypertonic response to hypotonic infusion in 
the pregnant ewe Crees and Brace). 1992;167:1698- 
709 
" When do cardiovascular parameters return to their precon- 
ception values? (Robson and Dunlop) (Letter); (Capeless 
and Clapp) (Reply). 1992; 167: 1479 
Pregnancy, prolonged 
Macrosomia in postdates pregnancies: the accuracy of rou- 
tine ultrasonographic screening (Pollack et al). 
1992;167:7-1] 
Pregnancy, tubal 
The use of carbon dioxide laser laparoscopy in the treat- 
ment of tubal ectopic pregnancies (Paulson). 
1992; 167:382-6 
Pregnancy complications 
‘Adult respiratory distress ayncrome:) in pregnancy (Mabie 
et al). 1992;167:950-7 
Amnioinfusion: an aid in the ultrasonographic evaluation 
of severe oligohydramnios in pregnancy (Quetel et al). 
1992; 167:333-5 
The effect of gestational age on maternal serum a-fetopro- 
tein levels in pregnancies with Down syndrome 
(Cuckle) (Letter); (del Junco et al) (Reply). 1992;167: 
569-70 
Effects of sustained hypoxemia on the sheep fetus at mid- 
gestation: endocrine, cardiovascular, ard biophysical re- 
sponses (Matsuda et al). 1992;167:53 1-40 
Home uterine activity monitoring in France: a randomized, 
controlled trial (Blondel et al). 1992;167:424-9 
Idiopathic myelofibrosis in pregnancy: a case report 
and review of the literature (Taylor et al). 1992;167: 
38-9 . 
Natural history of chronic proteinuria complicating 


pregnancy (Stettler and Cunningham). 1992;167:1219- 
24 | 


Nonimmune fetal hydrops caused by bilateral type III 
congenital cystic adenomatoid malformation of the 
lung at 17 weeks’ gestation (Sherer et al). 1992;167: 
503-5 

Ovine maternal and fetal renal vasopressin receptor re- 
sponse to maternal dehydration (Kullama et al). 
1992;167:1717-22 ` 


‘Subject index 1973 


Renal pyelectasis in pregnancy: correlative evaluation of fe- 
_ tal and maternal collecting systems (Graif et al). 
' 1992:167:1304-6 

Spontaneous ovarian hyperstimulation syndrome concom- 

_ itant with spontaneous pregnancy in a woman with po- 
lycystic ovary disease (Zalel et al). 1992;167:122-4 

Transient hyperthyroidism and hyperemesis gravidarum: 
clinical aspects (Goodwin et al). 1992;167:648-52 

Pregnancy complications, cardiovascular; see also Hyperten- 
sion; Pre-eclampsia 

Baking powder pica mimicking preeclampsia (Barton et al). 
1992; 167:98-9 

Circulating concentrations of fetal fibronectin do not reflect 

` reduced trophoblastic invasion in preeclamptic pregnan- 
cies (Friedman et al). 1992;167:496-7 

Convulsions in pregnancy in related gorillas (Thornton and 
Onwude). 1992;167:240-1 

Differential effects of intravenous hydralazine on myoen- 
dometrial and placental blood flow in hypertensive preg- 
nant ewes (Pedron et al). 1992;167:1672-8 

Effect of orthostatic stress on umbilical Doppler waveforms 
in normal and hypertensive pregnancies (Sorensen et al). 
1992; 167:643-7 

The effects of nifedipine on pregnancy outcome and mor- 
phology of the placenta, uterus, and cervix during late 
pregnancy in the rat {Richichi and Vasilenko). 
1992; 167:797-803 l 

Increased lipolytic activity and high ratio of free fatty acids 
to albumin in sera from women with preeclampsia leads 
to triglyceride accumulation in cultured endothelial cells 
(Endresen et al). 1992;167:440-7 

Indirect blocd pressure measurement in pregnancy: Ko- 
rotkoff phase 4 versus phase 5 (Johenning and Barron). 
1992;167:577-80 (Clin. opinion) 

Initiation of antepartum testing in the hypertensive 
gravid woman (Mitra and Herbert). 1992;167:294-5 — 
(Letter) 

Magnesium pyrrolidone carboxylate infusion reduces an- 
giotensin II pressor response in pregnant women at risk 
for hypertension (Tranquilli et al). 1992;167:885-8 

Maternal ventricular tachycardia associated with hypom- 
agnesemia (Varon et al). 1992;167:1352-5 

Nifedipine treatment in preeclampsia reverts the increased 
erythrocyte aggregation to normal (Tranquilli et al). 
1992; 167:942-5 . 

Placental lipid peroxides and thromboxane are increased 
and prostacyclin is decreased in women with preeclampsia 
(Wang et al). 1992;167:946-9 

Pregnancy complicated by chronic cardiomyopathy and an 
automatic implantable cardioverter defibrillator (Piper et 
al). 1992;167:506-7 (Case rep.) 

. Proteinuria and its assessment in normal and hypertensive 
pregnancy (Kuo et al). 1992;167:723-8 

Serial measurements of platelet angiotensin II binding in 
two patients with hypertension in pregnancy: case reports 
(Baker and Pipkin). 1992;167:487-8 

Sleep quality in preeclampsia (Ekholm et al). 
1992;167:1252-6 

Pregnancy complications, infectious 

Antibodies to Chlamydia trachematis in sera of women with 
recurrent spontaneous abortions rae and Ledger). 
1992;167:135-9 

Changes in T- -lymphocyte sibpopalsions during preg- 
nancy complicated by human immunodeficiency virus in- 

`- fection (Dinsmoor and Christmas). 1992;167:1575-9 


1974 Subject index 


Pregnancy complications, infectious—cont’d 
Comparison of Gram stain, leukocyte esterase activity, and 
amniotic fluid glucose concentration in predicting amni- 
otic fluid culture results in preterm premature rup- 
ture of membranes (Gauthier and Meyer). 1992;167: 
1092-5 
Detection of cervical Chlamydia trachomatis and Neisseria gon- 
orrhoeae with deoxyribonucleic acid probe assays in ob- 
stetric patients (Hosein et al). 1992;167:588-91 
Evaluation of rapid diagnostic tests in the detection of mi- 
crobial invasion of the amniotic cavity (Coultrip and 
Grossman). 1992;167:1231-42 
Fezal blood sampling in human immunodeficiency virus~ 
seropositive women before elective midtrimester termi- 
nation of pregnancy (Viscarello et al). 1992;167:1075-9 
Human immunodeficiency virus infection among inner-city 
adolescent parturients undergoing routine voluntary 
screening, July 1987 to March 199] (Lindsay et al). 
1992; 167:1096-9 
Identification of varicella zoster virus infection (Amstey) 
(Letter); (Isada) (Reply). 1992;167:1480-1 
Inzection and labor. VIII. Microbial invasion of the amniotic 
cavity in patients with suspected cervical incompetence: 
prevalence and clinical significance (Romero et al). 
1992; 167:1086-91 
Long-term outcome in fetal hydrops from parvovirus B19 
mfection (Sheikh et al}. 1992;167:337-41 
Ncnimmune hydrops fetalis associated with maternal in- 
fection with syphilis (Barton et al). 1992:167:56-8 
Prenatal diagnosis of human parvovirus B19 in nonimmune 
hydrops fetalis by polymerase chain reaction (Kovacs et 
al). 1992;167:461-6 
Prevalence and prognostic significance of anticardiolipin an- 
tibodies in pregnancies complicated by human immuno- 
deficiency virus—] infection (Viscarello et al). 
1992; 167: 1080-5 
Seroprevalence of human immunodeficiency virus in par- 
turients at Boston City Hospital: implications for public 
health and obstetric practice (Donegan œt al). 
1992; 167:622-9 
Survival and disease progression in human immunodefi- 
ciency virus~infected women after an index delivery 
(Gloeb et al). 1992;167:152-7 
The transfer of anti-human immunodeficiency virus nu- 
cleoside compounds by the term human placenta (Baw- 
don et al). 1992;167:1570-4 
Pregnancy in adolescence 
Human immunodeficiency virus infection among inner-city 
adolescent parturients undergoing routine voluntary 
screening, July 1987 to March 1991 (Lindsay et al), 
1992; 167:1096-9 
Teenage pregnancy prevention: the vital importance of the 
rnedical community's involvement (LeHew). 
1992; 167:299-302 (Pres. address) 
Pregnancy in diabetes 
Fetal surveillance in pregnancies comolicated by insulin-de- 
pendent diabetes mellitus (Landon et al). 1992;167:817- 
21 
Perinatal outcome in pregnancy complicated by massive 
cbesity (Perlow et al). 1992; 167:958-62 
Predictive factors for the development of diabetes in women 
with previous gestational diabetes mellitus (Damm et al). 
1992;167:607-16 
Randomized trial of human versus animal species insulin in 
diabetic pregnant women: improved glycemic control, not 
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fewer antibodies to insulin, influences birth weight (Jov- 
anovic-Peterson et al). 1992;167:1325-30 
Pregnancy maintenance 

Calcium homeostasis in pregnant women receiving long- 
term magnesium sulfate therapy for preterm labor (Smith 
et al). 1992;167:45-51] 

The dosing of subcutaneous terbutaline pump tocolytic 
therapy is critical (Lam) (Letter); (Newman) (Reply). 
1992; 167:1156-7 

Myocardial necrosis in a newkorn after long-term maternal 
subcutaneous terbutaline for suppression of premature 
labor (Bey et al) (Letter); (Fletcher et al) (Reply). 
1992; 167:292-3 

Nifedipine for treatment of preterm labor: a historic pro- 
spective study (Murray et al). 1992;167:52-6 

Oral magnesium chloride for the prevention of recurrent 
preterm labor (Caritis) (Letter); (Goodman et al) (Reply). 
1992; 167:1155-6 

Transforming growth factor-B opposes the stimulatory ef- 
fects in interleukin-1 and tumor necrosis factor on 
amnion cell prostaglandin E, production: implica- 
tion for preterm labor (Bry and Hallman). 1992;167: 
222-6 

Pregnancy outcome 

Birth weight threshold for postponing preterm birth 
(DePalma et al). 1992;167:1145-9 

The effect of improvement of umbilical artery absent end- 
diastolic velocity on perinatal outcome (Bell et al). 
1992; 167:1015-20 

The effect of presentation and mode of delivery on neonatal 
outcome in the second twin (Greig et al). 1992;167: 
901-6 

The effects of nifedipine on pregnancy outcome and mor- 
phology of the placenta, uterus, and cervix during late 
pregnancy in the rat (Richichi and Vasilenko). 
1992; 167:797-803 

Elevated maternal serum a-fetoprotein levels and mid- 
trimester placental abnormalities in relation to subsequent 
adverse pregnancy outcomes (Williams et al). 
1992;167:1032-7 

Etiologic factors of recurrent abortion and subsequent re- 
productive performance of couples: Have we made any 
progress in the past 1) years? (Plouffe et al). 
1992; 167:313-21 

Excessive maternal weight and pregnancy outcome (John- 
son et al). 1992;167:353-72 

Long-term outcome in fetal hydrops from parvovirus B19 
infection (Sheikh et al). 1992;167:337-41 

Maternal characteristics, neonatal outcome, and the time of 
diagnosis of gestational diabetes (Berkowitz et al). 
1992; 167:976-82 

Maternal floor infarction: relationship to X cells, major basic 
protein, and adverse perinatal outcome (Vernof et al). 
1992; 167:1355-63 

Maternal hyperoxygenation in the treatment of intra- 
uterine growth retardation (Battaglia et al). 1992;167: 
430-5 

Natural history of chronic proteinuria complicating 
pregnancy (Stettler and Cunningham). 1992;167:1219- 
24 

Obstetric outcome of in vitro fertilization pregnancies com- 
pared with normally conceived pregnancies (Tan et al). 
1992; 167:778-84 

Outcome of antenatally diagnosed cystic adenomatoid mal- 
formations (Kuller et al). 1992;167:1038-41 
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Perinatal outcome in pregnancy complicated by massive 
obesity (Perlow et al). 1992;167:958-62 

Prediction of pregnancy outcome with single versus serial 
maternal serum a-fetoprotein tests (Wenstrom et al). 
1992; 167:1529-33 

Predictors for live birth after unexplained spontaneous 
abortions: correlations between immunologic test results, 
obstetric histories, and outcome of next pregnancy with- 
out treatment (Cowchock and Smith). 1992;167:1208-12 
(Clin. opinion) 

Prophylactic amnioinfusion improves outcome of preg- 
nancy complicated by thick meconium and oligohydram- 
nios (Macri et al). 1992:167:117-21 

A prospective, controlled multicenter study on the obstetric 
risks of pregnant women with antiphospholipid antibod- 
ies (Out et al). 1992;167:26-32 

A randomized prospective comparison of nifedipine and 
bed rest versus bed rest alone in the management of pre- 
eclampsia remote from term (Sibai et al). 1992;167:879- 
84 

Refining the biophysical profile with a risk-related evalua- 
tion of test performance (Devoe et al). 1992;167:346- 
52 

Severity of asthma and perinatal outcome (Perlow et al). 
1992; 167:963-7 

Successful pregnancy outcomes after amniotic fluid embo- 
lism (Clark). 1992;167:511-2 (Case rep.) 

Term birth after midtrimester hysterotomy and selective 
delivery of an acardiac twin (Ginsberg et al). 1992;167: 
33-7 

Ultrasonographic standards for measuring renal collecting 
system dilation (Persutte and Lenke) (Letter); (Corteville) 
(Reply). 1992; 167: 

Pregnancy trimester, first 

First-trimester diagnosis of cystic hygroma-—course and out- 
come (van Zalen-Sprock et al). 1992;167:94-8 

Normal fetal cardiac flow velocity waveforms between 11 
and 16 weeks of gestation (Wladimiroff et al). 
1992; 167:736-9 

A novel change in cytologic localization of human chorionic 
gonadotropin and human placental lactogen in first- 
trimester placenta in the course of gestation (Maruo et 
al}. 1992;167:217-22 

The smaller than expected first-trimester fetus is at in- 
creased risk for chromosome anomalies (Drugan et al). 
1992;167:1525-8 

Study of thromboxane and prostacyclin metabolism in an 
in vitro model of first-trimester human trophoblast (Diss 
et al). 1992;167:1046-52 

Umbilical vein pulsations: a physiologic finding in early ges- 
tation (Rizzo et al). 1992;167:675-7 

Pregnancy trimester, second 

B-Endorphin concentrations in fetal blood during the sec- 
ond half of pregnancy (Radunovic et al). 1992;167: 
740-4 

Effect of recreational exercise on midtrimester placental 
growth (Clapp and Rizk). 1992;167:1518-21 

Elevated levels of midtrimester maternal serum a- fetopro- 
tein are associated with preterm delivery but not with 
fetal growth retardation (Davis et al). 1992;167:596- 
601 

Elevated maternal serum a-fetoprotein levels and mid- 
trimester placental abnormalities in relation to subsequent 
adverse pregnancy outcomes (Williams et al). 
1992;167:1032-7 


Subject index 1975 


Midtrimester pregnancy termination: a randomized trial of 
prostaglandin E, versus concentrated oxytocin (Owen et 
al). 1992;167:1112-6 

Normal fetal cardiac flow velocity waveforms between lI 
and 16 weeks of gestation (Wladimiroff et al). 
1992;167:736-9 

Second-trimester echogenic bowel and chromosomal ab- 
normalities (Scioscia et al). 1992;167:889-94 

Pregnancy trimester, third 

8-Endorphin concentrations in fetal blood during the sec- 
ond half of pregnancy (Radunovic et al). 19925167: 
740-4 

Correlation of nocturnal increase in plasma oxytocin with 
a decrease in plasma estradiol/ progesterone ratio in late 
pregnancy (Fuchs et al). 1992;167:1559-63 

Premature rupture of membranes; see Fetal membranes, pre- 
mature rupture 
Premenstrual syndrome 

Reduced platelet tritium-labeled imipramine binding sites 
in women with premenstrual syndrome (Steege et al). 
1992; 167:168-72 

Serotonergic agonist and premenstrual syndrome (Born) 
(Letter); (Rapkin) (Reply). 1992;167:855 

Prenatal care 

Antepartum management of triplet gestations (Peaceman 
et al). 1992;167:1117-20 

Indirect blood pressure measurement in pregnancy: Ko- 
rotkoff phase 4 versus phase 5 (Johenning and Barron). 
1992;167:577-80 (Clin. opinion) 

Prenatal diagnosis; see also Ultrasonography, prenatal 

Congenital nephrosis: detection of index cases through ma- 
ternal serum a-fetoprotein screening (Hogge et al). 
1992; 167:1330-3 

Early detection of preeclampsia (Dalton) (Letter); (Sibai) 
(Reply). 1992;167:1479-80 

Fetal blood sampling in human immunodeficiency virus— 
seropositive women before elective midtrimester 
termination of pregnancy (Viscarello et al). 1992;167: 
1075-9 

How frequently should the amniotic fluid index be re- 
peated? (Lagrew et al). 1992;167:1129-33 

Identification of varicella zoster virus infection (Amstey) 
(Letter); (Isada) (Reply). 1992;167:1480-1 

Outcome of antenatally diagnosed cystic adenoma- 
toid malformations (Kuller et al). 1992;167:1038- 
4] 

Prenatal diagnosis of human parvovirus B19 in nonimmune 
hydrops fetalis by polymerase chain reaction (Kovacs et 
al). 1992;167:461-6 

Rapid prenatal diagnosis by fluorescent in situ hybridization 
of chorionic villi: an adjunct to long-term culture and 
karyotype (Evans et al). 1992;167:1522-5 

Second-trimester echogenic bowel and chromosomal ab- 
normalities (Scioscia et al), 1992;167:889-94 

Presacral neurectomy 

Presacral neurectomy for the treatment of pelvic pain as- 
sociated with endometriosis: a controlled study (Candiani 
et al), 1992;167:100-3 

Presentation at labor; see Labor presentation 
Presidential address 

Presidential address. 1992; 167:299-302 
Pressoreceptors 

Physiologic baroreceptor activity in the fetal lamb (Wakat- 
suki et al). 1992;167:820-7 

Preterm infant; see Infant, premature 


1976 Subject index 


Pro-life supporters 
Pro-life people oppose violence (Willke) (HEST (Grimes 
et al) (Reply). 1992;167:1484-5 : 
Proestrous luteinizing hormone; see Lateinizing hormone 
Progestational hormones 
Continuous combined conjugated equine estrogen—proges- 
togen therapy: effects of medroxvprogesterone acetate 
and norethindrone acetate on bleeding patterns and en- 
dometrial histologic diagnosis (Hillard et al). 1992;167: 
1-7 
Preclinical evaluation of norgestimate, a progestin with min- 
imal androgenic activity (Phillips et al). 1992;167:1191-6 
(Symposium) 
Progesterone 
Correlation of nocturnal increase in plasma oxytocin with 
a decrease in plasma estradiol/ progesterone ratio in late 
pregnancy (Fuchs et al). 1992;167:1559-63 
Lack of normal increase in saliva estriol/ progesterone ratio 
in women with labor induced at 42 weeks’ gestation 
(Moran et al). 1992;167:1563-4 
Luteal phase deficiency: effect of treatment on pregnancy 
rates (Karamardian and Grimes). 1992; 167: 1391-8 (Curr. 
dev.) 
Progesterone receptors; see Receptors, progesterone 
Prolactin 
Secretion of prolactin and insulin-like growth factor I by 
decidual explant cultures from pregnancies complicated 
by intrauterine growth retardation (Heffner et Pal) 
1992;167:1431-6 
Prolapse i 
The incidence of genital prolapse azter the Burch dolgo- 
suspension (Wiskind et al). 1992;167:399-405 
Prostacyclin 
The immunoglobulin G fraction frem plasma containing 
antiphospholipid antibodies causes increased placental 
thromboxane production (Peacernan and Rehnberg). 
1992; 167:1543-7 
Nitric oxide and prostacyclin inhibi: fetal platelet aggre- 
gation: a response similar to that observed in adults (Var- 
ela et al). 1992; 167:1599-604 ) 
Prostaglandin E,; see Dinoprostone 
Prostaglandin-endoperoxide synthase 
Changes in expression of the cyclooxygenase gene in human 
fetal membranes and placenta with labor (Bennett et al). 
1992:167:212-6 
Cyclooxygenase products do not modulate angiotensin H— 
induced contractions of human chorionic plate arteries 
(Sorokin et al). 1992;157:110-4 
Prostaglandin F2aq; see Diaa prost 
Prostaglandins 
Hydrogen peroxide and reoxygenation cause prostaglan- 
din-mediated contraction of human placental arteries and. 
veins (Omar et al). 1992;167:201-7 
Mechanisms of relaxation induced by prostaglandins in iso- 
lated canine uterine arteries (Kimura et | al). 
1992;167:1409-15 j 
The natural interleukin-1 receptor antagonist in term and 
preterm parturition (Romero et al. 1992;167:863-72 
Properties of an endogenous arachidonic acid—elicited re- 
laxing mechanism in human placental vessels (Omar et 
al). 1992;167:1064-70 
Prostaglandins F 
Acute intrauterine hypoxia increases amniotic fluid pros- 
taglandin F metabolites in the pregnant sheep (Valenzuela 
et al).-1992;167:1459-64 
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Protein C , 

Pregnancy loss and thrombosis with protein C de- 
ficiency (Trauscht-Van Horn et al). 1992;167:968- 
72 i 
Protein deficiency i 

Additivity of protein deficienzy and carbon monoxide on 

placental carboxyhemoglobin in mice (Singh et al). 
1992; 167:843-6 
Protein kinase C 
Activation of protein kinase C stimulates collagenase pro- 
duction by cultured cells o7 the cervix of the pregnant 
guinea pig (Rajabi et al). 1992;167:194-200 
Proteins 
Platelet-activating factor antagonists decrease lung protein 
leak im preterm ventilated rabbits (Tabor et al). 
1992; 167:810-4 
Proteinuria 
Natural history of chronic proteinuria complicating 
pregnancy (Stettler and Cunningham). 1992;167: 
1219-24 
Proteinuria and its assessment in normal and hypertensive 
pregnancy (Kuo et al). 1992;167:723-8 
Psychosexual dysfunctions 
Psychosexual aspects of the evaluation and manage- 
ment of vulvar vestibulitis (Schover et al). 1992;167: 
630-6 
Pulmonary edema 
Platelet-activating factor antagonists decrease lung protein 
leak in preterm ventilated rabbits (Tabor et al.: 
1992; 167:810-4 
Pupil 
Changes tn pupillary diameter in relation to eye-movement 
and no-eye-movement periods in the human fetus at term 
(Horimoto et al). 1992;167:1465-9 
Purpura, Schoenlein-Henoch 
Hemorrhagic endovasculitis o7 the placenta and fetomater- 
nal hemorrhage: A relationship? (Owen) (Letter); (Novak 
et al) (Reply). 1992;167:860-1 
Hemorrhagic endovasculitis of the placenta (Sander). 
'1992;167:1483 aa 


Q 


Quinacrine 
Sterilization needs in the 1990s: the case for quinacrine 
nonsurgical female sterilization (Mumford and Kessel). 
1992;167:1203-7 (Cin. opinion) 


R 


Radiation 
The treatment of pelvic soft tissue radiation necrosis 
with hyperbaric oxygen (Williams et al). 1992;167: 
412-6 
Radioactive fallout 
The influence of the post-Chernoby! fallout on birth defects 
and abortion rates in Austria (Haeusler et al). 
1992;167:1025-31 i 
Radiography 
Imaging of the levonorgestrel implantable contraceptive de- 
vice (Twickler and Schwarz. 1992;167:572-3 (Letter) 
Radioimmunoassay l 
B-Endorphin concentrations tn fetal blood during the sec- 
ond half of pregnancy (Eadunovig et al). 1992;167: 
740-4 
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Rape 
The prevalence of sexual assault: a survey of 2404 puerperal 
women (Satin et al). 1992;167:973-5 
Ras oncogene; see Genes, ras 
Receptors, adrenergic, beta 
Modulation of cell-to-cell coupling between myometrial cells 
of the human uterus during pregnancy (Sakai et al). 
1992;167:472-80 
Receptors, angiotensin 
Angiotensin II receptors on human fetal adrenal cells (Rai- 
ney et al). 1992;167:1679-85 . 
Receptors, epidermal growth factor-urogastrone 
The effect of interferon gamma on epidermal growth factor 
receptor expression in normal and malignant ovarian ep- 
ithelial cells (Boente et al). 1992;167:1877-82 
Receptors, estrogen 
Biochemical and immunohistochemical estrogen and pro- 
gesterone receptors in adenomatous hyperplasia and en- 
dometrial carcinoma: correlations with stage and other 
clinicopathologic features (Nyholm et al). 1992; 167:1334- 
42 
The concentration of estrogen receptors in Bere uterine 
myocytes .decreases in culture (Sadovsky et al). 
1992; 167:1631-5 
Receptors, progesterone 
Biochemical and immunohistochemical estrogen and pro- 
gesterone receptors in adenomatous hyperplasia and en- 
dometrial carcinoma: correlations with stage and other 
- clinicopathologic features (Nyholm et al). 1992; 167: 1334- 
42 
Rectovaginal fistula 
Transverse transperineal repair of rectovaginal fistulas in 
the lower vagina (Wiskind and Thompson). 
_ 1992;167:694-9 
Recurrent abortion; see Abortion, habitual 
Red blood cell transfusion; see Blood transfusion 
Red blood cells; see Erythrocytes 
Regional blood flow 
Differential effects of intravenous hydralazine on myoen- 
dometrial and placental blood flow in hypertensive preg- 
nant ewes (Pedron et al). 1992;167:1672-8 
Effect of magnesium sulfate on maternal brain blood flow 
in preeclampsia: a.randomized, placebo-controlled study 
(Belfort and Moise). 1992;167:661-6 ` 
The effect of magnesium sulfate on maternal retinal blood 
flow in preeclampsia:'a randomized placebo-controlled 
study (Belfort et al). 1992;167:1548-53 
Effect of maternal oxygen administration on fetal oxygen- 


ation during graded reduction of umbilical or uterine 


blood flow in fetal sheep (Paulick et al). 1992;167: 
233-9 
Validation of noninvasive fetal renal artery flow measure- 
ment by pulsed Doppler in the lamb (Veille et a 
1992; 167:1663-7 
Regression analysis — 


Composite assessment of gestational age (Thompson) (Let- - 


ter); (Hill and Guzick) (Reply): 1992;167:1153-4 
Relaxation 
Mechanisms of relaxation induced by prostaglandins in iso- 
lated canine uterine arteries (Kimura et al). 
1992;167:1409-16 i . 
Relaxation techniques 
Behavioral treatment of menopausal hot flushes: evaluation 
by ambulatory monitoring (Freedman and Woodward). 
1992;167:436-9 


Subject index 1977 


Renal an 


Effects of maternål aad of 3% carbon dioxide on ' 
umbilical artery and fetal renal and middle cerebral artery 
Doppler: waveforms (Veille and Penry). 1992;167: 1668; l 
TE> 

Validation of noninvasive fetal renal artery flow measure- 
ment by’ pulsed Doppler in‘ the lamb (Veille et al). 
1992;167:1663-7 

Renal circulation; see Kidney 
Renal pyelactasis 

Renal pyelectasis in pregnancy: correlative evaluation of fe- 
tal and maternal, collecting systems (Graif et al).- 
1992;167:1304-6 

Renin 

Effects of short-term thermal stress on plasma catechol- 
amine concentrations and plasma renin activity in preg- 
nant and nonpregnant women (Vähä-Eskel et al). 
1992;167:785-9 i 

Reoxygenation; see Oxygen 
Reproduction 

Reproductive, menstrual, and medical risk factors for en-. 
dometrial cancer: results from a case-control study (Brin- 
ton et al). 1992;167:1317-25 


- Reproductive failure; see Infertility 


Research 
Resident research in obstetrics and gynecology: develop- 
ment of a program with comparison to a national survey | 
of residency programs (Sulak et al). 1992;167:498- ~ 
502 
Research design 
Obstetric parameters. affecting success in a trial of labor: 
designation of a scoring system (Troyer and Parisi). 
1992;167:1099-104 
Residency; see. Internship and residency 
Respiratory distress syndrome, adult 
Adult respiratory distress syndrome in pregnancy (Mabie 
et al), 1992;167:950-7 l 


. Retina 


The effect of magnesium sulfate on maternal retinal blood 
flow in preeclampsia: a randomized placebo-controlled 
study (Belfert et al). 1992;167:1548-53 

Rhesus isoimmunization 

Computerized measurement of heart rate variation in fetal 
anemia caused by rhesus alloimmunization (Economides 
et al). 1992; 167:689-93 

Do abnormal Starling forces cause fetal hydrops in Sed 
blood cell allotmmunization? (Moise et ae 1992; 167:907- 
12 

Fetal plasma erythropoietin concentration in fed blood cell— 

_ .Ssoimmunized pregnancies . (Thilaganathan et al). 
1992; 167:1292-7 

Ritodrine . 

Evaluation of maternal fluid dynamics diudag tocolytic ther- 
apy with ritodrine hydrochloride and magnesium sulfate 
(Armson et al). 1992;167:758-65 

Failure of ritodrine to prevent preterm labor in the sheep 
(Lye et ali. 1992;167:1399-408 


RNA, messenger 


Attenuated proestrous luteinizing hormone surges in mid- 
dle- -aged rats are associated with decreased pituitary lu- 
teinizing hormone-ß messenger ribonucleic acid expres- 
sion (Hogg et al). 1992;167:303-7 

Decrease in annexin I messenger ribonucleic acid expres- ` 
sion in human amnion with labor (Lynch-Salamon et al). 
a992, Wee 1657-63 


_ 1978 Subject index 


RNA, messenger—cont’d 
Messenger ribonucleic acid for transforming growth factor- 
_ a, but not for epidermal growth factor, is expressed in 
fetal and neonatal mouse brain (Yeh et al). 1992;167: 
242-5 7 
RU 486; see Mifepristone 
Ryanodine 
Interactive effects of volatile anesthetics, verapamil, and ry- 
anodine on contractility and calcium homeostasis of iso- 
lated pregnant rat myometrium (Laszlo et al). 
1992; 167:804-10 


Saliva 
Lack of norma] increase in saliva estricl/ progesterone ratio 
in women with labor induced at 42 weeks’ gestation 
(Moran et al). 1992;167:1563-4 
Salpingitis 
Microbial etiology of urban emergency department acute 
salpingitis: treatment with ofloxacin (Soper et al). 
1992; 167:653-60 
Salpingo-oophorectomy; see Ovariectomy 
Scar; see Cicatrix 
Scoring system; see Research design 
Seizures 
Peripheral magnesium sulfate enters the brain and increases 
the threshold for hippocampal seizures in rats (Hallak et 
al). 1992;167:1605-10 
Self-test 
Self-administered home cervicovaginal lavage: a novel tool 
for the clinical-epidemiologic investigation of genital hu- 
man papillomavirus infections (Morrison et al). 
1992;167:104-7 
Serotonin agonists 
Serotonergic agonist and premenstrual syndrome (Born) 
(Letter); (Rapkin) (Reply). 1992;167:855 
Sexual abstinence 
Teenage pregnancy prevention: the vical importance of the 
medical community’s involvement (LeHew). 
1992:167:299-302 (Pres. address) 
Sexual assault; see Rape 
Signal transduction 
Regulatory effect of antiphospholipid antibodies on signal 
transduction: a possible model for autoantibody-induced 
reproductive failure (Gleicher et al). 1992;167:639- 
42 
Simian virus 40; see SV40 virus 
Sleep 
Sleep quality in 
1992;167:1262-6 
Smoking 
Cigarette smoking and urinary inccntinence in women 
(Bump and McClish). 1992;167:1213-8 
Factors influencing the exfoliation of cervicovaginal epithe- 
lial cells (Basu et al). 1992;167:1904-9 
Smooth muscle; sec Muscle, smooth 
Society for Gynecologic Investigation 
Papers of the Society for Gynecologic Investigation. 
1992;167:1487-909 
Society of Perinatal Obstetricians 
Transactions of the twelfth annual meeting of the Society 
of Perinatal Obstetricians. 1992;167:863-1149 
Socioeconomic status 
Association of intrauterine fetal growth retardation and 


preeclampsia (Ekholm et al). 
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learning deficits at age 9 to 11 years (Low et al). 
1992; 167:1499-505 
South Atlantic Association of Obstetricians and Gynecolo- 
gists 

Transactions of the fifty-fourth annual meeting of the South 
Atlantic Association of Obstetricians and Gynecologists. 
1992; 167:299-416 

Spectrum analysis 

Fetal heart rate variability and behavioral state: analysis by 

power spectrum (Davidson et al). 1992;167:717-22 
Sperm 

Prediction of fertilization in vitro with human gametes: Is 
there a litmus test? (Oehninger et al). 1992:167: 
1760-7 

Spigelian hernia; see Hernia, abdominal 
Squamous cell carcinoma; see Carcinoma, squamous cell 
SRY gene 

Absence of the testicular determining factor gene SRY in 
XX true hermaphrodites and presence of this locus in 
most subjects with gonadal dysgenesis caused by Y an- 
euploidy (Tho et al). 1992;167:1794-802 

Stains and staining 

Comparison of Gram stain, leukocyte esterase activity, and 
amniotic fluid glucose concentration in predicting amni- 
otic fluid culture results in preterm premature rup- 
ture of membranes (Gauthier and Meyer). 1992;167: 
1092-5 

Simplified Gram stain interpretive method for diagnosis 
of bacterial vaginosis (Thomason et al). 1992;167: 
16-9 

Starling forces 

Do abnormal Starling forces cause fetal hydrops in red 
blood cell alloimmunization? (Moise et al). 1992;167:907- 
12 

Startle reaction 
The fetal recoil test (Strong et al). 1992;167:1382-3 
Sterilization 

Contraceptive use projections: 1990 to 2010 (Trussell and 
Vaughan). 1992;167:1 160-4 Symposium) 

Sterilization needs in the 1990s: the case for quinacrine 
nonsurgical female sterilization (Mumford and Kessel). 
1992; 167:1203-7 (Clin. opinion) 

Steroids 

Angiotensin II receptors on human fetal adrenal cells (Rai- 
ney et al). 1992;167:1679-85 

Influence of corpus luteum age on the steroidogenic re- 
sponse to exogenous human chorionic gonadotropin 
in normal cycling women (Fritz et al). 1992;167:709- 
16 

Stress 

Effects of short-term thermal stress on plasma catechol- 
amine concentrations and plasma renin activity in preg- 
nant and nonpregnant women (Vahd-Eskeli et al). 
1992;167:785-9 

Stress, psychological 

Behavioral stress responses in premenopausal and post- 
menopausal women and the effects of estrogen (Lindheim 
et al). 1992;167:1831-6 

Subchorionic hematoma; see Hematoma 
Substance abuse 

Cocaine impairs gonadotropin secretion tn oophorectom- 
ized monkeys (Canez et al). 1992;167:1785-93 

Fetal catecholamine, cardiovascular, and neurobehavioral 
responses to cocaine (Chan et al). 1992;167:1616- 
23 


A 


Volume 167 
Number 6 


Rupture of uterine scar with extensive maternal bladder 
laceration after cocaine abuse (Hsu et al). 1992;167:129- 
30 
Suction 
Does DeLee suction at the perineum prevent meconium 
aspiration syndrome? (Falciglia et al). 1992;167: 
1243-9 
Surgical staplers 
Ureter injury during laparoscopy-assisted vaginal hyster- 
ectomy with the endoscopic linear stapler (Woodland). 
1992;167:756-7 
Surgical wound dehiscence 
Early repair of episiotomy dehiscence associated with in- 
fection (Ramin et al), :992;167:1104-7 
Suture techniques 
Transverse uterine incision closure: one versus two layers 
(Hauth et al). 1992;167:1108-11 
SV40 virus 
Simian virus 4@—transformed human ovarian surface epi- 
thelial cells escape normal growth controls but retain mor- 
phogenetic responses to extracellular matrix (Maines- 
Bandiera et al). 1992;167:729-35 
Sympathomimetics 
Neonatal periventricular-intraventricular hemorrhage after 
maternal B-sympathomimetic tocolysis (Groome et al). 
1992; 167:873-9 
Nifedipine for treatment of preterm labor: a historic pro- 
spective study (Murray et al). 1992;167:52-6 
Symposium 
Next generation of contraception: oral contraceptives in the 
1990s. 1992;167:1159-202 
Pathophysiology of infertility associated wtih endometriosis. 
1992;167:250-9] 
Syndrome X 
Angina and normal coronary arteries In women: gyneco- 
logic findings (Sarrel et al). 1992;167:467-72 
Syphilis 
Nonimmune hydrops fetalis associated with maternal 
infection with syphilis (Barton et al). 1992;167: 
56-8 
Systemic lupus erythematosus; sce Lupus erythematosus, sys- 
temic 


T 


T lymphocytes 
Changes in T-lymphocyte subpopulations during preg- 
nancy complicated by human immunodeficiency vi- 
rus infection (Dinsmoor and Christmas). 1992;167: 
1575-9 
Tachycardia 
Maternal ventricular tachycardia associated with hypom- 
agnesemia (Varon et al). 1992;167:1352-5 
Tachyphylaxis 
Cyclooxygenase products do not modulate angiotensin H- 
induced contractions of human chorionic plate arteries 
(Sorokin et al). 1992;167:110-4 
Tamoxifen 
Role of 178-estradiol and tamoxifen in induction of endo- 
metrial carcinoma in experimental animal model: nude 
mice (Farghaly) (Letter); (Satyaswaroop) (Reply). 
1992;167:1154 
Taxol 
Divergent effects of taxcl on tumor necrosis factor-a—me- 
diated cytolysis of ovarian carcinoma cells (Williams et al). 
1992; 167:1870-6 


Subject index 1979 


Teenager; see Adolescence 
Telomere a 
Telomere reduction in endometrial adenocarcinoma (Smith 
and Yeh). 1992;167:1883-7 
Terbutaline 
The dosing of subcutaneous terbutaline pump tocolytic 
therapy is critical (Lam) (Letter); (Newman) (Reply). 
1992;167:1156-7 
The effect of tocolytic agents (indomethacin and terbuta- 
line) on fetal breathing anc. body movements: a prospec- 
tive, randomized, double-blind, placebo-controlled clini- 
cal trial (Hallak et al). 1992;167:1059-63 
Myocardial necrosis in a newborn after long-term maternal 
subcutaneous terbutaline for suppression of premature 
labor (Bey et al) (Letter); (Fletcher et al) (Reply). 
1992; 167:292-3 
Terbutaline does not improve lung function in preterm rab- 
bits (Fiascone et al). 1992;167:847-53 
Termination of pregnancy; see Abortion 
Testicular determining factor 
Absence of the testicular determining factor gene SRY in 
XX true hermaphrodites and presence of this locus in 
most subjects with gonadal dysgenesis caused by Y an- 
euploidy (Tho et al). 1992;167:1794-802 
Theca cell tumor 
Recurrent maternal virilization during pregnancy caused by 
benign androgen-producing ovarian lesions (VanSlooten 
et al). 1992;167: 1342-3 
Therapeutic abortion; see Abortion, therapeutic 
Thermal stress; see Stress 
Thoracic duct 
Long-term vascular volume expansion maintains elevated 
thoracic duct lymph flow (Valenzuela). 19923167: 
1453-8 
Thorax 
Use of the feral chest in estimating fetal weight (Winn et 
al). 1992;167:448-50 
Thrombosis 
Pregnancy loss and thrombosis with protein C deficiency 
(Trauscht-Van Horn et al). 1992;167:968-72 
Recent advances in understanding clotting and evaluating 
patients with recurrent thrombosis (Alving and Comp). 
1992; 167:1184-91 (Symposium) 
Thromboxanes 
The immunoglobulin G fraction from plasma containing 
antiphospholipid antibodies causes increased placental 
thromboxane production (Peaceman and Rehnberg). 
1992;167:1543-7 
Low-dose aspirin inhibits lipid peroxides and thromboxane 
but not prostacyclin in pregnant women (Walsh et al). 
1992; 167:926-30 
Placental lipid peroxides and thromboxane are increased 
and prostacyclin is decreased in women with preeclampsia 
(Wang et al}. 1992;167:946-9 
Study of thromboxane and prostacyclin metabolism in an 
in vitro model of first-trimester human trophoblast (Diss 
et al). 1992;167:1046-52 
Ticarcillin 
Transfer of Timentin (ticarcillin and clavulanic acid) across 
the in vitro perfused human placenta: comparison with 
other agents (Fortunato et al). 1992;167:1595-9 
Timentin 
Transfer of Timentin (ticarcillin and clavulanic acid) across 
the in vitro perfused human placenta: comparison with 
other agents (Fortunato et al). 1992;167:1595-9° 


1980 Subject index 


Tocolysis 
Antepartum management of triplet gestations (Peaceman 
et al), 1992;167:1117-20 l 
The dosing of subcutaneous terbutaline pump tocolytic 
therapy is critical (Lam) (Letter); (Newman) (Reply). 
1992;167:1156-7 
The effect of tocolytic agents (indomethacin and terbuta- 
line) on fetal breathing and body məvements: a prospec- 
tive, randomized, double-blind, placebo-controlled clini- 
cal trial (Hallak et al). 1992;167:1059-63 l 
Evaluation of maternal fuid dynamics during tocolytic ther- 
apy with ritodrine hydrochloride and magnesium sulfate 
'(Armson et al). 1992;167:758-65 
Failure of ritodrine to prevent preterm labor in the sheep 
(Lye et al). 1992;167:1399-408 
Neonatal periventricular-intraventricular hemorrhage after 
maternal B-sympathomimetic tocolysis (Groome et al). 
1992; 167:873-9 
Nifedipine for treatment of preterm labor: a historic pro- 
spective study (Murray et al). 1992;167:52-6 
Oral magnesium chloride for the prevention of recurrent 
preterm labor (Caritis) (Letter); (Goodman et al) (Reply). 
1992; 167:1155-6 l 
The presence of amniotic fuid leukoattractants accurately 
identifies histologic chorioamnionitis and predicts tocol- 
ytic efficacy in patients with idiopathic preterm labor 
(Cherouny et al). 1992;167:683-8 
Tomography, x-ray computed 
Cerebral imaging in eclampsia; magnetic resonance imaging 
versus computed tomography (Dahmus et al. 
1992;167:935-41- 
Computed tomography: Does it really improve the treat- 
ment of cervical carcinoma? (Moore et al). 1992;167:768- 
71 
Tracheoesophageal occlusion 
Amniotic fluid composition changes during urine drainage 
and tracheoesophageal occlusion in Zetal sheep (Jang and 
' Brace). 1992;167:1732-41 
Traction 
The development and testing of rew instruments for 
operative vaginal delivery (Elliott et al), 1992;167: 
1121-40 
Effect of angular traction on the performance of mo- 
dern vacuum extractors (Muise et al). 1992;167: 
1125-9 
Transactions 
Transactions of the fifty-fourth annual meeting of the South 
Atlantic Association of Obstetricians and Gynecologists. 
1992; 167:299-416 
Transactions of the twelfth annual meeting of the Society 
of Perinatal Obstetricians. 1992;167:863-1149 
Transforming growth factor-alpha 
Messenger ribonucleic acid for transforming growth factor- 
a, but not for epidermal growth factor, is expressed in 
fetal and neonatal mouse brain (Yeh et al). 1992;167: 
242-5 . 
Transforming growth factor-beta 
Transforming growth factor-B opposes the stimulatory ef- 
fects in interleukin-l and tumor necrosis factor on 
amnion cell prostaglandin E, production: implica- 
tion for preterm labor (Bry and Hallman). 1992;167: 
222-6 l 
Transperineal repair; see Perineum 
Transplantation, homologous 
The fetus as an allograft: immunobiologic role of human 
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trophoblasts for fetal survival (Saji et al). 1992;167:251- 
6 (Symposium) 
Transportation 

Daily commuting and preterm birth rate (Saurel-Cubi- 
zolles). 1992;167:571-2 (Letter) 

Transvaginal ultrasonography; sce Ultrasonography 
Trial of labor 

Obstetric parameters affecting success in a trial of labor: 
designation of a scoring svstem (Troyer and Parisi). 
1992; 167:1099-104 

Triglycerides 

Increased lipolytic activity and high ratio of free fatty acids 
to albumin in sera from women with preeclampsia leads 
to triglyceride accumulation in cultured endothelial cells 
(Endresen et al). 1992;167:440-7 

Triphasic oral contraceptives; see Contraceptives, oral 
Triplets 

Antepartum management of triplet gestations (Peaceman 

et al). 1992;167:1117-20 
Triploidy; see Chromosome abnormalities 
Trisomy 

Fetal choroid plexus cysts and trisomy 18 (Bernstein) (Let- 

ter); (Platt) (Reply). 1992;167:293 
Tritium 

Reduced platelet trittum-labeled imipramine binding sites 
in women with premenstrual syndrome (Steege et al). 
1992; 167;168-72 

Trophoblast F 

An immunohistologic study of endothelialization of utero- 
placental vessels in human pregnancy—evidence that en- 
dothelium is focally disrupted by trophoblast in pre- 
eclampsia (Khong et al). 1992;167:751-6 

Circulating concentrations of fetal fibronectin do not reflect 
reduced trophoblastic invasion in preeclamptic pregnan- 
cies (Friedman et al). 1992;167:496-7 

The fetus as an allograft: immunobiologic role of human 
trophoblasts for fetal survival (Saji et al). 1992;167:251- 
6 (Symposium) 

Study of thromboxane and prostacyclin metabolism in an 
in vitro model of first-trimester human trophoblast (Diss 
et al). 1992;167:1046-52 

Trophoblastic tumor 

Ifosfamide alone and in combination in the treatment of 
refractory malignant’ gestational trophoblastic disease 
(Sutton et al). 1992;167:489-95 | 

Revision in classification by International Federation of Gy- 
necology and Obstetrics (Creasman). 1992;167:857-8 
(Letter) 

Tubal pregnancy; see Pregnancy, tubal 

Tumor-infiltrating lymphocytes; see Lymphocytes, tumor-in- 
filtrating 

Tumor necrosis factor 

Amniotic fluid tumor necrosis zactor-e and interleukin-| in 
a rabbit model of bacterially induced preterm pregnancy 
loss (McDuffie et al). 1992:157:1583-8 

Divergent effects of taxol on tumor necrosis factor-a—me- 
diated cytolysis of ovarian carcinoma cells (Williams et al). 
1992;167:1870-6 

Quantitation of tumor necrosis factor-a, interleukin-18, 
and interleukin-6 in the effusions of ovarian epi- 
thelial neoplasms ‘Kutteh and Kutteh). 1992;167: 
1864-9 

Transforming growth factor-B opposes the stimulatory 
effects in interleukin-1 and tumor necrosis factor 
on amnion cell prostaglandin E, production: implica- 
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tion for preterm labor (Bry and Hallman). 1992;167: 
222-6 
Tumor necrosis factor-a selectively stimulates prostaglandin 
F,, production by macrophages in human term decidua 
(Norwitz et al). 1992;167:815-20 
Tumor necrosis factor-« in midtrimester amniotic fluid is 
associated with impaired intrauterine fetal growth (Hey- 
; borne et al). 1992;167:920-5 
Turner’s syndrome 
Multiple-marker screening in pregnancies with hydropic 
and nonhydropic Turner syndrome (Saller et al). 
1992;167:1021-4 
Twins 
The effect of presentation and mode of delivery on neonatal 
outcome in the second twin (Greig et al). 1992;167: 
901-6 
Fetal heart rate accelerations, fetal movement, and fetal be- 
havior patterns in twin gestations (Gallagher et al). 
1992;167:1140-4 
Pathways to hysterectomy: insights from longitudinal twin 
`- research (Treloar et al). 1992;167:82-8 
Simultaneous ovarian and intrauterine pregnancy: case re- 
port (Bernabei et al). 1992;167:134-5 
Term birth after midtrimester hysterotomy and selective 
delivery of an acardiac twin (Ginsberg et al). 1992;167: 
33-7 
Transverse cerebellar diameter in twin gestations (Shimizu 
et al). 1992;157:1004-8 
Transverse cerebellar diameter measurements in twin preg- 
nancies and the effect of intrauterine growth retardation 
(Lettieri et al). 1992;167:982-5 


U 


Ultradian rhythm; see Activity cycles 
Ultrasonography 
Evaluation of pretreatment transvaginal ultrasonography in 
the management of patients with endometrial carcinoma 
(Shipley et al). 1992;167:406-12 
Imaging of the levonorgestrel implantable contraceptive 
device (Twickler and Schwarz). 1992;167:572-3 
(Letter} 
Postpartum ultrasonographic findings associated with pla- 
centa accreta (Shapiro et al). 1992;167:601-2 
Transvaginal ultrasonography in the differential diagnosis 
of adenomyoma versus leiomyoma (Fedele et al). 
1992;167:603-6 © 
Ultrasonography, prenatal; see also Prenatal diagnosis 
Amnioinfusion: an aid in the ultrasonographic evaluation 
of severe oligohydramnios in pregnancy (Quetel et al). 
1992; 167:335-6 
Amniotic uid volume assessment: comparison of ultrason- 
ographic estimates versus direct measurements with a 
dye-dilution technique in human pregnancy (Dildy et al). 
1992;167:986-94 
Assessment of the renal circulation during pregnancy with 
color Doppler ultrasonography (Sturgiss et al). 
1992;167:1250-4 
Changes in pupillary diameter in relation to eye-movement 
and ‘no-eye-movement periods in the human fetus at term 
(Horimoto et al). 1992;167:1465-9 
The development of ultradian rhythms in the human fetus 
(Pillai et al). 1992;167:172-7 
Do semiquantitative amniotic fluid indexes reflect actual vól- 
ume? (Croom et al). 1992;167:995-9 


Subject index 1981 


Fetuses with Down syndrome have disproportionately short- 
‘ened frontal lobe dimensions on ultrasonographic 
examination (Bahado-Singh et al). 1992;167:1009- 
14 

First-trimester diagnosis of cystic hygroma—course and out- 
come (van Zalen-Sprock et al). 1992;167:94-8 

Macrosomia in postdates pregnancies: the accuracy of rou- 
tine ultrasonographic screening (Pollack et al). 
1992;167:7-11 l 

Measurement of amniotic fluid volume: accuracy of ultra- 
sonography techniques (Magann et al). 1992;167: 
1533-7 

A ‘modified freehand ultrasonographically guided tech- 
nique in transabdominal chorionic villus sampling (Saura 
et al). 1992;167:1483-4 (Letter) 

Nonimmune fetal hydrops caused by bilateral type III 
congenital cystic adenomatoid malformation of the 
lung at 17 weeks’ gestation (Sherer et al). 1992;167: 
503-5 

Renal pyelectasis in pregnancy: correlative evaluation of fe- 
tal and maternal collecting systems (Graif et al). 
1992; 167:1304-6 

Screening for congenital heart disease with the four-cham- 
ber view of the fetal heart (Vergani et al). 1992;167: 
1000-3 

Screening for Down syndrome with the femur length/bi- 
parietal diarneter ratio: a new twist of the data (Platt et 
al). 1992:167:124-8 

Transverse cerebellar diameter in twin gestations (Shimizu 
et al). 1992;167:1004-8 

Ultrasonographic standards for measuring renal collecting 
system dilation (Persutte and Lenke) (Letter); (Corteville) 
(Reply). 1992;167: 

Umbilical vein pulsations: a physiologic finding in early ges- 
tation (Rizzo et al). 1992;167:675-7 

Validation of noninvasive fetal renal artery flow measure- 
ment by pulsed Doppler in the lamb (Veille et al). 
1992; 167:1663-7 

Umbilical artery 

Asphyxial complications in the term newborn with 
severe umbilical acidemia (Goodwin et al). 1992;167: 
1506-12 

The effect of improvement cf umbilical artery absent end- 
diastolic velocity on perinatal outcome (Bell et al). 
1992; 167:1015-20 

Effects of maternal administration of 3% carbon dioxide on 
umbilical artery and fetal renal and middle cerebral artery 
Doppler waveforms (Veille and Penry). 1992;167:1668- 
71 i 

Fetal hemodynamic response to maternal intravenous nic- 
otine administration (Clark and Irion). 1992;167:1624- 
31 ; 

Vascular resistance and the umbilical arterial velocity wave- 
forms (Adamson et al) (Letter); (Erkkola and Pirhonen) 
(Reply). 1992;167:1910-1 

Umbilical blood flow; see Regional blood flow 
Umbilical cord 

An association between placental location and nu- 
chal cord occurrence (Collins). 1992;167:570-1 
(Letter) - 

“Classic nonstress test” and “ambulatory stress test” in the 
assessment of umbilical cord compression (Bernardes) 
(Letter); (Collins) (Reply). 1992;167:1911 

Immunolocalization of the vasoconstrictor endothelin in hu- 
man endometrium during the menstrual cycle and in um- 


1982 Subject index 


Umbilical cord—cont’d 
bilical cord at birth (Salamonsen et al). 1992;167: 
163-7 . 
Transient umbilical cord occlusion causes hippocampal 
damage in the fetal sheep (Mallard et al). 1992;167:1423- 
30 
Umbilical vein 
Umbilical vein pulsations: a physiologiz finding in early ges- 
tation (Rizzo et al}. 1992;167:675-7 
Umbilical venous pressure in nonimmune hydrops fetalis: 
` correlation with cardiac size (Johnson et al). 
1992;167:1309-13 
Ureter 
Ureter injury during laparoscopy-assisted vaginal hyster- 
ectomy with the endoscopic linear stapler (Woodland). 
1992; 167:756-7 
Urinalysis 
Proteinuria and its assessment in normal and hypertensive 
pregnancy (Kuo et al). 1992;167:723-8 
Urinary incontinence 
Cigarette smoking and urinary incontinence in women 
(Bump and McClish). 1992;167:1213-8 
The incidence of genital prolapse after the Burch colpo- 
suspension (Wiskind et al). 1992;167:399-405 
Obesity and lower urinarv tract function in women: effect 
of surgically induced weight loss (Bump et al). 
1992; 167:392-9 
Urinary tract 
Obesity and lower urinary tract function in women: effect 
of surgically induced weight loss (Bump et al). 
1992; 167:392-9 


. Urination > 


Indomethacin-induced urinary flow rate reduction in the 
ovine fetus is associated with reduced free water clearance 
and elevated plasma arginine vasopressin levels (Walker 
et al), 1992;167:1723-3] 

Urine 


Amniotic fluid composition changes during urine drainage 


and tracheoesophageal occlusion in tetal sheep (Jang and 
Brace). 1992:167:1732-41 
Magnesium sulfate therapy in preeclampsia is associated 
with increased urinary cyclic guanosine monophosphate 
excretion (Barton et al). 1992;167:931-4 
Rapid intramembranous absorption of water infused 
into the ovine allantoic cavity (Gilbert). 1992;167: 
1742-7 
Urogenital system 
An ultrastructural study of the developing urogenital tract 
in early human fetuses (Lawrence et al). 1992;167:185- 
93 
Uterine artery 
Contractile effect of endothelin in the human uterine artery 
and autoradiographic localization of its binding sites 
(Bodelsson et al). 1992;167:745-50 
Effect of endothelin-] on the uterine vasculature of the 
pregnant and estrogen-treated nonpregnant sheep (Yang 
and Clark). 1992;167:15642-50 
Estrogen-induced uterine vasodilatation is antagonized 
by L-nitroarginine methyl ester, an inhibitor of nitric 
oxide synthesis (Van Buren et al). 1992;167:828- 
33 
Mechanisms of relaxation induced by >rostaglandins in iso- 
lated canine uterine arteries (Kimura et al). 
1992; 167:1409-16 
Uterine blood flow; see Regional blood flow 
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Uterine contraction 

Contraction monitoring with a manager calculator (Török 
et al). 1992;167:1389-90 

Failure of ritodrine to prevent preterm labor in the sheep 
(Lye et al). 1992;167:1399-408 

Home uterine activity monitoring in France: a rando- 
mized, controlled trial (Blondel et al). 1992;167: 
424-9 

Interactive effects of volatile anesthetics, verapamil, and ry- 
anodine on contractility and calcium homeostasis of iso- 
lated . pregnant rat myometrium (Laszlo et al). 
1992;167:804-10 

Myometrial contractile responsiveness to oxytocin after 
dexamethasone suppression of circadian uterine activity 
in pregnant rhesus macaques during late gestation (Duc- 
say et al). 1992;167:1636-41 

Uterine neoplasms 

Biochemical and immunohistochemical estrogen and pro- 
gesterone receptors in adencmatous hyperplasia and en- 
dometrial carcinoma: correlations with stage and other 
clinicopathologic features (Nyholm et al). 1992; 167:1334- 
42 

Evaluation of pretreatment transvaginal ultrasonography in 
the management of patients with endometrial carcinoma 
(Shipley et al). 1992; 167:406-12 

Increased bioactive luteinizing hormone levels in post- 
menopausal women with endometrial cancer (Nagamani 
et al). 1992;167:1825-30 

Inhibitory effect of medroxyprogesterone acetate on angio- 
genesis induced by human endometrial cancer (Jikihara 
et al). 1992;167:207-11 

Mutations of the Ki-ras oncogene in endometrial carcinoma 
(ignar-Trowbridge ez al). 1992; 167:227-32 

Oral contraceptives and gynecologic cancer: an update 
for the 1990s (Kaunitz). 1992;167:1171-6 (Sympo- 
sium) 

Reproductive, menstrual, and medical risk factors for en- 
dometrial cancer: results from a case-control study (Brin- 
ton et al). 1992:167:1317-25 

Role of 17B-estradiol and tamoxifen in induction of endo- 
metrial carcinoma in experimental animal model: nude 
mice (Farghaly) (Letter); (Satyaswaroop) (Reply). 
1992;167:1154 

Selective pelvic and  periaortic lymphadenectomy 
does not increase morbidity in surgical staging of endo- 
metrial carcinoma (Homesley et al). 1992;167:1225- 
30 

Telomere reduction in endometrial adenocarcinoma (Smith 
and Yeh). 1992;167:1883-7 

Uterine rupture 

Rupture of uterine scar with extensive maternal bladder 
laceration after cocaine abuse (Hsu et al). 1992;167:129- 
30 

Uteroplacental vessels; see Blood vessels 
Uterus 

An immunochemical and immunocytologic study of the in- 
crease in myometrial gap junctions (and connexin 43) in 
rats and humans during pregnancy (Tabb et al). 
1992; 167:559-67 l 

The concentration of estrogen receptors in rabbit uterine 
myocytes decreases in culture (Sadovsky et al). 
1992;167:1631-5 

Effect of calcitonin gene-related peptide on the uterine vas- 
culature of the nonpregnant ewe (Yang et al). 
1992;167:178-84 
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Effect of maternal oxygen administration on fetal oxygen- 
ation during graded reduction of umbilical or uterine 
blood flow in fetal sheep (Paulick et al). 1992;167: 

~. 233-9 

The effects of nifedipine on pregnancy outcome and mor- 
phology of the placenta, uterus, and cervix during late 
pregnancy in the rat (Richichi and Vasilenko). 
1992; 1167:797-803 

Modulation of cell-to-cell coupling between myometrial cells 
of the humar. uterus during pregnancy (Sakai et al). 
1999; 167:472-80 

Studies of connexin 43 and cell-to-cell coupling in cultured 
human uterine smooth muscle (Sakai et al). 
1992:167:1267-77 

Transverse uterine incision closure: one versus two layers 
(Hauth et al). 1992;167:1108-11 


V 


Vacuum extraction, obstetrical 
Effect of angular traction on the performance of 
modern vacuum extractors (Muise et al). 1992;167: 
1125-9 
Vagina 
Association of cervicovaginal infections with increased vag- 
inal fluid phospholipase A, activity (McGregor et al). 
1992; 167:1588-94 
y Transverse transperineal repair of rectovaginal fistulas in 
the lower vagina (Wiskind and Thompson). 
1992;167:694-9 
The treatment of pelvic soft tissue radiation necrosis 
with hyperbaric oxygen (Williams et al). 1992;167: 
412-6 
Vaginal foreign body extraction by forceps: a case report 
(Emge). 1992;167:514-5 (Case rep.) l 
Vaginal agenesis 
Genetic offspring in patients with vaginal agenesis: specific 
medical and legal issues (Batzer et al). 1992;167:1288- 
92 
Vaginal birth after cesarean section 
Morbidity of failed labor in patients with prior cesarean 
: section (Stone et al). 1992;167:1513-7 
Obstetric parameters affecting success in a trial of labor: 
designation of a scoring system (Troyer and Parisi). 
1992;167:1099-104 
Vaginal delivery; see Delivery 
Vaginal hysterectomy; see Hysterectomy 
Vaginal neoplasms 


Laser therapy for intraepithelial cancer of the vagina (Sher- ' 


man). 1992;167:293-4 (Letter) 
Vaginitis 
Simplified Gram stain interpretive method for diagnosis 
of bacterial vaginosis (Thomason et al). 1992;167: 
16-9 
Varicella-zoster virus 
Identification of varicella zoster virus infection 
(Amstey) (Letter); (Isada) (Reply). 1992;167: 
1480-1 
Vascular reactivity: see Blood vessels 
Vascular resistance 


Umbilical vein pulsations: a physiologic finding in early ges- - 


tation (Rizzo et al). 1992;167:675-7 
Vascular resistance and the umbilical arterial velocity wave- 


Subject index 1983 


forms (Adamson et al) (Letter); (Erkkola and Pirhonen) 
(Reply). 1992;167:1910-1 
Vasoconstriction 
The comparative effects of big endothelin-1, endothelin-1, 
and endothelin-3 in the human fetal-placental circulation 
(Myatt et al). 1992;167:1651-6 
Endogenous modulation of the blunted adrenergic re- 
sponse in resistance-sized mesenteric arteries from the 
pregnant rat (Davidge and McLaughlin). 1992;167: 
1691-8 l 
Immunolocalization of the vasoconstrictor endothelin in 
human endometrium during the menstrual cycle and 
in umbilical cord at birth (Salamonsen et al). 1992;167: 
163-7 
Vasodilation 
Estrogen-induced uterine vasodilatation is antago- 
nized by L-nitroarginine methyl ester, an inhibitor of 
nitric oxide synthesis (Van Buren et al). 1992;167:828- 
33 
Vasopressins 
Ovine maternal and fetal renal vasopressin receptor re- 
sponse to maternal dehydration (Kullama et al). 
1992;167:1717-22 
Venous pressure 
Umbilical venous pressure in nonimmune hydrops fetalis: 
correlation with cardiac size (Johnson et al). 
1992; 167:1309-13 
Verapamil 
Interactive effects of volatile anesthetics, verapamil, and ry- 
anodine on contractility and calcium homeostasis of iso- 
lated pregnant rat myometrium (Laszlo et al). 
1992; 167:804-10 
Version, fetal 
Repeated external cephalic version at term (Rosen et al). 
1992; 167:508-9 (Case rep.) 
Vesicorectal fistula: see Fistula 
Vibroacoustic stimulation; see Acoustic stimulation 
Violence 
Pro-life people oppose violence (Willke) (Letter); (Grimes 
et al) (Reply). 1992;167:1484-5 
Virilization 
Recurrent maternal virilization during pregnancy caused by 
benign andragen-producing ovarian lesions (VanSlooten 
et al). 1992;167:1342-3 
Volatile anesthesia; see Anesthesia 
Vulvar diseases 
Psychosexual aspects of the evaluation and manage- 
ment of vulvar vestibulitis (Schover et al). 1992;167: 
630-5 
Vulvar neoplasms 
Recurrent squamous carcinoma of the vulva (Tilmans et al). 
1992; 167:1382-9 


W 


Weight loss 
Obesity and lower urinary tract function in women: effect 
of surgically induced weight loss (Bump et al). 
1992;167:392-9 
West Virginia 
Retrospective maternal mortality case ascertainment in 
West Virginia, 1985 to 1989 (Dye et al). 1992;167: 
72-6 


1984 Subject index 


Wolffian duct 
An ultrastructural study of the developing urogenital tract 
in early human fetuses (Lawrence et al). 1992;167:185- 
"383 
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X 


X cell 
Maternal floor infarction: relationship to X cells, major basic 
-` protein, and adverse perinatal outcome (Vernof et al). 
1992; 167:1355-63 


L 1 


PERINATOLOGIST _ 


- Perinatologist sought to develop a program | 


of research in maternal-fetal medicine. The 
successful applicant will be primarily respon- 


sible for initiating research in both basic sci- — 
ence and in clinical and epidemiologic. as-. 


pects of maternal-fetal medicine in a univer- 
sity-based department of Obstetrics and 
Gynecology. The position is supported by two 
full-time faculty members in the division of 
maternal-fetal medicine that provide a strong 


foundation in clinical care and regional out- ` 


reach. Deadline for appicakons is airs 
31, 1993. 


Send C. V: to: 


Search Committee 
c/o Millard Simmons, M.D. 
Chief, Division of Maternal-Fetal Medicine 
~ 4601 HSN 
West Virginia University School of Medicine 
Health Sciences Center 
Morgantown, West Virginia 26506-9186 
West Virginia University is an Equal Opportu- 
nity/Affirmative Action Institution. 


Women’s Health Care Of Tidewater 
-~ Obstetrics And Gynecology 


© 


Women’s Health Care of Tidewater, 


located in Norfolk, VA, is a well- estab- 


. lished, high volume OB/GYN practice 


which continues to grow rapidly. We 
are currently looking for a BE/BC OB/ 
GYN. physician to: join our practice. 
Specialty areas: include in-house 
LEEP, hysteroscopy, ultrasound, and 
ACR accredited mammography. The 
practice offers an excellent salary and 
benefit package and opportunities for 
partnership. Please respond to: 


Women’s Health. Care of Tidewater 


6160 Kempsville Circle, Suite 201A | 


Norfolk, VA 23502 
(804) 466-7100. 
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; Exceptional skills are born of exceptional training. And 


there are none better than skills gained on a live, preg- 


- nant patient: For the last decade, we’ ve emphasized not 


only the how of the science of ultrasound, but also the 
why behind each technique. 

We offer comprehensive training seminars in ab- 
dominal, vascular, obstetric/pelvic, and cardiac ultra- 
sound. And, for your convenience, our seminars are 
held in major.cities across the United States as well as 
at our modern new facility in the Dallas area. We offer 
a variety of two-, three-, and five-day programs at 
reasonable fees. Classes are roughly half theory and 
half intensive hands-on training. Class size is strictly 
limited,.and postconference support is free to our 
guests--forever. 

All of our seminars are SDMS-approved for CEUs. 
Call KMA 24 hours a dav for a free information kit that 
tells you about us and any of the twenty different 
seminars we conduct regularly. For exceptional ab- 


. dominal/obstetric/pelvic imaging, put your hand in 


our hands. Just call (214) 402-8250. 


. Hands-On Abdominal Imaging 
July 20-24, Sept 14-18, Nov 2-6, Dallas. 
‘Advanced Abdominal Imaging Interpretation 
July 24-25, Dallas. 
Advanced Obstetric/Pelvic Imaging Interpretation 
: July 31-August 1, Dallas. 
Hands-On Obstetric/Pelvic Imaging 

July 27-31, Sept 21-25, Nov 9-13, Dallas. 

= Hands-On Abdominal/Pelvic Doppler 
. July 27-29, Dallas. . 


i P p 600 E. Las Colinas Blvd. 
I2 Keith Mauney Ste. 250, Irving, TX 75039 
 & Associates, Inc. Phone: 214/402-8250 _ 


OBSTETRIC INTERNIST: 


The Department of Medicine at Women & Infants’ 
Hospital and Rhode Island Hospital seeks a physi- 
cian Board Certified/Board Eligible in :nternal med- 
icine with a research interest in medical complica- 
tions of pregnancy. Candidates must qualify for an 
appointment in the Department of Medicine at 
Brown University School of Medicine as an instruc- 
tor/Assistant Professor. The successful candidate 
is required to have demonstrated clinical experi- 
ence in medical consultation of obstetric patients 
and experience in conducting clinical research. 
The incumbent shall have demonstrated skills in 
teaching, as s/he will serve as a preceptor for fel- 
lows and housestaff in internal medisine and OB/ 
GYN, as well as medical students. The incumbent 
will conduct teaching/attending rounds on the inpa- 
tient and ambulatory medical consultation services 
at both Women & Infants’ Hospital and Rhode Is- 
land Hospital. Interested candidates should send 
a curriculum vitae by January 14th, 1993 to Karen 
A. Rosene, M.D., Search Committee Chairperson, 
Division of Obstetric & Consultative Medicine, 
Women & Infants’ Hospital, 101 Dudley Street, Pro- 
vidence, RI 02905. Screening of applicants will 
begin on that date and continue until the search 
is successful or terminated. Women & Infants’ Hos- 
pital is an Equal Opportunity/Affirmative Action em- 
ployer and actively solicit applications from pro- 
tected groups. 


Assistant Professor in Obstetrics and 
Gynecology (non-tenured research.) 
M.D. Board Certified/eligible in 
Obstetrics and Gynecology and Re- 
productive Endocrinology and Infertil- 
ity. Research training in Molecular 
Biology: RNA analysis, PCR technol- 
‘ogy, Nuclear run-on, Sequencing, 
Cloning. Knowledge and experience 
in human breast cancer research pre- 
ferred. Position is 75% to 90% re- 
search. Provide C.V., and bibliog- 
raphy to indicate research training/ex- 
perience. Provide the names of three 
referees, and a summary of proposed 
research and professional goals to: 


Dr. Evan R. Simpson 
Obstetrics and Gynecology 
Southwestern Medical Schoo! 
5323 Harry Hines Boulevard 


Dallas, Texas 75235-9051 


THE UNIVERSITY OF TEXAS 
SOUTHWESTERN MEDICAL CENTER AT DALLAS 
IS AN EQUAL OPPORTUNITY/AFFIRMATIVE ACTION EMPLOYER. 











The University of California, San Francisco, De- 
partment of Obstetrics, Gynecology, and Repro- 
ductive Sciences, is seeking a full-time obstetri- 
cian- gynecologist to be a member of the maternal- 
fetal medicine group and the Fetal Treatment 
Center at UCSF. Clinical responsibilities include 
intensive management of the mother and fetus un- 
dergoing endoscopic or open fetal surgery and par- 
ticipation in the maternal-fetal medicine clinical and 
academic programs. The individual would play a 
leading role in the Fetal Treatment Center at UCSF, 
a multidisciplinary group of perinatologist, sur- 
geons, reproductive geneticists, sonologists, 
neonatologists, anesthesiologists, ethicists, and 
basic scientists. A joint appointment in the Depart- 
ment of Surgery is ava‘table. 


Applicant should be capable of mounting an inde- 
pendent research program in any area of reproduc- 
tive medicine and demonstrate an aptitude and 
interest in teaching and clinical care. 


Academic rank will be commensurate with experi- 
ence and achievements. 


Please send curriculum vitae to: 


James D. Goldberg, M.D. 
Department of Obstetrics, Gynecology, | 
and Reproductive Sciences 
Box 0132 
University of California, San Francisco 
San Francisco, CA 94143 


UCSF is an Equal Opportunity/Affirmative Action Employ- 
er. Women and minorities are encouraged to apply. 


CHAIRPERSON 
Department of Obstetrics and Gynecology 
Wright State University School of Medicine 


Dayton, Ohio 

The Department of Obstetrics and Gynecology, Wright State 
University School of Medicire is seeking an academically and 
clinically experienced individual to become the Nicholas J. 
Thompson, M.D. Professor 3f Obstetrics and Gynecology and 
Departmental Chair. The appointee will be responsible for di- 
recting a well-established academic department with activities 
and opportunities in medical student education, a fully accre- 
dited residency training program and a wide range of research 
endeavor; and an active clinical department based at the largest 
teaching institution in Dayton. Clinical services include gynecol- 
ogy, obstetrics, perinatology, infertility, reproductive endoc- 
rinology and gynecologic oncology. 


Professional qualities include experience in administration with 
outstanding skills in human relations, academic Jeadership, an 
established clinical role, aptitude in community-hospital rela- 
tions, demonstrated role as a research facilitator, and exposure 
to civilian and military resid2nts. 


Candidates should qualify far faculty appointment at the As- 
sociate Professor or Professor level, be board certified in OB/G 
and be licensable to practce medicine in Ohio. Applicants 
should send curriculum vitae letter of interest and the name 
of three references to: Glenn C. Hamilton, M.D., Chair Advisory 
Search Committee for Chair, Department of Obstetrics and 
Gynecology, c/o Departmert of Emergency Medicine, Wright 
State University School of Medicine, Cox Institute, 3525 South- 
ern Bivd., Kettering, OH 45429. 


Applications will be considered until January 1, 1993, and 
thereafter until the position is filled. Wright State University is 
an Affirmative Action and Equal Opportunity Employer. 
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FACULTY & FELLOWSHIP 
POSITIONS AVAILABLE IMMEDIATELY 
Reproductive Endocrinologist 
Gynecologist/Obstetrician 
OB/GYN infectious Disease 
Gynecological Oncologist 
General Fellowship in Pelvic Surgery 


The Department of Gynecology and Obstetrics at the 
University of Kansas in Kansas City is expanding its 
full-time academic faculty from 12 positions to 15. 
Faculty applicants will participate in clinical practice 
activities and medical education in a 12 position. resi- 
dency program. Clinical and/or basic research oppor- 
tunities are available and encouraged. An opportunity 
for creative motivated individuals. Financial remuner- 
ation and incentives are commensurate with experi- 
ence, credentials and rank. BC or BE. Positions open 
until filled. Fellowship position, in the Gynecologic On- 
cology Division, is a 12 month program of post-resi- 
dency training in advanced pelvic surgery. Areas of 
interest are oncologic procedures, pelvic reconstruc- 
tion, incontinence surgery and pelviscopy. 

Please send Curriculum Vitae to: 


Sebastian Faro, M.D., Ph.D., Chairman 
Department of Gynecology and Obstetrics 
KUMC, 39th & Rainbow 
Kansas City, Kansas, 66103 
(913) 588-6200 


An Equal Opportunity/Affirmative Action Employer 





University of Maryland School of Medicine, 
Department of Ob/Gyn. Faculty positions 
available. MATERNAL-FETAL - Two full time 
openings are available. Must be board cer- 
tified or active candidate for certification in 
Ob/Gyn and Maternal-Fetal Medicine. Atleast 
one with considerable expertise in ultrasonog- 
raphy. Clinical care, research and teaching 
commitments are essential. Send replies to 
David Nagey, M.D., Ph. D. (address below). 
Vice Chairman of Administration for De- 
partment - Associate Professor or Professor. 
Tenure track must be board certified in Ob/ 
Gyn, plus certified in one subspecialty in Ob/ 
Gyn. Will be Associate Program Director for 
Residency in Ob/Gyn. Interests in research, 
teaching, clinical practice and primary care. 
Salary is dependent upon qualification and 
expertise. The University of Maryland at Bal- 
timore is an affirmative action/equal opportu- 
nity employer. M/F/H/V curriculum vitae and 
references needed. Committee will begin re- 
ceiving application immediately. Please send 
all replies to: 
Carlyle Crenshaw, Jr., M.D. 
Chairman of Ob/Gyn 
University of Maryland at Baltimore 
22 S. Greene Street 

Baltimore, Maryland 21201 








FACULTY OPENINGS 
IN 
OBSTETRICS & GYNECOLOGY 
FOR 
GENERALISTS 


Full time faculty positions at the University of 
South Alabama, Department of Obstetrics & 
Gynecology. Excellent opportunity for teach- 
ing, research and clinical service. Individuals 
must be board eligible or certified in Speciaity. 
The academic rank and salary will be depen- 
dent upon the training and experience of the 
applicant. These positions are available im- 
mediately. 


Please contact: 


lan H. Thorneycroft, Ph.D., M.D. 
Professor and Chairman 
Department of Ob-Gyn 

University of South Alabama 
College of Medicine 
2451 Fillingim Street 

Mobile, Alabama 36617 
(205) 470-5815 


University of South Alabama 
is an Equal Opportunity Employer 


* Resident and Student Education 
E * Basic and/or Clinical Research 


SSE Board Certified or Active Candidate for Certification 
loubon Vitae Surda be sent to: 

Frank W. Ling, MLD. 
Associate Professor and Director 
Division of Gynecology ie 
Department of Obstetrics & Gynecology & 
University of Tennessee, Memphis $ 
853 Jelferson Avenue, Room E-102 ° 
Memphis, Tennessee 38103 
901-5774775 
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Explore a Career 
in Northern California 


= The Permanente — 
Medical Group, Inc. 


Physician Recruitment Services 
1814 Franklin, 4th FL, Dept. 19 
Oakland, CA 94612 
(800) 777-4912 

(510) 987-4949 
EOE 





OBSTETRICIAN/GYNECOLOGIST 


Rochester General Hospital, a'526 bed major 
university’ affiliated hospital in upstate New 
York, has practice opportunities for Ob/Gyn 
BE or BC. We are recruiting physicians for 
-several hospital related practices. State-of-the- 


art facilities and soon to be ‘renovated 
Obstetrical Suite, Birth Rooms, and Birth ` 


Center. Rochester General Hospital is a 
‘physician friendly hospital with a sound fiscal 
base. Located near lakes, ski areas, hiking, as 
well as art museums, concert halls, theaters. 


Please call or send resume to: 


“Phyllis í C. Leppert, MD, PhD 
Chief of Ob/Gyn : 
Rochester General Hospital © 
1425 Portland Avenue - 
Rochester, NY 14621 _ 
(716) 336-3784 - 
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| School of Medicine | 


s Chicagoland Area 


.. Several outstanding . 
wee OB/GYN opportunities 
<- ,available for BC/BE, OB/GYN physicians’ 
. - to join well-established practitioners, each 
currently delivering 250+ babies 
annually in midwest community, with 
service area of 260,000, approximately - 
45 minutes from the Chicago Loop. | 
Affiliated hospital has a Level II nursery 
delivering in excess of 1,800 babies annually. 
Competitive financial packages, including 
', relocation, with firm coverage. 
Send CV in confidence to: 
Liz Schwenke, Director, 
Physician Support Services — 
Silver Cross Hospital 
1200 Maple Road 
Joliet, Illinois 60432 
(815) 740-7093 - 
(815) 740-7925 (FAX) 
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Full Time Faculty Positions 
Available at Temple University f 







Department of Obstetrics, Gynecology and ` 
Reproductive Sciences 


* MATERNAL FETAL MEDICINE 
| «GYNECOLOGIC ONCOLOGY ` j 
e GENERAL OBSTETRICS, GYNECOLOGY, 
AND INFECTIOUS DISEASE e 
e REPRODUCTIVE ENDOCRINOLOGY ` 
AND INFERTILITY 


The Department of Obstetrics, E E mi Reproductive ` 
Sciences at Temple University is seeking Board Certified or 
Board Eligible Obstetrician/Gynecologists. Clinical and 
acadeinic activities are in a department providing tertiary 
services. Temple University Hospital houses a modern Fetal 
.. Center, a large Neonatal Intensive Care. Unit and a dedicated 
Gynecology Unit. In addition, state-of-the-art research facili- 
ties are available within the department and collaborative 
opportunities within the University. 
Candidates should have an active interest in Research, Clinical 
Practice and Resident and Medical Student Education. Salary 
and academic rank conimensurate with experience. Qualified 
individuals should submit CV to: Dr. E. Albert Reece, _ 
Chairman, Temple University School of Medicine, ` 
Department of OB/GYN/RS, Broad and Ontario Streets, 
Philadelphia, PA 19140. > . i 


Temple University. j is an equal apportunity/ 
affirmative action employer. 


Choose 


T EMPLE_ 
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PENNSYLVANIA HOSPITAL 
: DEPARTMENT OF. OBSTETRICS 
AND GYNECOLOGY 


The Department of Obstetrics’ and. Gynecology at Pennsylvania 
Hospital, a clinical -affiliate of the University of Pennsylvania . 


School of Medicine, is seeking applicants for a Clinical Director. 


The successful applicant will assume Medical Directorship of `. -- : oS 
the Women and Children’s Health Service (WCHS) and will’: fh. 


share the teaching responsibilities of residents, medical stu- 
dents and nurse practitioners with the.full time faculty. The 
Medical Director of WCHS will work closely with the Residency 
Director and Chairman of the department to facilitate the man- 
agement of clinical: services in Obstetrics and Gynecology. 


The chosen applicant will be part of a hospital based group 
OB/GYN practice with subspecialties in Perinatology, reproduc- 
tive endocrinology, and urogynecology. A full GYN Oncology 
service is active at the hospital and ‘participates in resident 
education and clinic coverage as well. Pennsylvania Hospital 


is a 485 bed tertiary hospital in the heart of historic Society | 


Hill, located in Center City, Philadelphia. Annually, there are 
over 4,500 deliveries at Pennsylvania Hospital, of which 25% 
are from WCHS. WCHS sees over 20,000 out patient visits per 
year and is fully staffed by nurses, social workers, drug and 
alcohol counselors, nutritionists and business personnel. 
Please submit CV and letter of intent to: 


MARK B. WOODLAND, M.D. > 
RESIDENCY DIRECTOR/MEDICAL DIRECTOR 
WOMEN AND CHILDREN'S HEALTH SERVICES 
800 SPRUCE STREET 
PHILADELPHIA, PA 19107. 


For more information, please- contact John Rubinsohn, Ad- 
ministrator for Women and ehidren: s Health Services at (215) 
829-3880. 


CENTRAL FLORIDA 


OBSTETRICIANS/GYNECOLOGIST 


Seeking board- -eligible/certified OB/GYN 
Physician to jain two doctor private prac- 
tice. Diverse Population offers opportu- 
“nity: to practice full gamut of OB/GYN 
needs. Facilities are located in a desirable 
Central Florida Community, with excellent 
recreational and cultural activities. Close 
proximity to Orlando area and Walt Dis- 
ney World. Guaranteed salary first year, 
leading to full partnership. Attractive ben- 
efits include malpractice coverage, health 
insurance, profit sharing pian, ect. Ideal 
position ` with, prestigious local group. 
Please Send CV To: 


Obstetrics & Gynecology Associates PA 
610 Oak Commons Blvd... 
_-Kissimmee, FL 34741 


Attn: -Ed Rasmussen 
Business Manager- 
(407) 846-7200 








| | a Fellowship in General 
= „Obstetrics and Gynecology 


A’ two-year. interdisciplinary, clinically oriented 
program designed to prepare the physician to a) 
practice and teach general Ob/Gyn as an expert 
and be a role model to physicians in training and to 
others in practice, b) assume a productive role in 
an academic department of obstetrics . and 
gynecology . in ‘education, research and 
administration, ¢) expand the role of an academic 


department of Ob/Gyn with the community in the 
varied psychosocial aspects of medicine and, d) 


develop an area of expertise in which to pursue 
meaningful clinical research. 


The fellowship includes required courses in Health 


Economics, Management and Organization, 
Epidemiology, Statistics, Medical Sociology, Field 
Research Methods, in addition to meaningful 
clinical practice assignments. Course work may be 
applied toward an MPH. ~ 


i Faculty : 
Phyllis Leppert, MD, PhD Charles E. Phelps, PhD 
Fred M. Howard, MD _ David Olds, PhD 
Joseph M. Plukas, MD Nancy Bennett, MD 
Reinaldo Sanchez, MD . Ed Black, MD 
Jacquelyn Howitt, MD Alvin Witter, MD 
Shiu Yeh Yu, PhD | Elena Andresen, PhD 
Henry A. Thiede, MD. . Paul Griner, MD 
Sally Tafton, Esq. Martin Tanner, PhD 


and others - 


Rochester General Hospital 
Department of Obstetrics and Gynecology 


_ University of Rochester 


a of Community and Preventive Medicine 


l | Apian now accepted { for July 1993 and 1994. . 


For further information write to: 


Phyllis C. Leppert, MD, PhD 
` Rochester General Hospital 
‘Department of Ob/Gyn ` 

1425 Portland Avenue 

rE Rochester, NY 14621. 
» - (716) 336-3784 


| Equal Opportunity Employer 
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-clinical practice’ and research. a CV ` 


OBSTETRICS AND GYNECOLOGY 


. MARSHALL UNIVERSITY © 
SCHOOL OF MEDICINE ~ 


One or more faculty positions. available 


in general ob/gyn and endocrine infertility. ` 


Successful applicants: should hold an 
M.D./D.Q: degree and be board certified/ 
board. eligible. Responsibilities include: 
medical student and resident 2ducation, 


to: ° 


Robert Nerhood, M.D. | 
`- Chair, Obstetrics and Gynecology 
Marshall University School of Medicine 
1801 6th Avenue 
Huntington, WV 25755 


Position(s) will remain open until filled. 


Marshall University i is an Equal Opportu- 
nity/Affirmative Action Employer; Women 


and minorities are encouraged to apply. 


MEDIGROUP CENTRAL, a mid-size staff 
model HMO and subsidiary of Blue Cross 
and Blue Shield, located in central New 


_ Jersey, is seeking 


OB/GYN PHYSICIAN 


_. Convenient to both Philadelphia and New 


York, MEDIGROUP CENTRAL offers an 
excellent salary and full range of company 
paid benefits. If you are interested in pro- 
viding primary care services in a man- 
aged care environment, please submit 
your CV or telephone: Dr. re 


| Herschberg, Medical Director. | 
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EDIGROUP 


Central HMO _ 
a ANG Bellevue. Avenue - 


-, ‘Trenton, New Jersey 08618. 
(609) 396-4600 | 


arn affiliate of 
` "Hy gem aT 
: Ab te 


i MOUNT SINAI HOSPITAL MEDICAL DENTER 


CHICAGO, ILLINOIS 


. ` DEPARTMENT OF OBSTETRICS 
"AND GYNECOLOGY 
"the CHICAGO MEDICAL SCHOOL 


As part of a major expansion, of our clinical and 
academic mission, the Department is seeking full- 


time faculty at the ASSISTA ASSON professor 


level in: 


1) Maternal- Fetal Medicine l 
2) Reproductive Endocrinology 
3) Gynecologic Oncology 


Mount Sinai is a full service tertiary care facility — 
with State designated Level Ill nursery. Excellent 
opportunities exist for individuals interested in 
teaching, clinical care, and research. Salary will 
be commensurate with training and experience. 
Interested individuals should send C.V. to: . 


Robert. Stepto, M.D., Ph.D. 
Professor end Chariman 
Department of Obstetrics and Gynecology 
Room F208 
Mount Sinai Hospital Medical Center . 
California Averiue at 15th Street 

_ Chicago, Illinois 60608 


| An Equal Opportunity/Affirmative Action Employer 


PENNSYLVANIA HOSPITAL 
DEPARTMENT OF OB/GYN 
The Department of OB/GYN at Pennsylvania 
Hospital, a clinical affiliate of the University of. 
Pennsylvania, Schocl of Medicine, is seeking — 
applicants for a generalist in OB/GYN for 7/93. 


-The chosen applicani will be part of a hospital-, 


based group OB/GYN practice with sub- 
specialties in perinatology, reproductive en- 
docrinology; and urogynecology, and will 
share in the teaching responsibilities of resi- 
dents and medical students. Pennsylvania- 
Hospital is a 485 bed tertiary hospital in the 
heart of the Society Hill section of Center City 
Philadelphia, with over 4,500 deliveries annu- - 
ally, a level Ill nursery and active IVF/GIFT 
and gynecologic oncology programs. Please 
submit C.V. and letter of intent to: 

=- .Cynthia.M. Gray _ 

i Administrator 

Pine OB/GYN Associates P.C. 
.800: Spruce Street 
Philadelphia, Pennsylvania 19107 

For more information, please call Cynthia 
Gray at 215-829-3025 ` 
Pine OB/GYN. Associates is an AA/EEO Employer. 





- 


q> 


CALIFORNIA 


San Francisco-Oakland Bay Area 


Join progressive and well respected 
clinic in desirable Northern California lo- 
cation. Benefit from top-notch hospital 
facilities including LEVEL I! Nursery and 
all up-to-date equipment. Continue to 
develop OB/GYN practice with estab- 
lished female practitioner in a diverse pa- 
tient setting. Excellent quality of life, four- 
day workweek and limited call. $100,000- 
124,000 first year income potential, paid 
malpractice insurance, including all fringe 
benefits. For more information call: 


Patricia Roybal 
Personnel Manager 
510-534-0078 ext. 230 


or Send CV to: 


La Clinica de la Raza 
1515 Fruitvale Avenue 
Oakland, CA 94601 


The Department of OB/GYN of Lehigh Valley Hospital, an 830- 
bed tertiary care teaching hospital, is seeking additional full- 
time senior and junior clinical faculty in all subspecialties 
including reproductive endocrinology, gynecologic oncology, 
urogynecology, adolescent gynecology and maternal-fetal 
medicine. Also seeking a Chief of Women's Healthcare 
Program. The physicians’ roles will include consultative patient 
care, medical leadership, program development, student and 
resident education and research as desired. The opportunity 
exists to customize the role to your particular career goals. 


- Candidates should be board certified or active candidates for 


certification in their subspecialty. 


Lehigh Valley Hospital is a regional referral medical center 
which serves as a clinical campus of Hahnemann University 
for student education and maintains a free-standing, fully- 
accredited OB/GYN residency program. 


Allentown, Pennsylvania is a cosmopolitan city, 60 miles north 
of Philadelphia and 80 miles west of New York City. The area 
has excellent school systems, nine coileges and universities 
and diverse cultural offerings.. An excellent compensation 
package has been designed to recruit qualified candidates. 
Please send c.v. to: 

Carol Voorhees . 

Vice President 

Lehigh Valley Hospital 


LEH VALLEY” 1243S. Cedar Crest Biva. 
Suite 3120 


Allentown, PA 18103 
HOSPITAL or call (215) 402-3090 


Equal Opportunity Employer 











HAMAD MEDICAL CORPORATION 


Doha, Qatar 


The HMC is a Government body responsible for the pro- 
vision of health care services for the 387,000 population 
of the State of Qatar. It manages 3 major hospitals, equip- 
ped with modern diagnosis & therapeutic facilities with 
a total of 1,100 beds and is now seeking four qualified 
applicants for the following vacant positions: 


HEAD OF NEONATOLOGY SERVICE 
CONSULTANT PEDIATRIC NEUROLOGIST 
CONSULTANT PEDIATRIC PULMONOLOGIST 
CONSULTANT PEDIATRIC REHABILITATIONIST 
Interested candidates for the post of Head of Neonatology 
Service should have 13 years experience after obtaining 
a recognized certificate of specialization. Those applying 
for the Consultant positions should have eight years ex- 
perience after graduation with at least three years experi- 
ence after graduation with at least seven years experi- 
ence after obtaining a recognized certificate of specializa- 

tion. 
HMC will provide the successful candidates with competi- 
tive & tax-free salaries along with attractive benefits, ie., 
free furnished accommodation, 50 days paid annual 
leave, air passage for oneself & four dependents, School 
allowance for schooling children & professional allow- 
ance (10% of the basic). 
Interested candidates should please send-in their appli- 
cation to: 
Attn.: Head of Recruitment Section 
Personnel Department 
(Ref. #-AD/JP-V-91 1/92) 
Hamad Medical Corporation 
P.O. Box 3050 

Doha; Qatar 


































Obstetrics/ 
Gynecology 


The joining of two proud traditions in Chicago means 
you can now practice medicine the way you've al- 
ways wanted. 


Benefit from the combined strengths of MICHAEL 
REESE'S century-long history of providing the highest 
quality care and services and HUMANA‘S expanding 
national organizational expertise and fiscal/manage- 
ment resources. 


You'll practice in the collegial environment of a multi- 
specialty group setting with continuous access to 
premier teaching and research opportunities and in- 
novative medical technologies. 

Our growing network of 22 health centers and 

17 affiliated hospitals, conveniently located through- 
out the metropolitan area, offers you the flexibility to 
choose a schedule that accommodates your 
professional and lifestyle needs at an income level 
you set. 


Create your own future by joining ours. Contact: 


Fred M. Volkman, M.D., Medical Affairs 
HUMANA-MICHAEL REESE HMO 

2545 King Drive ` 

Chicago 60616 


or call 312.808.4551 
Humana-Michael Reese HMO 


an equal opportunity employer m/f/h 
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OB- GYN Physicians 


Large multispecialty: groupis seeking to- 


add BC/BE Obstetrician-Gynecologists to 
its current staff of five. Department: is ac- 
tive in donor and husband insemination. 


Opportunity to develop in Vitro and Gift 


Programs available.: 


f 


Fargo Clinic MeritCare i iS located next to 
_ St. Luke’s Hospitals, a 400 bed tertiary. 


care & trauma center. St. Luke's is a 


NACHRI designated Children’s Hospital — 


with a level Ill] ICN staffed with four BC 
Neonatologists.. | 


Fargo, ND, and its sister city of Moorhead, 


- MN, is atri-college community of 130,000. 


Exceptional opportunities for cultural, rec- 
reational, sporting or hunting . activities 
available year around. 


Competitive compensatory package. Re- 
spond to Kathleen, McKittrick Toft, Direc- 
tor, Physician Recruitment, 737 Broad- 
- way, Fargo, ND 58123 or call 1 -800- 437- 
4010 Ext. 2151. 


The George ` ashnan T Depart- 
ment of Obstetrics and Gynecology is recruiting 
a full-time Obstetrician-Gynecologist. 
Responsibilities of this position include ambulat- 


ory and inpatient case management, participa- 


tion in.teaching activities at the graduate and 
undergraduate levels, development and/or par- 


og ticipation in research activities; and.involvement 


in University and Hospital Committees. Special 
expertise in intra-abdominal. laser and pelvis- 
=- copy desirable. . | 


- Candidates should be board ceertified or an ac~ ` 


tive’ candidate in ‘General Otstetrics and 


Gynecology. The successful candidate will re- 


ceive an academic appointment commensurate 
` with experience. TURRI fringe benefits pack- 
age. 
Send CV to: 
John W. Larsen, M. D. 

Department of Obstetrics and Gynecology 
George. Washington University Medical Center 

- 2150 Pennsylvania Avenue, NW - 

<- Washington, DC 20037. | 

Review of applications will begin November 1, 


`- 1992 and continue until the position is filled. The: 
George Washington University is an Equal ‘Op- ` 


portunity/Affirmative Action Employer. 


FACULTY POSITIONS 


' MATERNAL/FETAL MEDICINE, 
SUBSPECIALIST 
| REPRODUCTIVE ENDOCRINOLOGIST ; 


B The James H. Quillen R of Medicine of Fast Ten- 


nessee: State University oifers an excellent opportunity 
to physicians of these specialties who are Board-Certified 
or Board Eligible. This opportunity. offers both tangible 


- “and intangible benefits sometimes not found in larger 
cities. Our emphasis is on excellence in service to pa- 


tients, education, and research. These faculty positions, 


‘ both tenure-track and grant-supported, are-at open rank - 


and offer very competitive salaries and excellent fringe 
benefits. The Gynecologic Oncologist position is funded 
by an outside.source. The Tri-Cities area boasts of good 
. schools and suburban living in beautiful Northeast Ten- 
nessee with easy access to various cultural activities. 
Our outdoor. sports include all water sports, snow skiing, 
the Appalachian Trail; and numerous. scenic attractions. 
Our medical referral base consists of 1.3 million people 


= within a 50 mile radius. Send curriculum vitae to: 


‘Frederick R. Jelovsek, M.D. - 


: Professor and Chairman, 


Dept. of OB/GYN 
James H. Quillen 
_College of Medicine 
East Tennessee State Un versity 
Box 70, 569 ; East Tennessee State University 
Johnson City, TN 37614- C569 


ETSU | is an AAJEO Hag 


[HEALTH CARE CENTERS| 


A Member ot The Detroit Medical Centex 


7 -OB/GYN 3 
PRACTICE OPPORTUNITY 


' Suburban Detroit multi-specialty group practice 


comprised of over 100 physicians is currently seek- 
ing two board certified TAYN s to jon our prac- 
tice. 


The group offers the op2ortunity to practice quality 
medicine in a multi-specialty setting backed by the 
outstanding resources of seven leading hospitals 
of the Detroit Medical Center and the Academic 


‘Health Center of Wayne State University. 


Our practice sites are located in some of the fastest 
growing affluent communities in Oakland County, 
offering an excellent balance between fee-for-ser- 


. vice and managed care patients. 


A competitive income guarantee, sign-on bonus 
and outstanding benefts package including mal- 
practice insurance is available. 


For more information on this excellent opportunity 
please send: or fax CV to Marjorie Yedlin, DMC 
Health Care Centers, 41935 W. 12 Mile Rd., Novi, 
Michigan 4897 779901; (313) 347-8202, fax: (313) 





` 347-8209. 


OBSTETRICIAN/GYNECOLOGIST 


Rapidly growing independent multi- - 
specialty group with a large referral ` 
base seeks BC/BE OB-GYN to estab- 


- lish and expand a presence in the 


group. Very competitive benefits fol- 
lowed by an opportunity for equity 


« ownership. Excellent schools and.di- 


verse recreational and cultural 
amenities.. Send Curriculum Vitae’ in 
complete. confidence to: 


=< John Storm _ 
51 North 12th Street 
Kansas City, KS 66102 
(913) 281-7775 
FAX (913) 281-8494 


EIBRONSON 
OBSTETRICIAN-GYNECOLOGIST 
Kalamazoo, Michigan 


An excellent practice opportunity. is. available for a: 


BE/BC OB/GYN to join a well-established, ` 
progressive private practice group of 3 OB/Gyns and 
2 Gyns. Competitive salary is being offered as well as 
paid malpractice, moving expenses, health, life and 
disability insurance with eligibility for partnership 


- after 1 year. ` 


Bronson Methodist Hospital, a 442-bed hospital and 
regional Perinatal Center for southwestern Michigan, 
has a 500 member medical staff which includes 30 
obstetrician/gynecologists, 6 neonatologists and 4 
perinatologists. An average -of 3,600 deliveries are. 
performed annually at Bronson Hospital: 


Kalamazoo, located midway between Chicago and 
Detroit, offers diverse cultural opportunities. Lake. 
Michigan’s sandy beaches and dunes are only 
minutes away and numerous lakes, hills, and forests 
provide boundless recreational activities. Excellent 


_ schools, several colleges, and a major university 


further contribute to a high quality life style. 


For more information, ` Debra C. Hartman _ 
in confidence, respond Bronsón Methodist Hospital’ 
with curriculum vitae 252 E. Lovell Street. 
or call: : Kalamazoo, MI 49007. : 
(800) 594-9022 
or (616) 341-6331 





OBSTETRICIANS AND GYNECOLOGISTS 


Illinois .; i 


: OB/GYN Physicians needed to join Carle Clinic 


Association,.a 245 physician, multi-specialty group 
practice in central [llinois-with opportunities at the 
main campus as well as three additional sites - 
Urbana, ‘Bloomington, Danville and 
Mattoon/Charleston. These communities offer 
recreational, cultural and educational amenities. . 
Benefit package includes a competitive salary with 
partnership and income sharing plan after two 
years, professional liability insurance, health, life 
and disability insurance and generous vacation and 
meeting time. Contact: Saas 
: ‘ Robert C. Parker, Jr., MD 
=,” Medical Director 
_ Carle Clinic Association 
602 W. University, Urbana, Illinois 61801 
Phone 217-383-3399 - Fax 217-383-3163 


aot 


‘Department of Obstetrics and Gynecology 


Dartmouth-Hitchcock Medical Center 


The Dartmouth-Hitchcock Medical Center is seeking a chai dha 
for the newly created Department of Obstetrics and Gynecology. 
This position is the result of the separation of Pediatrics and 
Obstetrics and Gynecology from what was the Department of 
Maternal and Chéd Health. The successful candidate should have 
the experience and qualifications necessary to lead the oopan: 
ment in its clinical, educational and academic endeavors. In 
addition, the delivery of health care to the northern New England ` 
region is a priority of the Center and continued integration and 
expansion of the established health care network as it relates to 
women's health issues will be an important component of the 
Department's activities. 


The Dartmouth-Hitchcock Medical Center, which is now one year 


_Old, is located on a 200 acre campus, two miles from Dartmouth 


College, and is a central institution for tertiary care in 


` northern New England. 


The Dartmouth-Hitchcock Medical Center is committed to 
Affirmative Action and is especially interested in identifying 


- qualified female or minority candidates. 


Interested persons should send their curriculum vitae to: 

D. David Glass, M.D., Chair, 0b/Gyn Search Committee, 
Department of Anesthesiology, Dartmouth-Hitchcock Medical 
Center, Lebanon, New Hampshire 03756. 


a Ji - Dartmouth-Hitchcock 
| fhas. Medical Center 


_ The Hitchcock Clinic 
g Lebanon, New Hampshire 
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. The. George Washington University, Depart- . 
ment of Obstetrics and Gynecology is recruiting 

-a full-time Perinatologist with expertise in ul- 
trasound. 

Responsibilities of this position include ambulat- 
.. ory and inpatient case management, participa- 
‘tion in teaching activities at the graduate and - 

undergraduate levels, development and/or par- ` 

ticipation in research activities; and invoivement 
in University and Hospital Committees. The De- 
partment offers sophisticated ultrasonographic 
facilities and doppler technologies for fetal blood 

‘flow assessment. 

Candidates should be board certified or an ac- 

tive candidate in Obstetrics and Gynecology and 

Maternal Fetal Medicine. Academic appoint- 

ment and rank will be commensurate with level 

of training and certification. Superb fringe bene- 
fits package. 

Send CV to: i 

B John W. Larsen, M.D. 
Department of Obstetrics and Gynecology 

George Washington University Medical Center 

2150 Pennsylvania Avenue, NW 
Washington, DC 20037 

Review of applications will begin November 1, 

1992 and continue until the position is filled. The 

George Washington University is an Equal Op- 

portunity/Affirmative Action Employer. : 


NA Mosby | 
Year Book 
Provide vital information 

to those who need it most... 

with article reprints from 


` Mosby-Year Book periodicals 


Article reprints are your best means of distributing the 

: Information published in Mosby-Year Book's medical, dental, 
and nursing periodicals. These papers will enhance the value 

-of your information programs. , 








Not just for authors, reprints are an effective tool for health 
i care’ professionals, sales and marketing staffs, and advertisers. 


Use reprints to: 
e Train and educate your sales and merketing staff 
e Support your seminar topic 
e Inform your health care staff of new developments 
e Reach your product users with vital information 


Article reprints. ..another valuabie service from 
Mosby-~Year Book. 


Orders (minimum of 100 copies) of all previous and future 
articles in Mosby-Year Book periodicals a are avallable from 
the Publisher. 


For more Information, sonieak 


Mosby-~Year Book, Inc. (314) &72-8370 
Atin: Journal Reprint Dept. In the U.S., call foll-free: 
41830 Wesiline industrial Dr. 1-800-325-4177 

Fax: 314-432-4380 


St. Louis, MO 63446 U.S.A. 
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| NA Mosby 


CURRENT PROBLEMS IN 
OBSTETRICS, GYNECOLOGY 
AND FERTILITY 


Editor-in- 1-Chief Rotert L. Barbieri, MD 
| “State University of 
New York at Stony Brook 


Current Problems in Obstetrics, Gynecology and 
Fertility brings you the authoritative, Practical 
_ information you need to stay current in your specialty. 


‘© Each bimonthly issue focuses on a specific clinical 
problem you see in your practice or on a subject area 
in which important clinical and research information 
is being generated. 


e You get a complete analysis of topics such as: 
preconceptual counseling, infertility, endocrine 

- problems, high-risk cbstetrics, ovarian and uterine 
cancer screening, sexually transmitted diseases, 
pediatric and adolescent gynecology, and more. 


¢ Authors are selected for their expertise; you'll benefit | 
from their balanced perspective on the topic and 
their wealth of clinical experience. 


e Each article is extensively referenced, saving you 
_ hours of library research. 


| Yes! Please sieri my subscription to Current Problemsin |; 
| Obstetrics, Gynecology and Fertility (6 issues per year). 


1992 Rates U.S.A. Canadat  International* 
(J Individuals $65.00 $75.00 $85.00 
CJ Students, residents 39.00 47.18 59.00 
U institutions 90.00 101.75 410.00 


t Includes Canadian GST. 


| 
cal 
| 
| 
| . ane as ee and India. Contact Publisher for rate and 
| 
| 
| 


Individual and student/ resident subscriptions must be in the 
name of, billed to, and paid for by the individual. Please allow 
6-8 weeks for receipt of first issue in U.S. Price of international 
_ subscriptions includes surface-mail postage. 


| a Send me a custom binder for $20.00. (Holds 12 issues.) 


Method of Payment (please check one) 
We'll send an extra issue free if payment accompanies your order! ` 


| CJ check (U.S: funds, payable to Current Problems in Obstetrics, 
| i Gynecology and Fertility) 


| C] Mastercard © L Mcimermationd C visa L.Bu me 


| Credit card # m CE Xp, date 
| Signature 


| Name 
| Institution 


ZIP 





| City . ae hs Saree OLAS 
Country WT Specialty 


. For faster service, phone: 
(314) 4534351 

In the U.S., call toll-free: 
1-800-325-4177, ext. 4351 ` 
Fax: (314) 432-1158 © 


| Return to: 
Mosby-Year Book, Inc. 
Journal Subscription Services 

| 11830 Westline Industrial Drive 
St. Louis, MO 63146 U. S.A. 
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New CME Course Announcement 


| COMPREHENSIVE 
GYNECOLOGY 
1993 


THE GRAND HYATT NEW YORK 
Park Avenue and Grand Central 
April 18-20, 1993 


A practical review and update on new developments 
in the practice of gynecology. 





Course Directors: 


William Droegemueller, MD. 
University of North Carolina, Chapel Hill. 


| ae | Arthur L. Herbst, MD | 
| University of Chicago 


: © Damiel R. Mishell, Jr, MD 
| University of Southern California 


Morton A. Stenchever, MD 
o University of Washington 


For Information Call: 1-800-231-0389 
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. P.S. Reserve your FREE issue today! 





Your First Issue Free! 


KEY Obstetrics and Gynecology is your quarterly. guide to the 
- ob/gyn literature. It positions you at the top of your field as it 


delivers timely information on clinical advances and scientific 
research as reported in hundreds of medica] aaa 
worldwide. 


Get your first issue of this world-class abstract and 
commentary journal FREE. There’s no risk. You can cancel at 
any time and get a full refund on undelivered issues. No 
matter what you decide, the first issue -s yours to koop. Let 
KEY Obstetrics and Gynecology bring you... ; 


e Abstracts of journal articles on the letest clinical _ 
developments. 

e Insightful and expert editorial commentary ¢ on the articles. 

e Selected illustrations and tables from the original articles. 





ka Santis a AA D A 
averse A Sonne thine 
Sheed Cote? all 
iene sore a re SA meee tw 
$ Ou Cap cent Henne Cee 
Wlah F aanere he areal acted 


EQN Tete 


Sw aaa “aunts Wk eet oom ed 


Editors: 
Deniel R. Mishell, Jr., MD 


Thomas H. Kirschbaum, MD 


C. Paul Morrow, MD 


e Complete reference citations, enabling you to delve further into topics of interest, 


- Regular annual U.S, subscription rate: 569.00 
` Free Issue offer: 5 issues for the price of 4! 


Single issue: $25.00 © 


Receive A Free Issue! | 


' Dear Doctor: 


In only two easy steps, you can receive a FREE issue of KEY Obstetrics and å Gynevolagy — 


1. Complete your name and address below. 
2. Call Toll-Free 1-800-325-4177, ext. 4351- 


s OR = 
Clip out and send this coupon to: - 
Journal] Circulation. 
Mosby-Year Book, Inc. 
11830 Westline Industrial Dr. 
P.O. Box 46908 
- St. Louis, MO 63146-9834 


3 


It’s that simple. We’ll give you your 
first issue FREE! Get over a year’s 
worth of the KEY with this special 
limited-time offer — five issues for the 
price of four! 


2 


If you don’t agree that your aaie l Op Code 
benefits from KEY Obstetrics and 

Gynecology, just write CANCEL on the 
invoice and return it. The first issue is 
yours to kéep — FREE of cost or 


obligation. . subscribe. 


. want to receive a FREE issue of KEY Obstetrics and 
Gynecology (KOB). I have completed the box above so 
you may start my subscription today. I understand I will 
pay only $69.00 for the remaining 4 issues if I continue to 


- perhaps the most respected abstract and commentary journal in clinical obstetrics and 
: gynecology! 


Free examination privileges reserved for: 


State —————— 


MCA-206 





A pregnant patient with a medical 
disorder poses a unique and special 
challenge. You need to understand 
her disease and how it affects her 

pregnancy. You also need to recog- 
nize the physiologic signs of a 
normal gestation in order to best 
treat her overall condition. 


In this premier volume of Current Obstetric 
edicine, international ‘authorities discuss recent 
velopments in obstetric medicine, summarizing 
rtinent findings and trends from the literature 
iblished within the last two years. They also add their 
yn critical commentary, providing new perspectives 
ithe problems you face. Concentrating on emerging 
2atments and insights, the authorities focus on how 
ese innovations affect your patients and your practice. 


voume 1 


o m 


iis combination of the latest research and expert . 


terpretation makes Current Obstetric Medicine, 
nume 1 a vital clinical reference. 


You'll get a multidisciplinary perspective ofr new 
agnostic techniques and therapies, such as 
ee counseling and management of asthma, 
eae 7 l ; 

initis, and anaphylaxis during pregnancy. A wide 


ectrum of conditions and problems are covered, 


cluding renal disease, postpartum thyroiditis, 
abetes, and accidents. And each issue in Current 
bstetric Medicine is discussed in terms ofits clinical 
smificance—so youcanstart applying the best available 
eatments to your patients’ care immediately. 


In the Pregnant Patient 
n 
- Medical Disorder equation, 


where do you fit in? 


To review this outstanding resource free for 
30 days, simply mail the Free Examination 


. Certificate below or call Toll-Free 1-800-426- 


4545 (To speed your order, mention code "MCA- 
029"). If you aren't completely satisfied with its 
scope of information and insight, just send it back 
and owe nothing. It’s an easy way to place 

yourself in the patient care equation. : 


| ) zy 
FREE EXAMINATION CERTIFICATE. 


Please send me Current Obstetric Medicine, 
Volume 1 (21178). I understand that I will pay 
$59.95* plus shipping and handling if I decide to keep 


s . 
. 
. 
cc ce canna p aia hein pp 
. 


the book. * Resident price $40 
NAME 
ADDRESS 
CITY/STATE/ZIP TELEPHONE 

| wr Mosby 

Year Book 
Pat Newman 
11830 Westline Industrial Drive 
| : St. Louis, MO 63146 meee | 


When you purchase, we'll send you an automatic notice of future volumes about two months before they publish. This 
system was designed for your convenience and to take up as little of yonr time as possible, If you do not want the Current, 
the advance notice makes it easy for you to let us know. And if you elect to receive the new Current, you need do nothing. 
We will send it on publication. No worry. No wasted motion. And, of course, every Current is yours to examine free of 
charge | for 36 days. 
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40 may outweigh the possible risks. Of course, older women, as all women who take oral contraceptives, should 


cr S ling take an oral contraceptive which contains the least amount of estrogen and progestogen that is compatible with alow 
RTHO RTHO ~ failure rate and individual patient needs. 3. CARCINOMA OF THE R PRODUCTIVE ORGANS. Numerous epidemiolog- 
ical studies have been performed on the incidence of breast, endometrial, ovarian, and cervical cancer in women 


e * using oral contraceptives. While there are conflicting reports, most studies suggest that use of oral contraceptives is 

YC LE] \ ii YCLEN. not associated with an overall increase in the risk of developing breast cancer. Some studies have reported an 

: à on > : were: increased relative risk of developing breast cancer, particularly at a younger age. This increased relative risk appears 

(No estimate/ethiny| estradiol) Mmo estimate/ethi n | estradio) to be related to duration of use. Some studies suggest that oral contraceptive use has been associated with an 
rg 2 y increase in the risk of cervical intraepithelial neoplasia in some populations of women. However, there continues to be 
controversy about the extent to which such findings may be due to differences in sexual behavior and other factors. 

ORTHO-CYCLEN: Each blue tablet contains 0.250 mg norgestimate and 0.035 mg ethinyl estradiol. 4. HEPATIC NEOPLASIA. Benign hepatic adenomas are associated with oral contraceptive use, although the inci- 
ORTHO TRI-CYCLEN: Each white tablet contains 0.180 mg norgestimate and 0.035 mg ethinyl estradiol. Each light dence of benign tumors is rare in the United States. Indirect calculations have estimated the attributable risk to be in 
blue tablet contains 0.215 mg norgestimate and 0.035 mg ethinyl estradiol. Each blue tablet contains 0.250 mg the range of 3.3 cases/100,000 for users, a risk that increases after four or more years of use especially with oral 
norgestimate and 0.035 mg ethinyl estradiol. Each green tablet in the ORTHO-CYCLEN 28 and ORTHO TRI-CYCLEN contraceptives of higher dose. Rupture of benign, hepatic acenomas may cause death through intra-abdominal 
28 packages contains inert ingredients. hemorrhage. Studies from Britain have shown an increased risk of developing hepatocellular carcinoma in long-term 
IMPORTANT NOTE— This information is a BRIEF SUMMARY of the complete prescribing information provided (>8 years) oral contraceptive users. However, these cancers are rare in the U.S. and the attributable risk (the excess 
with the product and therefore should not be used as the basis for prescribing the product. This summary was incidence) of liver cancers in oral contraceptive users approaches less than one per million users. §. OCULAR 
prepared by deleting from the complete prescribing information certain text, tables, and references. The LESIONS. There have deen clinical case reports of retinal thrombosis associated with the use of oral contraceptives. 
physician should be thoroughly familiar with the complete prescribing information before prescribing the Oral contraceptives should be discontinued if there is unexplained partial or complete loss of vision; onset of 
paa. should be undertaken immediately. 3. ORAL CONTRACEPTIVE Use aee nE An Da ana terapeutic measures 
3 should be undertaken immediately. 6. 

INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. : Extensive epidemiological studies have revealed no increased risk of birth defects in women who have used oral 
CONTRAINDICATIONS: Oral contraceptives should not be used in women who currently have the following condi- contraceptives prior to pregnancy. The majority of recent studies also do not indicate a teratogenic effect, particularly 
tions: 1. Thrombophiebitis or thromboembolic disorders. 2. A past history of deep vein thrombophlebitis or throm- jn so far as cardiac anomalies and limb reduction defects are concerned, when taken inadvertently during early 
doembolic disorders. 3. Cerebral vascular or coronary artery disease. 4. Known or suspected carcinoma of the pregnancy. The administration of oral contraceptives to induce withdrawal bleeding should not be used as a test for 
yeast. 5. Carcinoma of the endometrium or other known or suspected estrogen-dependent neoplasia. 6. Undiag- pregnancy. Oral contraceptives should not be used during pregnancy to treat threatened or habitual abortion. It is 
Josed abnormal genital bleeding. 7. Cholestatic jaundice of pregnancy or jaundice with prior pill use. 8. Hepatic recommended that for any patient who has missed two consecutive periods, pregnancy should be ruled out before 








































adenomas or carcinomas. 9. Known or suspected pregnancy. continuing oral contraceptive use. If the patient has not adhered to the prescribed schedule, the possibility of 
WARNINGS oh pal should be considered at the time of the first-missed period. Oral contraceptive use should be discontinued 

i until pregnancy is ruled out. 7. GALLBLADDER DISEASE. Earlier studies have reported an increased lifetime relative 
i gh smoking increases the risk of serious cardiovascular side effects from oral contraceptive use. risk of gallbladder pl gh in users of oral contraceptives and estrogens. More recent studies, however. have shown 
This risk increases with age and with heavy smoking (15 or more cigarettes per day) and is quite marked in that the relative risk of developing gallbladder disease among oral contraceptive users may be minimal. The recent 


women over 35 years of age. Women who use oral contraceptives should be strongly advised not to smoke. findings of minimal risk may be related to the use of oral contraceptive formulations containing lower hormonal 
doses of estrogens and progestogens. 8. CARBOHYDRATE AND LIPID METABOLIC EFFECTS. Oral contraceptives 
e use of oral contraceptives is associated with increased risks of several serious conditions "ouan myocardial have been shown to cause a decrease in glucose tolerance in a significant percentage of users. This effect has been 
farction, thromboembolism, stroke, hepatic neoplasia, and gallbladder disease, although the risk of serious shown to be directly related to estrogen dose. Progestogens increase insulin secretion and create insulin resistance, 
orbidity or mortality is very small in healthy women without underlying risk factors. The risk of morbidity and this effect varying with different progestational agents. However, in the non-diabetic woman, oral contraceptives 
ortality increases gran in the presence of other underlying risk factors such as hypertension, hyperlipide- appear to have no effect on fasting blood glucose. Because of these demonstrated effects. prediabetic and diabetic 
ias. obesity and diabetes. Practitioners prescribing oral contraceptives should be familiar with the following women in particular should be carefully monitored while taking oral contraceptives. A small proportion of women will 
formation relating to these risks. The information contained in this brief summary is principally based on studies have persistent hypertriglyceridemia while on the pill. As discussed earlier (see WARNINGS 1a and 1d), changes in 
arried out in patients who used oral contraceptives with higher formulations of estrogens and progestogens than serum triglycerides and lipoprotein \evels have been reported in oral contraceptive users. In clinical studies with 
ose in common use today. The effect of long-term use of the oral contraceptives with lower formulations of both ORTHO-CYCLEN there were no clinically significant changes in fasting blood glucose levels. No statistically signifi- 
‘rogens and progestogens remains to be determined. Throughout this brief summary, rye gy seo studies Cant changes in mean fasting blood glucose levels were observed over 24 cycles of use. Glucose tolerance tests 
sorted are of two types: retrospective or case contro! studies and prospective or cohort studies. Case control showed minimal, clinically insignificant changes from baseline to cycles 3, 12, and 24. In clinical studies with 
dies provide a measure of the relative risk of a disease, namely, a ratio of the incidence of a disease among oral ORTHO TRI-CYCLEN there were no clinically eg changes in fasting blood glucose levels. Minimal statistically 
itraceptive users to that among non-users. The relative risk does not provide information on the actual Clinical Significant changes were noted in glucose levels over 24 cycles of use. Glucose tolerance tests showed no clinically 
~urrence of a disease. Cohort studies provide a measure of attributable risk, which is the difference in the significant changes from baseline to cycles 3, 12, and 24. 9. ELEVATED BLOOD PRESSURE. An increase in blood 
dence of disease between oral contraceptive users and non-users. The attributable risk does provide information pressure has been reported in women taking oral contraceptives and this increase is more likely in older oral 
ut the actual occurrence of a disease in the population. For further information, the reader is referred to a text on contraceptive users and with extended duration of use. Data from the Royal College of General Practitioners and 
pmiological methods. 1. THROMBOEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS. a. Myocardial Subsequent randomized trials have shown that the incidence of hypertension increases with increasing progesta- 
ion. An increased risk of myocardial infarction has been associated with oral contraceptive use. This risk is tional activity. Women with a ve of hypertension or hypertension-related diseases, or renal disease should be 
arily in smokers or women with other underlying risk factors for coronary artery disease such as hypertension, encouraged to use another method of contraception. If women elect to use oral contraceptives, they should be 
prcholesterolemia, morbid obesity, and diabetes. The relative risk of heart attack for current oral contraceptive monitored closely and if significant elevation of blood pressure occurs, oral contraceptives should be discontinued. 
s has been estimated to be two to six. The risk is very low under the age of 30 Smoking in combination with oral For most women, elevated blood pressure will return to normal after Stopping oral contraceptives, and there is no 
raceptive use has been shown to contribute substantially to the incidence of myocardial infarctions in women in difference in the occurrence of hypertension between former and never users. It should be noted that in two separate 
r mid-thirties or older with smoking accounting for the majority of excess cases. Mortality rates associated with large Clinical trials E = 633 and N = 911), no statistically significant changes in mean blood pressure were observed 
ulatory disease have been shown to increase substantially in smokers, especially in those 35 years of age and with ORTHO-CYCLEN. 10. HEADACHE. The onset or exacerbation of migraine or development of headache with a new 
er among women who use oral contraceptives. Oral contraceptives may compound the effects of well-known risk pattern which is recurrent, PYT or severe requires discontinuation of oral contraceptives and evaluation of the 
ors, such as hypertension, diabetes, hyperlipidemias, age and obesity. In particular, some progestogens are cause. 11. BLEEDING IRREGULARITIES. Breakthrough bleeding and spotting are sometimes encountered in patients 
own to decrease HDL cholesterol and cause glucose intolerance, while estrogens may create a state of y rinsu- on oral contraceptives, especially during the first three months of use. Non-hormonal causes should be considered 
ism. Oral contraceptives have been shown to increase blood pressure among users (see Section 9 in WARNINGS). and adequate diagnostic measures taken to rule out malignancy or pregnancy in the event of breakthrough bleeding, 
milar effects on risk factors have been associated with an increased risk of heart disease. Oral contraceptives must as in the case of any abnormal vaginal bleeding. If pathology has been excluded, time or a change to another 
used with caution in women with cardiovascular disease risk factors. b. Thromboembolism. An increased risk of formulation may solve the problem. In the event of amenorrhea, pregnancy should be ruled out. Some women m 
romboembolic and thrombotic disease associated with the use of oral contraceptives is well established. Case encounter post-pill amenorrhea or oligomenorrhea, especially when such a condition was preexistent. 12. ECTOPI 
Ontrol studies have found the relative risk of users compared to non-users to be-3 for the first episode of superficial PREGNANCY. Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. PRECAUTIONS; 
enous thrombosis, 4 to 11 for deep vein thrombosis or pulmonary embolism, and 1.5 to 6 for women with 1, PHYSICAL EXAMINATION AND FOLLOW UP A complete medical history and physical examination should be taken 
} “edisposing conditions for venous thromboembolic disease. Cohort studies have shown the relative risk to be rior to the initiation or reinstitution of oral contraceptives and at least annually during use of oral contraceptives. 
newhat lower, about 3 for new cases and about 4.5 for new cases requiring hospitalization. The risk of throm- hese physical examinations should include special reference to blood pressure, breast, abdomen and pelvic organs, 
mbolic disease associated with oral contraceptives is not related to length of use and disappears after pl use is including cervical cytology, and relevant laboratory tests. In case of undiagnosed, persistent or recurrent abnormal 
oped. A two-to-four-fold increase in relative risk of post-operative thromboembolic complications has been vaginal bleeding, appropriate diagnostic measures should be conducted to rule out malignancy. Women with a stron 
‘orted with the use of oral contraceptives. The relative risk of venous thrombosis in women who have predisposing family history of breast cancer or who have breast nodules should be monitored with particular care. 2. LIPI 
< \ditions is twice that of women without such medical conditions. If feasible, oral contraceptives should be DISORDERS. Women who are being treated for hyperlipidemias should be followed Closely if they elect to use oral 
scontinued at least four weeks prior to and for two weeks after elective surgery of a type associated with an increase contraceptives. Some fe orgy may elevate LDL levels and may render the control of hyperlipidemias more 
risk of thromboembolism and during and following prolonged immobilization. Since the immediate postpartum difficult. 3. LIVER FUNCTION. If jaundice develops in any woman receiving such drugs, the medication should be 
f riod is also associated with an increased risk of thromboembolism, oral contraceptives should be started no discontinued. Steroid hormones may be poorly metabolized in patients with impaired liver function. 4. FLUID 
flier than four weeks after delivery in women who elect not to breast feed. c. Cerebrovascular diseases. Oral RETENTION. Oral contraceptives may cause some degree of fluid retention. They should be prescribed with caution, 
_ Wntraceptives have been shown to increase both the relative and attributable risks of cerebrovascular events and only with careful monitoring, in patients with conditions which might be aggravated by fluid retention. 5. EMO- 
~ Arombotic and hemorrhagic strokes), although, in general, the risk is greatest among older (>35 years), hyperten- TIONAL DISORDERS. Women with a history of depression should be carefully observed and the drug discontinued if 
ve women who also smoke. Hypertension was found to be a risk factor for both users and non-users, for both types depression recurs to a serious degree. 6. CONTACT LENSES. Contact lens wearers who develop visual changes or 
í strokes, and smoking interacted to increase the risk of stroke. In a large study, the relative risk of thrombotic changes in lens tolerance should be assessed by an Ophthalmologist. 7. DRUG INTERACTIONS. Reduced efficacy 
*rokes has been shown to range from 3 for normotensive users to 14 for users with severe hypertension. The relative and increased incidence of breakthrough bleeding and menstrual irregularities have been associated with concomi- 
kof hemorrhagic stroke is reported to be 1.2 for non-smokers who used oral contraceptives, 2.6 for smokers who tant use of rifampin. A similar association, though less marked, has been Suggested with barbiturates, phenylbuta- 
J not use oral contraceptives, 7.6 for smokers who used oral contraceptives, 1.8 for normotensive users and 25.7 zone, Gare sodium, and possibly with ee, ampicillin and tetracyclines. 8. INTERACTIONS WITH 
Or users with severe hypertension. The attributable risk is also greater in older women. d. Dose-related risk of LABORATORY TESTS. Certain endocrine and liver function tests and blood components may be affected by oral 
vascular disease from oral contraceptives. A positive association has been observed between the amount of estro- contraceptives: a. Increased prothrombin and factors VII, Vill, IX, and X; decreased antithrombin 3, increased 
gen and progestogen in oral contraceptives and the risk of vascular disease. A decline in serum high density norepinephrine-induced platelet aggregability. b. Increased thyroid bindin rrp (TBG) leading to increased 
«poproteins (HDL) has been reported with many progestational a A decline in serum high density lipoproteins circulating total thyroid hormone, as measured by protein-bound iodine (PBI 4 by column or by radio-immunoas- 
has been associated with an increased incidence of ischemic heart disease. Because estrogens increase HDL say. Free T3 resin uptake is decreased, reflecting the elevated TBG, free T4 concentration is unaltered. c. Other 
cholesterol, the net effect of an oral contraceptive depends on a balance achieved between doses of estrogen and binding proteins may be elevated in serum. d. Sex-binding globulins are increased and result in elevated levels of total 
progestogen and the activity of the Siyar ag used in tha contraceptive. The activity and amount of both hor- circulating sex steroids and corticoids; however, tree or biolo ically active levels remain unchanged. e. Triglycerides 
mones should be considered in the choice of an oral contraceptive. Minimizing exposure to estrogen and progesto- may be increased. t. Glucose tolerance may be decreased. g. Serum folate levels may be depressed by oral 
-gen is in keeping with gos principles of therapeutics. For any pra pata p combination, the contraceptive therapy. This me be of clinical significance if a woman becomes pe nant shortly after discontinuing 
» dosage regimen prescribed should be one which contains the least amount of estrogen and progestogen that is oral contraceptives. 9. CARCINOGENESIS. See WARNINGS Section. 10. PREGNANCY Pregnancy Category X. See 
rompatible with a low failure rate and the needs of the individual patient. New acceptors of oral contraceptive agents CONTRAINDICATIONS and WARNINGS Sections. 11. NURSING MOTHERS. Small amounts of oral contraceptive 
should be started on preparations containing 0.035 mg or less of estrogen. e. Persistence of risk of vascular disease. steroids have been identified in the milk of nursing mothers and a tew adverse effects on the child have been reported, 
There are two studies which have shown persistence of risk of vascular disease for ever-users of oral contraceptives. including jaundice and breast enlargement. In addition, oral contraceptives given in the postpartum period may 
In a study in the United States, the risk of oe myocardial infarction after discontinuing oral contraceptives interfere with lactation by decreasing the quantity and quality of breast milk. If possible, the nursing mother should 
persists for at least 9 years for women 40-49 years who had used oral contraceptives for five or more years, but this be advised not to use oral contraceptives but to use other forms of sete ot until she has completely weaned her 
increased risk was not demonstrated in other age groups. In another Study in Great Britain, the risk of developing child. INFORMATION FOR THE PATIENT: See Patient Package Insert. ADVERSE REACTIONS: An increased risk of 
cerebrovascular disease persisted for at least 6 years after discontinuation of oral contraceptives, although excess the following serious adverse reactions has been associated with the use of oral contraceptives (see WARNINGS 
risk was very small. However, both studies were performed with oral contraceptive formulations containing 50 Section). Thrombophiebitis and venous thrombosis with or without embolism. Arterial thromboembolism. Pulmo- 
micrograms or higher of estrogens. 2. ESTIMATES OF MORTALITY FROM CONTRACEPTIVE USE. One study gath- nary embolism. Myocardial infarction. Cerebral hemorrhage. Cerebral thrombosis. Hypertension. Gallbladder dis- 
ered data from a variety of sources which have estimated the mortality rate associated with different methods of ease. Hepatic adenomas or benign liver tumors. The following adverse reactions have been reported in patients 
contraception at different ages. These estimates include the combined risk of death associated with contraceptive receiving oral contraceptives and are believed to be drug-related: Nausea. Vomiting. Gastrointestinal symptoms 
methods plus the risk attributable to pregnancy in the event of method failure. Each method of contraception has its (such as abdominal cramps and bloating). Breakthrough bleeding. Spotting. Change in menstrual flow. Amenor- 
specific benefits and risks. The study concluded that with the exception of oral contraceptive users 35 and older who rhea. Temporary infertility after discontinuation of treatment. Edema. Melasma whic may persist. Breast changes: 
smoke, and 40 and older who do not smoke, mortality associated with all methods of birth control is low and below tenderness, enlargement, secretion. Change in weight (increase or decrease). Change in cervical erosion and 
that associated with childbirth. The observation of an increase in risk of mortality with age for oral contraceptive secretion. Diminution in lactation when given immediately postpartum. Cholestatic jaundice. Migraine. Rash (aller- 
users is based on data gathered in the 1970's. Current clinical recommendation involves the use of lower estrogen ic). Mental depression. Reduced tolerance to carbohydrates. Vaginal candidiasis. Change in corneal curvature 
dose formulations and a careful consideration of risk factors. In 1989, the Fertility and Maternal Health Drugs {steepening). Intolerance to contact lenses. The following adverse reactions have been reported in users of oral 
Advisory Committee was asked to review the use of oral contraceptives in women 40 years of age and over. The contraceptives and the association has been neither confirmed nor refuted: Pre-menstrual syndrome. Cataracts. 
Committee concluded that although cardiovascular disease risks may be increased with oral contraceptive use after Changes in appetite. Cystitis-like syndrome. Headache. Nervousness. Dizziness. Hirsutism. Loss of scalp hair. 
age 40 in healthy non-smoking women (even with the newer low-dose formulations), there are also be potential Erythema multiforme. Erythema nodosum. Hemorrhagic eruption. Vaginitis. Porphyria. Impaired renal function. 
health risks associated with pregnancy in older women and with the alternative surgical and medical procedures Hemolytic uremic syndrome. Acne. Changes in libido. Colitis. OVERDOSAGE: Serious ill effects have not been 
which may be necessary if such women do not have access to effective and acceptable means of contraception. The reported following acute ingestion of large doses of oral contraceptives by young children. Overdosage may cause 
ommittee recommended that the benefits of low-dose oral contraceptive use by healthy non-smoking women over nausea and withdrawal bleeding may occur in females. 0 
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